The series of emails below was exchanged between all members of the WTCHP Scientific/Technical Advisory Committee (except as noted) in preparation for the Committee’s March 28, 2012 meeting.  The Committee exchanged emails to develop a draft of the Committee’s Report supporting the Committee’s eventual recommendations to the WTC Program Administrator on the petition to add cancer or a type of cancer to the list of covered WTC-related health conditions.  The Committee’s Report will be discussed and deliberated upon, along with the Committee’s final recommendations, during the March 28th meeting.   The sender of the email is identified by bold and underlining.  The date/time of the email is indicated below the sender’s name.  Any attachments, including draft report language, have been inserted with the emails they accompanied.

Elizabeth Ward (Committee Chair)
Friday, February 24, 2012 6:02 PM
Dear WTC STAC Committee members: 



As promised, attached please find a first draft of our response to Dr. Howard regarding the cancer petition and supporting documentation.  The references are incomplete as my reference manager program has not been working remotely so I will have to add them when I'm back in the office next week.   

Specific writing requests are highlighted in yellow for John, Glenn, Virginia, Bill, Tom, Steve M and Leo. 

Requests for additional imput from the committee on several topics are highlighted in yellow as well. 

I hope everyone will provide comments on what is written so far and and on any additional topics that  should be covered. 

Please return new text and comments to me as soon as possible, but no later than March 12.  Please feel free to share comments with all members of the STAC Committee when you send them to me.   

I will revise the document and get a draft back  to you by noon on March 23. 

If there are significant disagreements or issues related to the March 23 draft, I will highlight them in an email message so everyone will have the opportunity to think them over before the call. 

Guille Mejia
Mon 2/27/2012 2:26 PM


Attached, please find the draft with my initial comments.  I may have additional comments later on…
Tom Aldrich
02/27/2012 06:10 PM


Attached are my edits.  I made extensive suggested revisions to the section on completed incidence studies (pages 10-12) and made a couple of edits to table 4, correcting an error in stomach cancer SIR ratio and adding melanoma SIR data.
Bob Harrison
Tue 2/28/2012 12:04 AM



Nice work Liz.  I made some minor edits in tracking mode (on top of Tom's).

My main comment is that we ought to add a table that shows the WTC exposures that are putative carcinogens.  I think it's implicit in the text, but I think it would be helpful to actually have a list or table with references to the data that suggests these carcinogens were indeed present.  As the rationale for recommending cancer treatment is based on the likelihood that these exposures occurred, I think this would strengthen the letter.

Another point - we don't mention the issue of latency or dose in terms of risk or stratifying groups.  I believe we probably would not want to have a cutoff for duration or intensity of exposure, but the issue of latency might need to be discussed somehow.  Right now the letter is silent on these 2 issues, and we could conceivably leave it that way if we don't want to tackle this head on.

Julia Quint
Tue 2/28/2012 9:56 AM


Thanks for a great first draft and for getting it to us so quickly.
My edits on the letter are attached.  I am still working on the remainder of the document.  I will send the rest of my edits/comments as soon as possible.

John Dement
Tue 2/28/2012 10:58 AM
Thank you for all your efforts on behalf of our committee. I have attached an edited version with my suggestions. I added my edits to those provided by Tom and Bob. I have included the references which were discussed during our meeting.
William Rom
Wednesday, February 29, 2012 11:46 AM
Dear Elizabeth:
Really excellent first draft. I still have problems with the organ site list of cancers but think the justification exists for the sites in the letter and Tables—except for prostate which I favor deleting because of biological implausibility and any causative environmental or occupational exposures. I think that this is a surveillance effect. I added several lines on lung cancer and PM<2.5 microns.
Bob Harrison
Wed, 29 Feb 2012 19:46:17
>> I lean towards Bill's suggestion about prostate cancer. In my medical consultation on cases of firefighters who are covered under our California workers comp presumption law, I have not found evidence for occupational/environmental exposure and increased risk for prostate cancer.
Valerie Dabas
Wed 2/29/2012 3:18 PM
 I would have to disagree, I do not believe we can compare the fire's in California with the toxic exposures at ground zero.   From the meeting with the City Health Department last week regarding their cancer study they reported an excess for prostate cancer of 43% among responder with a SIR 1.43, Mount Sinai has also reported an increase and the Fire study sufficiently reduced their initial finding of 32% to 14% for surveillance bias.
Tom Aldrich
Wed 2/29/2012 4:06 PM
Regarding prostate cancer, I think the jury is still out.

We can't use word of mouth re Mt Sinai and registry results----without seeing the full peer-reviewed results, we can't know how severe the problems were with selection bias and surveillance bias.  

Regarding FDNY prostate cancer results, they seem to suggest that firefighting poses a risk of prostate cancer even in the absence of WTC exposure---SIR 1.35 with CIs that don't cross zero in the  unexposed firefighters.  That fits with prior studies that suggest a "probable" link between firefighting and prostate cancer with SIR  estimated at 1.28, from metaanalysis of 13 studies (see LeMasters et al, JOEM 48:1189-1202, 2006).  

The WTC-exposed FDNY group did not show an increased risk over unexposed, with estimated SIR ratio 0.90 (using correction for possible surveillance bias).  The CI was predictably wide (0.62 to 1.30), so an increased risk from WTC exposure on top of firefighting occupation is not ruled out (nor is a decreased risk).

Given the uncertainty, I think we should not expect an answer from epidemiology, but rely on what's known in the toxicology realm regarding potential risk of prostate cancer relative to the toxins known to be present. 
Kimberly Flynn
Wednesday, February 29, 2012 4:42 PM
I agree with Valerie. An expert present at the DOH briefing that Valerie referred to in her message said that we are seeing the signal of excess thyroid, prostate and blood cancers across 3 studies, with different methodologies and somewhat different, though not entirely distinct, cohorts. (This statement is not verbatim but very close.) 

At the last STAC meeting, there was much discussion about the importance in our deliberations of what was unique in the WTC disaster as a polluting event, including its sheer scale. The collapse of massive skyscrapers and the resulting pulverization of their substance and contents, the uncontrolled combustion for many months (that among other toxics, emitted the largest ever recorded releases of dioxins), the range and intensity of exposures that occurred in the morning of 9/11, and also those that occurred for weeks, months and in the case of indoor environments, for years. 

We know that responders and survivors were exposed simultaneously to complex mixtures, including multiple carcinogens, which have the potential to act synergistically.  And most people were not wearing PPE when they were exposed. These exposures would seem to be different in nature and scope from the most firefighters' occupational exposures, as they appear to have involved higher concentrations and greater combinations of toxic substances and had much longer duration.

In it's 2002 report on the WTC disaster, the Natural Resources Defense Council describes the WTC environmental disaster as 'an unprecedented environmental assault':
"The terror attacks on the World Trade Center, in addition to their 
heart-wrenching toll on human life and wide-ranging economic impacts, constituted an 
unprecedented environmental assault for Lower Manhattan. On that tragic morning, more 
than 1.2 million tons of building materials collapsed in the midst of one of the 
nation’s most densely populated neighborhoods. An intense fire, fueled by thousands 
of gallons of jet fuel, spewed toxic gases into the air. Asbestos, used in the 
construction of one of the towers, rained down over the streets. Burning computers and other 
electrical equipment sent dioxins, mercury and other hazardous substances into the drifting 
plume. Vast quantities of dust, glass and pulverized cement were blown throughout 
the surrounding neighborhood. For more than three months after the event, acrid smoke 
continued to waft into the air. Dust particles continued to be dispersed throughout the 
neighborhood from the site’s cleanup operations. 



[...]
Exposure to pollutants from the World Trade Center attacks has come 
primarily in three phases. First, the collapse of the two 110-story towers and 
adjacent structures generated high-intensity, peak pollution discharges on September 11th. 
Second, fires from the crash of two fuel-filled airliners into the Trade Center towers 
and fires and the resulting smoke plume at Ground Zero following the towers’ collapse 
created significant additional pollution discharges, which continued to some degree for at 
least three months.

Finally, the resuspension of asbestos, dust, pulverized cement, fiberglass etc., during the
cleanup and transport of wastes at Ground Zero and in cleanups of residences and office
buildings in the immediately surrounding area produced localized pollution hot spots.
While addressed to some degree as of February 2002, such hot spots still pose problems
in isolated locations (for example, improperly cleaned apartments and poorly cleaned
building rooftops and ventilation systems in Lower Manhattan).

 A major reason for concern is the large volume of toxic materials that was apparently
present in the World Trade Center towers. For example, by some accounts the north
tower had as much as 300 to 400 tons of asbestos.5 Also in the two towers were as many
as 50,000 personal computers, each of which contained a wide variety of harmful
constituents including four pounds of lead, as well as much lesser but still troubling
amounts of mercury. The towers also contained 300 mainframe computers, 
and powering all these devices were hundreds of miles of wires and cables containing 
polyvinyl chloride and copper. The thousands of fluorescent lights used 
in the towers also contained mercury, a toxic metal. In addition, large amounts of 
fiberglass, used in insulation, were contained in the towers. To this must be added the 
unknown tons of plastics, which when burned produce harmful dioxins and furans; an 
unknown amount of painted or stained products and materials, which were one of many 
sources of volatile organic compounds within the destroyed buildings; and thousands of 
chairs and other office furniture containing such chemicals as polybrominated diphenyl 
ethers, which are persistent organic pollutants believed to pose dangers similar to PCBs. 
Additionally, several storage tanks containing petroleum products and a number of 
small hazardous waste-generating entities at the World Trade Center complex, which were 
destroyed on September 11th, added to the toxic mix.6 And two Con Edison substations 
below 7 World Trade Center contained approximately 130,000 gallons of transformer oil 
contaminated with PCBs.7 This listing is only illustrative and does not capture the 
full breadth of the toxic constituents that were dispersed into the environment on September 
11th."

Glenn Talaska
Wed 2/29/2012 4:59 PM
Perhaps we need a discussion of the issue of increased surveillance and how it might impact the reported rate of prostate cancer.  I believe there is a literature on the issue.
Elizabeth Ward
Wed 2/29/2012 5:49 PM


 
As I think you all know, I wrote the draft document to reflect as best I could what I thought were the views of the committee, including the list of cancer sites generated from the general guidelines discussed at the meeting.  I was intending to follow-up by sharing my views and/or background material on a few topics, so will start with prostate (and thyroid), 

I too have qualms about including prostate cancer, for which the main usable evidence is the FDNY firefighter study results (I don't think we can consider the other studies until they're published or at least made available to us in a form that can be part of the public record, as some of the sampling reports were). (Note that in the draft that Tom edited, which was distributed last week, he fleshed out the description of the firefighter study and results).   

The main reason I am concerned about including prostate based on the firefighter study results is that it is known to be a cancer that a lot of men have for a long time without any symptoms.  This was originally learned from autopsy studies of men who died from other causes and were found to have cancers in their prostate.  Many studies have found, and many doctors believe, that many of the men diagnosed with prostate cancer as a result of a positive Prostate Specific Antigen (PSA) screening test, which represent a significant proportion of all men diagnosed with this cancer, would have lived for a long time with the cancer before without developing any symptoms, including some who would have died of other causes before the cancer would be diagnosed.  Thus, the surveillance bias issue is far more serious than it is for other cancers.  The FDNY study did attempt to control for surveillance bias by setting a two year lag time for screenable cancer and also stated that the stage distribution was no different from the general population. I  don't think 2 years is a long enough lag time for prostate cancer given what we know.  The fairly technical articles I've attached would suggest to correct for surveillance bias would require lagging more like 5 - 10 years.  The other issue is that the stage distribution will probably not be too informative with respect to surveillance bias, since 80% of men in the population are diagnosed at localized stage. 

I also agree with Bill that (unlike lung cancer for example) there has not been much evidence for associations between occupational and environmental exposures and prostate cancer.   

The decision of whether to include prostate is significant for a number of reasons: 
·  It is the most commonly diagnosed cancer, estimated to account for 241,000 of the 848,000 newly diagnosed cases among men in the US in 2012.  Therefore coverage will have a significant impact on program resources.
· There is enormous controversy about the benefits of screening, early detection and treatment.   Of two completed clinical trials of PSA screening, one showed a mortality benefit and one didn't.  Pretty much all treatment options, except watchful waiting, are associated with significant short-and long-term side effects.   
· 
Similar concerns could be raised about thyroid cancer.  Although there is no screening test recommended, it is likely to be detected by a physician noticing a nodule on a clinical exam or be noticed in an ultrasound or CAT scan taken for other reasons.  Like prostate, there is a fairly high prevalence of occult cancers at autopsy.  It is a less common cancer than prostate, and less well studied, so less direct evidence about what the lag time for surveillance bias should be.  Similar to prostate, almost all are diagnosed at early stage, so comparison of the stage distribution would be unlikely to reveal an impact of surveillance bias.   

Unlike prostate cancer, thyroid cancer has a well known environmental risk factor (ionizing radiation) which has been demonstrated both with respect to therapeutic radiation and I-131 contamination from nuclear fallout.  The morbidity from treatment is significantly less than for prostate cancer but it's unclear at this point what proportion of cases really need treatment to avert death or progression to a more clinically significant cancer.   

Although it is less common than prostate, the incidence of thyroid cancer is rising, it is estimated to account for 56,460 of the approximately 1.6 million cancers to be diagnosed in men and women in the US in 2012.   

  
Look forward to hearing other opinions. 
Bob Harrison
Wed 2/29/2012 5:51 PM
agree with Glenn - this topic has raised more discussion - maybe on our next call this should be an agenda item?

Glenn Talaska
Wed 2/29/2012 6:07 PM
I agree Liz.  There are 2 compounds, arsenic and cadmium, which are associated with an increase in prostate cancer.  Biological monitoring was done on 365   Firefighters both those who worked at the site and those who didn’t for urinary cadmium.  However, there was no bio measurement of arsenic.  As I noted in my talk, but didn’t embellish, unlike PAH, cadmium has a very long half life and if there was a significant exposure to it immediately after 9/11, the urinary levels would have remained elevated for some time.  That was NOT the case and the firefighters who worked after 9/11 had urinary cadmium levels that were statistically significantly lower than FF who never entered the site.   This is pretty good evidence that most workers at the site probably did not experience an exposure to cadmium right  after.   This reduces the biological plausibility for prostate cancer.  
Two caveats:  
Edelman did not show if there were any outliers in the cadmium data which would represent individuals who would have had a high exposure; if those persons exist and they developed prostate cancer I would be in support of including them.  In addition, less then 10% of all those who worked on the pile were sampled so we don’t know anything about the range in the total population
Also,  I can’t say anything about arsenic since no samples were collected.  
I hope this helps.
Susan Sidel
Wed 2/29/2012 6:54 PM
Initially, I was uncomfortable including prostate cancer because it is such a common cancer among men.  But as I got more information, I realized it was a common cancer for older men, not for men in their 30’s and 40’s as was the case(s) in our population(s).
For me a compelling argument for including prostate cancer is twofold:
1.   The average for age prostate cancer is 63 to 65. The FDNY and I believe the PBS/NYPD are seeing prostate cancer in WTC Responders that are in they’re 30's and 40's. That is highly unusual, particulary in large numbers. And,
2.   Ask yourself: Is it biologically plausible for to prematurely develop prostate cancer after being exposed to 72 different carcinogens, perhaps even all 72 carcinogens simultaneously; in the form of particles measured in micrometers or in aerosol form … Heated by 25,000 liters of jet fuel and 200,000 gallons of oil and insulating fluid (stored underneath 7 WTC by Con Edison and Mayor Giuliani. Gonzalez, Juan. Fallout. The New Times Press. NYC. 2002 
Cahill found petroleum burning in October 2001 one mile NW of Ground Zero where he was testing from a rooftop at 201 Varick Street.
Guille Mejia
Wed 2/29/2012 6:58 PM
Yes, we need to have this conversation on the 28th
Elizabeth Ward
Wed 2/29/2012 7:46 PM
Here is a table that shows the %'s of cancers diagnosed in each 10-year age for the major cancer sites.  To see it, copy it into your browser. 

http://seer.cancer.gov/csr/1975_2008/browse_csr.php?section=1&page=sect_01_table.10.html 

(This is just one of the ways to look at cancers by age - and many more Tables in the SEER Cancer Statistics Review where it came from). 

As you can see in this Table, although prostate cancer is most commonly diagnosed in older men, about 10% of patients are diagnosed under age 55.  It is also important to remember that the average age of cancer diagnosis in any group will depend on the age group being studied.  For example, the FDNY study was restricted to person-years under age 60 (i.e. once a person turned 60 their cancers and years of observation were no longer included in the study).  For most adult cancers whose risk increases substantially with age, the average age in the FDNY study would have to be much lower than the average age in the general population. (If they had not restricted to age < 60 byt 95% of their population was < 60 at the end of the study, you would still see a shift to younger average age among cancers diagnosed but it would perhaps be a little older). 

Epidemiologic studies (including the FDNY study) look at the look at the number of cases observed in the study compared to the number expected based on age, sex and other characteristics.  It's not possible to draw any conclusions about excess risks of cancer without that information.  It is very important that all the populations that can be clearly identified (such as police ofdficers) be studied in this way. 

Guille Mejia
Wed 2/29/2012 7:55 PM
Paul: I am just wondering if the email exchange
Presents a problem since the public is not being afforded
An opportunity to listen and provide comment. Regardless the coverage of 
Prostate cancers has to take place
Elizabeth Ward
Wed 2/29/2012 8:01 PM
1.  For the childhood cancers, we will need to agree on a definition.  This link will bring you to a table of childhood cancers in the way they're usually grouped: 

http://seer.cancer.gov/csr/1975_2008/browse_csr.php?section=29&page=sect_29_table.01.html 

Sometimes they are defined as cancers occurring at age 0-14, other times 0-19 - we probably should specify. 

2.  I tried to find some definitions of rare cancers.  I don't think there's one uniform definition. Part of the problem is that there's lots of different ways to classify cancer.   Here is one paper that looked at the issue. 

Bob Harrison
Wed 2/29/2012 11:27 PM
According to the paper that Liz attached, about 1/4 of all cancers are "rare," as defined by fewer than 150 incident cases per million/year. I don't think that is what we meant by "rare" cancers - but maybe someone recalls the gist of our discussion around this issue.

Paul Middendorf  (Designated Federal Official) [sent to Guille Mejia]
Thu 3/1/2012 7:18 AM
[bookmark: _GoBack]I think we’re ok because the whole committee is acting as a working group in developing the document (which is how the committee decided to act during the first meeting in November), and working groups do not have to do their work in an open meeting.  The whole document under consideration will be posted on the website several days ahead of time and will be presented and discussed in an open meeting.  A synopsis of the discussions that will have taken place within the working group will need to be presented in the open meeting.  The public will have their opportunity to make comments on the document, and at the meeting each member will have their opportunity to further discuss the document.  What the working group cannot do is take a vote and decide the document is the “final version” until it is discussed in the open meeting.  During the open meeting changes can be made to the document and then a vote can be taken.
I’m going to send something out to the whole group on this because if you’re concerned, then likely others are, too.

Susan Sidel
Mar 1, 2012, at 8:13 AM

I second Valerie's concerns even though we are a "working group".
That said, I'm wondering if we are going to need another phone meeting (for just a few extra hours) to review our letter and continue our robust discussion and if so, we should set that up now.
Our thinking doesn't have to be "all or nothing"  on prostate. If someone is young and sick with other WTC conditions, that particular early onset prostate cancer may be related to WTC exposure. We could have criteria  Also...we need to merge the document b/c several edits are not in later versions.

Elizabeth Ward
Thu 3/1/2012 8:19 AM
Bear in mind that we need to post a draft of our recommendations on March 23 so it is available to the public before the meeting on the 28th, and we will have only a few days after that meeting to produce the final document for Dr. Howard.  If we are divided on the topic of whether to list prostate and thyroid, or other major issues, we may have to ask everyone where they stand and rewrite the draft with majority and minority opinions.
Kimberly Flynn
Thu 3/1/2012 9:36 AM
Thank you for your message, Liz, and for your very fine first draft. Only after seeing the draft along with recent emails from STAC members have the implications of the approach we discussed at the meetings become clearer for me. 

Valerie said at our February meeting that she was not sure she agreed with the majority approach to including cancers until she saw the list of cancers recommended for WTC coverage. I feel the same way.

From our emails yesterday, you can see that a number of stakeholder reps, including myself, read the draft as recommending inclusion of prostate cancer (and, I'm assuming, thyroid cancer), based on the FDNY study. We know that the Sinai and DOH studies cannot be cited in the STAC's recommendation until those are published. But because we have all heard Dr. Landrigan's Feb 15 testimony and in addition, some of us were briefed by the DOH, I think we assumed that the data were trending in the direction of an excess of prostate, thyroid and blood/lymph cancers. (Sinai and DOH have controlled for surveillance bias in similar ways to the FDNY investigators, though I cannot tell you how many years delay each used in counting cases. Selection bias is different for each of these cohorts, as you know.) 

With the STAC emails and the clarifying information you provided last night, it appears that there is a strong opinion among some of the STAC scientists that the FDNY epi findings for prostate cancer with or without Dr. Landrigan's statements on the Sinai findings cannot be the basis for including it on the list, even using the standard of a 51% 'more likely than not' determination. 

Tom stated yesterday in his email that we should "rely on what's known in the toxicology realm regarding potential risk of prostate cancer relative to the toxins known to be present." Does the draft recommend inclusion of prostate cancer based on the presence of Arsenic and inorganic arsenic compounds or Cadmium and cadmium compounds in WTC dust/smoke, and IARC's determination that there is limited evidence that exposure can cause prostate cancer in humans? 

I may have further questions/comments, but first I need to better understand the draft's current rationale for inclusion/exclusion of cancer sites.

Valerie Dabas
Thu 3/1/2012 10:12 AM
Should we be having these these discussions via  e-mail in light of the FACA requirements?  Will the correspondence be available to the public on the NIOSH website? 

Paul Middendorf [sent to Valerie Dabas]
Thu 3/1/2012 10:18 AM
I think we’re ok because the whole committee is acting as a working group in developing the document (which is how the committee decided to act during the first meeting in November), and working groups do not have to do their work in an open meeting.  The whole document under consideration will be posted on the website several days ahead of time and will be presented and discussed in an open meeting.  A synopsis of the discussions that will have taken place within the work group will need to be presented in the open meeting.  The public will have their opportunity to make comments on the document, and at the meeting each member will have their opportunity to further discuss the document.  What the working group cannot do is take a vote and decide the document is the “final version” until it is discussed in the open meeting.  During the open meeting changes can be made to the document and then a vote can be taken.
I have a discussion scheduled with the attorney this afternoon and will add this issue to the list, and then I’ll send something out to the whole group on this because if you’re concerned, then likely others are, too.
Susan Sidel
Thu 3/1/2012 11:13 AM
I second Valerie's concerns even though we are a "working group". 

That said, I'm wondering if we are going to need another phone meeting (for just a few extra hours) to review our letter and continue our robust discussion 
and if so, we should set that up now. 

Our thinking doesn't have to be "all or nothing"  on prostate. If someone is young and sick with other WTC conditions, 
that particular early onset prostate cancer may be related to WTC exposure. We could have criteria 

Also...we need to merge the document b/c several edits are not in later versions.

Julia Quint
Thu 3/1/2012 11:34 AM
I am still editing the document.  When I am done, I will incorporate all of my edits into the latest edited version.  Thanks.

Guille Mejia [sent to Paul Middendorf]
Thu 3/1/2012 1:44 PM
Thanks for the clarification. 

Elizabeth Ward
Thu 3/1/2012 3:00 PM
Thanks for your question.  I think it will help clarify the process for all of us. 

Prostate was listed in the original draft based on two criteria; the results of the FDNY study and the IARC listing  of "limited evidence" in humans for cadmium and arsenic.  One of the reasons I thought it was useful to compile Table 3 with evidence from all 3 sources was to get a picture of how strong the evidence is for different sites. When I compiled the draft and the table, I tried to use a very wide screen, for example, I included sites where there positive data in the FDNY study, even is some were not statistically significant.  We didn't really have the opportunity to discuss the evidence on many sites in detail at the meeting, so in essence I think the "discussion" is being carried out through the email exchanges. 

Although perhaps we didn't say it as clearly as you and Valerie did, I think we were all agreeing on the approach of using the 3 sources of evidence to compile the list but not necessarily the final list.  Now we're looking at the results that came out of using the approach and sharing views about whether we agree that all of the cancers identified should be recommended to be listed as WTC-related conditions.  We also have the opportunity to point out if any cancers were missed in error or to make a compelling case to add others that were not identified by these methods. 

Based on looking more carefully at the prostate data as well as looking at other's comments I think there are a number of factors that weaken the argument including prostate cancer: 
· As Tom pointed out yesterday, the prostate findings from the FDNY study, while showing a positive signal, really are giving a mixed message, because the risk is elevated in both WTC-exposed and unexposed and is higher in the unexposed than the exposed when the lag time correction was made.  
· As I pointed out yesterday, prostate is a cancer where medical surveillance bias is going to be huge concern because of PSA testing.  The positive signal observed in the FDNY study in WTC-exposed and unexposed could very well just be a result of being in a medical surveillance program where PSA screening is offered (Tom - do you know if PSA screening is offered?).  The same problem will apply to other studies.
· With respect to what we know about potential exposures to cadmium and arsenic, the only two IARC Group 1 carcinogens for which prostate is listed as a site with limited evidence, Glenn pointed out that in the firefighter biomonitoring study, urinary cadmium levels were lower among WTC-exposed compared to unexposed individuals (arsenic was not measured).  In the Paul Lioy samples from Cortland, Cherry and Market Street, cadmium and arsenic levels were relatively low compared to levels of many other metals (for example, around 2500 ng/g for arsenic, 5700-8500 ng/g for Cadmium vs. 142,000 ng/g for lead for example. 
· Finally, there were some cancer sites included in the Table that IARC classified as having sufficient evidence in humans and others as having limited evidence.  Prostate was based on limited evidence for both arsenic and cadmium.  When you look at the IARC monographs, the evidence is really pretty weak and inconsistent for both (see:  http://monographs.iarc.fr/ENG/Monographs/vol100C/mono100C-8.pdf and http://monographs.iarc.fr/ENG/Monographs/vol100C/mono100C-6.pdf).

I hope this clarifies my thinking and how I see the process.  I am really striving to develop a draft that captures the recommendations of the committee, and if there is a difference of opinion on some points the next draft should reflect that. 



Elizabeth Ward
Thu 3/1/2012 3:36 PM
I know that at this point multiple versions of the document are being worked on.  If everyone sends me their comments on the draft they worked on I will sort it out with the help of a science editor.  I will also need to get all of the scientific references entered etc. once we're close to a final on the March 23 draft.
Susan Sidel
Thu 3/1/2012 3:39 PM
I really appreciate all your patience in explaining all of this and sending extra info along.
We can never forget that the WTC was an extraordinary experience. We LIVED in that dust... I say that as a Volunteer at GZ and a Resident.
 287 chemicals and chemical groups  are cited in the First Periodic Review on page 39
Out of  72 IARC carcinogen present at the WTC, we chose to include only 18 carcinogens and their associated cancer sites b/c they have human data (I think I have that right?). 
I do not think we can choose among those results. I really do believe that we could create a criteria such as:
1.    Prior to prostate diagnosis, there was diagnosis and treatment of other WTC related conditions.
2.    Person is under the age of 55.
3.    The WTCHP Administrator will have to certify their prostate cancer is WTC related.
This will never be linear. Biological plausibility is just standard
Paul Middendorf
Thu 3/1/2012 4:10 PM
HI, All
I have to put on my DFO hat at this point and make sure that the committee is not moving too far into discussion of the issues.  Because the committee is working on this as a whole group rather than as a work group which is smaller than the quorum size, it complicates things.  Some of the email conversation today may be crossing the line between accumulating information for discussion at the meeting and holding a discussion by email.   The back and forth editing on the document could be problematic.
This process needs to be like the process used for the research recommendations.  The information should be one way to the Chair who will compile the information and put it together into a document.  The Chair can go back to individuals to ask for clarification or insight, but not hold a discussion with the entire group. That document will be the one that is put up on the web for the public and the committee to view and react to.  Obviously with the limited time to meet, it will be a burden to thoroughly address each issue at the upcoming meeting.

Tom Aldrich
Fri 3/2/2012 8:55 AM
Regarding PSA screening, it was part of FDNY's regular wellness exams (every 18 mo or so) ever since 1996.  Compliance was not as good pre-9/11 as post-9/11

Glenn Talaska [sent to Paul Middendorf only]
Fri 3/2/2012 3:59 PM


Paul, here is a copy of my additions to Liz's first draft.  I sent a copy to her, but have not heard that she received it.  Could you reply when you get it?  Thanks.
Catherine Hughes
Sat 3/3/2012 8:25 PM
Thank you very much, Liz, for your all your work on this draft document -- and everyone's contributions at the meeting and on this document.

Please find below a few suggested edits:
1. Bioaccumulative properties -  There should be at least some discussion addressing the bioaccumulative characteristics/impact of some WTC compounds.  For example, dioxins (characterized by the EPA as a likely human carcinogens) were present, are persistent, and bioaccumulate in human tissue.
1. Synergistic effects - There should also be a discussion addressing the synergistic impact (known and unknown) of so many toxins at elevated temperatures.
1. Where ionization smoke detectors present at the WTC?  They use a small radioactive source as a key component in detecting smoke particles.  The Radionuclide used in ionization smoke detectors is an oxide of americium-241. If so, the thin foil surrounding the americium could have been punctured and destroyed in the fire.  If so, radioactivity could have leaked into the environment.  If so, could this have had an impact on the thyroid.
1. Lip Cancer - If we are including skin cancer, then why are we also not including lip cancer when lips were equally exposed to the WTC smoke and dust? 
1. Dates that should be included in document include:
4. May 30, 2002 -flatbed trailer carried out the last steel beam from the WTC
4. February 2010 - demolition of 130 Liberty (aka Deutsche Bank) completed
1. Limitations of Cancer Sites, Sensitivity of Carcinogenic Potential and List of Carcinogens - should be included; there were chemical found in the WTC smoke and dust that may never have been tested for their carcinogenic potential. From  Cogliano's article:
5. p. 1834 -- "Further research often finds additional cancer sites....These new findings provide a compelling reason to regard every list of cancer sites as a work in progress, which may be amended if subsequent research provides strong evidence of additional cancer sites."  
5. p. 1837 -- "Further research has confirmed carcinogenic potential under conditions of lower exposure...."
5. p. 1837 -- "A Growing List of New Carcinogens ... new research continues to find additional human carcinogens...."
Virginia Weaver [sent to Liz Ward and cc’d to Paul Middendorf]
Tue 3/6/2012 2:59 PM



Based on my understanding of Paul’s emails from 3/1, I am sending directly to you (rather than the group) my inserted text on metals and VOCs (in attached) and two concerns on the rest of the document below. If Paul thinks it is appropriate to send to the whole group, I am fine with that as well.
I was not on the phone for the afternoon of the last meeting in NYC so I missed the discussion. However, I have two main concerns:
1. Reliance on Zeig-Owens to select cancer sites in Table 4. This is an important article and it has been reviewed in at least two journal clubs at Johns Hopkins so far. The concern raised in those conferences is that latency is very short and the data to date on cancer in fire fighters without WTC exposures support an increased risk of cancer from their occupational exposures. There is substantial overlap between cancer sites in Table 5 in the LeMasters meta-analysis of fire fighters (who did not have WTC exposures) (attached) and  Zeig-Owens. Tom Aldrich has already pointed this out for prostate, which is the cancer that has resulted in the most discussion among the group to date. Thus, the concern with Zeig-Owens et al. is that excluding a role for past fire fighter exposures in cancers diagnosed soon after 9/11 is difficult.  The authors discuss recent declines in exposure but, based on traditional latency, exposures pre- 9/11 are more relevant for the cancer timeframe they covered.
1. Perhaps we were told something different during the part of the meeting I missed, but it seems to me that we will likely be asked to address cancer again as a committee regardless of what we conclude now. Therefore, starting by recommending inclusion of cancers that are most scientifically supportable  (given the existing data limitations and uncertainties) and adding additional cancers in the future should result in more credibility for our conclusions than adding controversial cancers now and having the initial work product of the committee criticized in the scientific community. As we learned from the U.S. Preventive Services Task Force’s experience with mammography in women age 40-50, it is much easier to add than take away. Is there a role for a focused set of cancers initially with NCI input going forward that would allow us to end up with a final robust list?

Paul Middendorf [sent to Virginia Weaver. Elizabeth Ward,  and Emily Howell]
Tuesday, March 06, 2012 3:14 PM
I think it’s ok to share information that is being submitted for the report.  What we need to avoid is discussion of the information in the email traffic that occurs.  That discussion needs to take place, but it needs to occur in an open meeting.  The report needs to include the various viewpoints and the rationale for those viewpoints to help the program administrator when he has to make decisions.
Virginia Weaver [sent to Liz Ward , Paul Middendorf, and Emily Howell]
Tue 3/6/2012 3:17 PM
So does this mean I should send my edits to the group but not the comments below? Or both but the group can then not have an email discussion on those comments? Thanks for the clarification. 
Paul Middendorf [sent to Virginia Weaver. Elizabeth Ward,  and Emily Howell]
Tuesday, March 06, 2012 3:19 PM
Sorry, I guess I wasn’t clear enough.  I think it’s ok to share the report info, but #1 and #2 are discussion issues that should be raised in the open meeting.
Julia Quint
Wed 3/7/2012 12:04 AM




My comments on the draft letter and document are attached.  As indicated, I made substantial changes to the Mechanisms of Carcinogenesis section, so I am also including my rewrite so that it is easier to read.  A new Table 5 that I constructed and refer to in the text is also attached.  Please let me know if you have questions.

I wasn't sure whether I was supposed to send a copy of my comments to the committee, so I am only planning to send them to Susan Sidel, in response to her request.  Please let me know if that is OK or if I should circulate them to the committee.

Many thanks for your tireless efforts on behalf of our committee.  
Elizabeth Ward
On Mar 7, 2012, at 3:13 AM
Thanks Julia. You can send to the whole committee.  We just can't get into a "dialogue" via email.

Virginia Weaver [[sent to Paul Middendorf. Elizabeth Ward,  and Emily Howell]
Wed 3/7/2012 10:02 AM
Paul – So I will email my edits to the group. My remaining questions are:
1. Should I include table 5 from LeMasters in the email so people can see it if I have the opportunity to mention it during our conference call?
1. Should I add my first comment below into Table 4 as a comment before I send my edits?
Thank you
Paul Middendorf
Wed 3/7/2012 10:34 AM
As for table 5, I think if you want it shared during the meeting you should send it to me and I will be able to post it when you want to refer to it.  That way everyone can see it –including the public.    And this suggests to me that I need to send an email to everyone suggesting that if they have graphics that they will want to refer to they should send them to me so I can preload them and have them available.  Hopefully I won’t get overloaded.
You should suggest adding text to the report that will cover the gist of the comment.  If you think that adding a table demonstrating the overlap between Zeig-Owens findings and Lemasters findings would be helpful, providing that would be appropriate.
Virginia Weaver
Wed 3/7/2012 7:29 PM
Paul – here is Table 5 for posting. I’m not sure we need a table of comparisons yet. I added comment #1 as a comment in the section on Zeig Owens written by Tom Aldrich in attached. I’m not sure if it can stay as a comment. If not, I will remove it and try to raise it during the call. 
Paul Middendorf [sent to Virginia Weaver and cc’d Elizabeth Ward]
Thursday, March 08, 2012 8:53 AM
Stepping back for just a moment, my goal is to give you guidance on how to write the document, but not to tell you what to put in it.  What the report needs to do is provide the various viewpoints and the rationale for those viewpoints.  
So, I think most of the comment should be reserved for the discussion.  What should be done is to suggest wording on how you think the report should written to incorporate your thoughts while not eliminating others’ thoughts and perspectives.
If this isn’t clear enough, let me know and I’ll try to help some more.
Virginia Weaver [sent to Paul Middendorf and cc’d Elizabeth Ward]
Thu 3/8/2012 9:26 AM
Elizabeth Ward
Thursday, March 08, 2012 10:59 AM
Dear WTC STAC Committee members: 

Apparently there is some confusion about the deadline for receipt of edits on the draft document.  Here is  the timeline I sent out with the draft: 

As promised, attached please find a first draft of our response to Dr. Howard regarding the cancer petition and supporting documentation.  The references are incomplete as my reference manager program has not been working remotely so I will have to add them when I'm back in the office next week.   

Specific writing requests are highlighted in yellow for John, Glenn, Virginia, Bill, Tom, Steve M and Leo. 

Requests for additional input from the committee on several topics are highlighted in yellow as well. 

I hope everyone will provide comments on what is written so far and and on any additional topics that  should be covered. 

Please return new text and comments to me as soon as possible, but no later than March 12.  Please feel free to share comments with all members of the STAC Committee when you send them to me.   

I will revise the document and get a draft back  to you by noon on March 23. 

If there are significant disagreements or issues related to the March 23 draft, I will highlight them in an email message so everyone will have the opportunity to think them over before the call. 

Let me know if you have any questions.
Julia Quint
Wed 3/7/2012 11:15 AM




My comments on the draft recommendations on the cancer petition are attached.  A new Table 5 that I constructed and refer to in the revised text on Mechanisms of Carcinogenesis, and a copy of the Mechanisms of Carcinogenesis section (with changes saved) to which I made substantial changes,  also are attached.

Bob Harrison
Wed 3/7/2012 12:05 PM
May I suggest we place the issue of dose and duration of exposure on our agenda?  We have not mentioned anything in the current draft about whether there ought to be a "threshold" for dose or duration of exposure to WTC dust.  I like Julia's additional sentence about short term exposure (1 to 90 days) in experimental systems that can lead to cancer, but we may want to expand on this point and add some references about relatively short term exposures leading to increased cancer risks.  Relative to many worker health studies, for most individuals the WTC exposures were relatively "brief," (eg. months and not years), and our recommendations that cancer be covered under the Zadroga Act will add important foundational rationale for the concept of relatively short term exposure.

Likewise, we have not discussed the issue of latency (as defined by either the time between first exposure or last exposure to disease onset).  I am not sure if the Zadroga Act covers only newly cancers going forward (in which case latency might not be important as it is now >10 years out), but if the coverage is applied retrospectively to previously diagnosed cancers this could be important to discuss.

Virginia Weaver
Wed 3/7/2012 7:29 PM



Paul – here is Table 5 for posting. I’m not sure we need a table of comparisons yet. I added comment #1 as a comment in the section on Zeig Owens written by Tom Aldrich in attached. I’m not sure if it can stay as a comment. If not, I will remove it and try to raise it during the call. 

Virginia Weaver
Thu 3/8/2012 10:09 AM


Attached please find the text I added on metals and VOCs as well as an edit on interpretation of Zeig-Owens et al. 

Virginia Weaver
Thu 3/8/2012 10:14 AM
I agree, I think these are important items to discuss in the document as well.
Paul Middendorf
Thu 3/8/2012 10:19 AM
Because it will not be possible to add information after the meeting, and the meeting is very short, it would be best to get any suggested wording into the document that will be posted ~March 23 for discussion at the meeting.

Leo Trasande
Thu 3/8/2012 10:27 AM
Paul

Can you clarify the deadline for submitting proposed edits?

Paul Middendorf
Thu 3/8/2012 10:35 AM
The draft version to be discussed at the meeting needs to be provided to me by noon on March 23 so it can be posted on the Committee's website.  This will allow the public a reasonable amount of time to download and read it so they can make comments to the committee if they choose.

Liz will need to address when the last of the proposed edits need to be to her so she can finish the draft for posting.

Any final content changes must occur during the open meeting.  Only minor copy editing changes can be made by  the Chair (or whichever committee member is designated to accomplish that task) after the meeting.

Let me know if I need to clarify anything further.

Julia Quint
Fri 3/9/2012 2:19 PM


I found another reference related to the duration of exposure and cancer.  I have attached my additional edits (in bold) to the information in the draft on pages 4 and 5.  The reference is provided.
Susan Sidel
Tue 3/13/2012 5:07 PM


Follows are some comments and questions as well as my edit. 

 1.   	 It seems no on has just one WTC health issue: do we know many issue most R’s and S’s have on average?
2.	 With the afore mentioned in mind, will the existence of multiple chronic illnesses compromise the body’s ability
	 to  fight cancer and withstand treatment and cancer drugs?
3. 	In the case of cancers unrelated to the WTC,  if treatment is drawn out due to pre-existing WTC health issues, is that an issue we should address?
4. 	Do we know how many people in the various populations receive chest X-rays versus CT Scans? 
5. 	Should STAC explore the collection and filtering of WTC data in real-time by the WTCHP's. 
	For many reasons including lack of funding, it was not feasible for the programs to do this work.	Has that changed?
On another note, I am really moved by the time and energy  you all have dedicated to writing and reviewing this paper. 
Thank you so much.
Elizabeth Ward
Mon 3/19/2012 6:55 PM


 
Dear STAC members: 

Thank you all for your comments and contributions to drafting the recommendations.  I am attaching a draft of the document in which I have tried to capture all comments and additions: 

A couple of important points to understand before you start reading: 
· Based on the comments received, Paul and I thought it would be best to allow the committee to discuss and vote on the option of including all cancers again before discussing the alternative of listing only specific sites and discussing (and then voting on) the rationale for each.  Thus, the draft text for both options is included in the draft  cover letter to Dr. Howard.  If we do choose to list all cancers, we can use the text regarding evidence for specific sites or site groupings as supplementary material. 
· I ran out of time to complete my final editing of the document so the last sections still need work, and there are still formatting problems and references to add, especially later in the document.  I will be working on these problems.  I recognize that some of the table numbers in the text need correction as I was vacillating about whether the newly added Table 1 should stay in or go out.   
· As has been pointed out by some committee members, there are some inconsistencies between NIOSH's lists and my lists for some agents and cancer sites.  We have reconciled most of them and will add a footnote that we are standardizing agents to the IARC listings and relying on the IARC evidence for human cancer sites.  There is still one important inconsistency on whether to list 2,3,7,8-TCDD, which is currently included in Table 2 and 4, which I created, but not in the NIOSH list.  I only realized this inconsistency today, so need to get with Paul and Glenn to figure out what to do (I know why the inconsistency occurred based on reading the NIOSH document but it may (in my opinion) make sense to include it and note the reason for the inconsistency, especially since it has some bearing on the arguments for whether to include cancer of all sites). 
· Please read through the document as a whole before commenting.  I really tried hard to incorporate everyone's perspectives even though you may not see specific suggestions incorporated at the exact place you would expect to find them. 
· 
In commenting on this version, please note that this document should capture a synopsis of the views and perspectives of the committee on the petition to add cancer, or a type of cancer, to the list of WTC-related conditions in the Zadroga Act, the recommendation(s) of the committee at this time, and the underlying scientific rationale for the recommendation(s).  The purpose of circulating the document at this point is: (1) to give you the opportunity to bring to my attention any serious omissions or errors before the document is posted for public comment on March 23 and (2) to give you the opportunity to let me know if you feel that the draft does not adequately express your views & suggest specific revisions if it does not.  Please try to have any comments to me by noon on Wednesday March 23 so I can have time to incorporate them in the draft for public comment.   

It is important that everyone understands that any revisions to the document posted on March 23 must be made and approved by the committee during the March 28 meeting.  The time we have available for the meeting is limited, so committee members should not attempt to restate all of the issues and details of their perspectives that were addressed and expressed in the previous meetings because those are already part of the public record in the transcripts.  The Program Administrator has access to all of those documents and can use them as needed to inform decisions going forward.  During the meeting the committee members should focus on whether the document summarizes those perspectives and suggest edits needed to ensure the concepts are embodied in the document.  Major editing will not be possible during this short meeting, so some judgment should be exercised to suggest changes that substantively alter the document rather than minor issues. 

In addition to the draft recommendations in a Word document, I am also circulating a PDF of a Table from a meta analysis of studies of cancer in firefighters which Virginia suggested that I add.  The document also makes reference to an Appendix with site and histology codes for lymphatic and hematopoeitic cancers which I will add to the final document. 

Thanks in advance for your understanding of any rough spots in the document. 
Bob Harrison
Tue 3/20/2012 1:12 AM

thanks Liz this looks very good to me.  I have 2 general comments:

1- I am still not clear on the issue of latency as it pertains to the Zadroga Act.  If our recommendations eventually are accepted and become regulation, will cancers be covered retroactively?  If this is the case, the issue of latency for solid tumors becomes important (generally I believe the literature would support at least 10 years).  If cancers are only covered prospectively, then this issue is moot.  Can you or Paul clarify that point?

2- I recommend making a distinction between non-Hodgkin and Hodgkin lymphoma.  I believe the epi and animal data in support of the latter is weaker, and so we ought to recommend covering only the former.   I suspect that is what we intended, but now the document states "lymphoma" which may be unclear.  The most current classification system is the WHO 2008.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the List as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).	Comment by Guille: I do not think that firefighters should be singled out as many other occupational groups experienced the same exposures… should just say rescue, recovery, clean-up and restoration workers

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members. 	Comment by Guille: Should we say something about the mixtures present that probably exacerbated the exposures and risks?

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs jobs/tasks performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by Guille: Should not be limited as workers at the landfill and the barge area are also eligible… 

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals residents returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 	Comment by Guille: If possible can we mention that many NYC government offices are housed in buildings below Canal Street, and many workers were required to return before any decontamination/cleaning took place and without PPE? 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?	Comment by Guille: Heavy machinery and power tools brought onto the site added to the exposures.

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)	Comment by Guille: Can we also say mineral?

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].	Comment by Guille: How about the Lisa Coussens and Zena Werb article titled Inflammation and cancer.  Published in Nature. 2002 December 19; 420(6917): 860-867 

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

[bookmark: _GoBack](Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.






References and their abstracts

[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [why not also Hodgkin’s?]

· Multiple myeloma

· Leukemia

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

[bookmark: _GoBack]These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated

Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability likelihood of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, Wwhile exposure data that fully characterize exposure are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures did in fact occurred.  Furthermore, biological mechanisms of disease  that are associated with Many WTC-related conditions are associated withinclude inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC should be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [why not also Hodgkin’s?]

· Multiple myeloma

· Leukemia [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

[bookmark: _GoBack]These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated

Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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[bookmark: _GoBack]John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability of developing some cancers. This conclusion is based on the presence of known and potential carcinogens 72 agents identified as causing cancer by the International Agency for Research on Cancer (IARC) and/or the National Toxicology Program (NTP) in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site.  Fifteen of the agents are classified as known to cause cancer in humans, 37 are classified as reasonably anticipated to cause cancer in humans, and the remainder is classified as probable or possible human carcinogens.  Most of the carcinogens are genotoxic, which means that any exposure to these agents theoretically increases the risk of developing cancer.  In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis.  In support of cancer induction through an inflammatory process, WTC dust causes time and dose-related increases in the formation/release of pro-inflammatory cyotkines/chemokines in human cells that is consistent with the activation of cytokine induction signaling pathways.

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers based on the incomplete and limited epidemiological data available to identify specific cancers, and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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Lead Time and Overdiagnosis in Prostate-Specific
Antigen Screening: Importance of Methods and
Context

Gerrit Draisma, Ruth Etzioni, Alex Tsodikov, Angela Mariotto, Elisabeth Wever, Roman Gulati, Eric Feuer,
Harry de Koning

The time by which prostate-specific antigen (PSA) screening advances prostate cancer diagnosis, called
the lead time, has been reported by several studies, but results have varied widely, with mean lead times
ranging from 3 to 12 years. A quantity that is closely linked with the lead time is the overdiagnosis fre-
quency, which is the fraction of screen-detected cancers that would not have been diagnosed in the
absence of screening. Reported overdiagnosis estimates have also been variable, ranging from 25% to
greater than 80% of screen-detected cancers.

We used three independently developed mathematical models of prostate cancer progression and detec-
tion that were calibrated to incidence data from the Surveillance, Epidemiology, and End Results program
to estimate lead times and the fraction of overdiagnosed cancers due to PSA screening among US men
aged 54-80 years in 1985-2000. Lead times were estimated by use of three definitions. We also compared
US and earlier estimates from the Rotterdam section of the European Randomized Study of Screening for
Prostate Cancer (ERSPC) that were calculated by use of a microsimulation screening analysis (MISCAN)
model.

The models yielded similar estimates for each definition of lead time, but estimates differed across defini-
tions. Among screen-detected cancers that would have been diagnosed in the patients’ lifetimes, the
estimated mean lead time ranged from 5.4 to 6.9 years across models, and overdiagnosis ranged from
23% to 42% of all screen-detected cancers. The original MISCAN model fitted to ERSPC Rotterdam data
predicted a mean lead time of 7.9 years and an overdiagnosis estimate of 66%; in the model that was cali-
brated to the US data, these were 6.9 years and 42%, respectively.

The precise definition and the population used to estimate lead time and overdiagnosis can be important

drivers of study results and should be clearly specified.

J Natl Cancer Inst 2009;101:374-383

Almost 20 years after its introduction, prostate-specific antigen
(PSA) screening remains controversial. Randomized controlled
trials are still ongoing in the United States and Europe, and it will
be several years before efficacy results become available (1,2).
Although prostate cancer mortality rates have declined in some
countries with high use of PSA screening, such as the United
States, mortality rates are also dropping in other countries with
relatively low use of PSA screening, such as the United Kingdom
(3). Other factors besides screening may be affecting mortality,
including changes in treatment practices and early detection of
recurrent disease.

As the debate about the benefits of PSA screening continues,
there is growing recognition of its costs. One of the chief drivers of
the costs of PSA screening is overdiagnosis—the detection of latent
disease that would not have been diagnosed in the patient’s lifetime
in the absence of screening. Overdiagnosis is a particularly impor-
tant issue in prostate cancer screening because the latent preva-
lence of disease, as estimated from autopsy studies, is much higher

374 Articles | JNCI

than its incidence in the absence of screening. Therefore, there is
a large pool of silent cancers that could potentially be detected by
screening. Because it is not usually clear whether a screen-detected
cancer has been overdiagnosed, many overdiagnosed patients
receive curative treatment (surgery or radiation therapy), which is
associated with substantial costs and morbidity (4).
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The frequency of overdiagnosis is associated with the time by
which screening advances diagnosis, also called lead time. Because
prostate cancer is often a slowly developing disease, PSA screening
can be associated with lengthy lead times. The longer the lead
time, the greater the likelihood of overdiagnosis. Thus, estimating
the lead time is often a critical step in estimating the frequency of
overdiagnosis.

Estimates of lead time and overdiagnosis due to PSA screening
have been obtained from various sources. Several studies that used
stored serum samples found mean lead time estimates ranging
from 3 to more than 7 years (5-7); more recently, Tornblom et al.
(8) estimated a median lead time of 11 years. Other studies esti-
mated lead times on the basis of a comparison of detection rates in
a population-based trial setting with baseline incidence, producing
mean lead times between 5 and 12 years (9,10). Further investiga-
tions used models to explicitly link PSA screening frequencies with
population trends in prostate cancer incidence as reported in the
Surveillance, Epidemiology, and End Results (SEER) program
(11-13) of the National Cancer Institute. In these studies, mean
lead time estimates ranged from 3 to 7 years. Overdiagnosis esti-
mates ranged from 25% to 84% of all screen-detected cancers
(10,12-14).

It is clear that published lead time and overdiagnosis estimates
vary considerably across studies. There are at least three reasons
for this variability: 1) the context of the estimates, including
population, epidemiology of the disease, and the way screening is
practiced in those populations (eg, PSA level cutoffs and biopsy
practices); 2) the definitions of lead time and overdiagnosis used;
and 3) the methods used to calculate the estimates. The goal of this
article was to explore each of these three factors as we investigate
why different studies have yielded different results.

We estimated lead time and overdiagnosis within a specific popu-
lation setting, namely, the US male population aged 50-84 years
in 1985-2000. To investigate the influence of the definition of
the lead times on the estimates, we considered three definitions of
lead time (non-overdiagnosed, censored, and uncensored, as
defined in “Methods”).

The estimates presented were developed using three models that
link PSA testing trends with population incidence rates: the model
developed at the Fred Hutchinson Cancer Research Center
(FHCRC) (11,12), the model developed at the University of
Michigan (UMich) (13), and the microsimulation screening analysis
(MISCAN) model developed at Erasmus MC in Rotterdam
(10,15,16). The use of multiple models allowed us to produce robust
results while exploring the influence of estimation methodology.

The FHCRC and UMich models were originally developed to
study prostate cancer incidence and mortality in the United States.
In contrast, the MISCAN model was originally based on baseline
incidence in the Netherlands and results of the Rotterdam section
of the European Randomized Study of Screening for Prostate
Cancer (ERSPC) (10,15). Thus, to enable comparisons with US
data, the MISCAN model was calibrated to SEER incidence data.

This study was carried out in collaboration with the Cancer
Intervention and Surveillance Modeling Network (CISNET;
http://cisnet.cancer.gov/) of the National Cancer Institute. The
primary goal of CISNET is to use modeling to quantify the roles
of prevention, screening, and treatment in explaining cancer inci-

jnci.oxfordjournals.org

CONTEXT AND CAVEATS

Prior knowledge

Estimates of lead time, which is the time that screening advances
cancer diagnosis, and overdiagnosis, the detection by screening of
cancers that would not be detected in the absence of screening, are
highly variable for prostate cancer screening using prostate-
specific antigen (PSA) testing.

Study design

Lead times and fractions of overdiagnosis for PSA testing of US
men aged 54-80 years in 1985-2000 were estimated using three
models of prostate cancer progression and detection calibrated to
the Surveillance, Epidemiology, and End Results program.
Estimates of lead times using different definitions were compared
across models.

Contributions

Estimated lead times ranged from 5.4 to 6.9 years and were similar
across models but different according to the definition used.
Overdiagnosis ranged from 23% to 42% of all prostate cancers
detected by PSA testing.

Implications

When reporting lead times in screening studies, the definition of
lead time used can impact the outcome and thus should always be
specified.

Limitations

A portion of the PSA screening tests included in the models was
likely performed for diagnostic purposes after prostate cancer
diagnosis. The estimates are imperfect, and it is unknown in which
direction they may be biased.

From the Editors

dence and mortality trends. A key feature of the CISNET collabo-
ration is that the models are developed independently, but modelers
use standardized inputs and share details of model development to
understand and explain any differences in model results.

Methods

Definitions of Lead Time and Overdiagnosis

The standard definition of lead time is the interval from screen
detection to the time of clinical diagnosis, when the tumor would
have surfaced without screening. However, patients with screen-
detected cancers may die from other causes before the time of
clinical diagnosis. This is called overdiagnosis. In this article, over-
diagnosis is expressed as a percentage of all screen-detected can-
cers, unless otherwise specified. Because lead times are not directly
observable, surrogate measures are often used, and as a conse-
quence, estimates of lead time may refer to different quantities.
Three variants exist for both lead time and the related concept of
sojourn time—the time from disease onset to clinical diagnosis.
Non-overdiagnosed lead times are calculated only for non-
overdiagnosed cancers, that is, those for which the date of clinical
diagnosis precedes the date of death (Figure 1, A). Censored lead
times are calculated for both non-overdiagnosed cancers and over-
diagnosed cancers, with lead times for overdiagnosed cancers
censored at the date of death from other causes (Figure 1, B).
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Figure 1. Lead time, sojourn time, and overdiagnosis. A) Non-
overdiagnosed prostate cancers. B) Overdiagnosed prostate cancers. A
non-overdiagnosed cancer patient is clinically diagnosed (CD) before
dying from any cause (AC Death), whereas an overdiagnosed cancer
patient dies of other causes (OC Death) before being clinically diagnosed.
Lead times (L) begin at screen detection (SD), and sojourn times (S) begin
at disease onset (Onset). Non-overdiagnosed lead and sojourn times (L
and S,) are calculated only for non-overdiagnosed cancers. Censored
lead and sojourn times (L. and S;) are calculated for both non-overdiag-
nosed cancers and overdiagnosed cancers, with times for overdiagnosed
cancers censored at OC death. Uncensored lead and sojourn times (L,
and S,) are also calculated for both non-overdiagnosed cancers and
overdiagnosed cancers, with times for overdiagnosed cancers uncen-
sored at OC Death. Note that the overdiagnosed cancers might include
nonprogressive cancer or “insignificant” cancer, for which clinical diag-
nosis would “never” happen, even in the absence of other-cause mortal-
ity. CD = clinical diagnosis; SD = screen detection; AC Death = death from
any cause; OC Death = death from other causes; Onset = disease onset
time, when the tumor becomes detectable by screening.

Uncensored lead times are calculated for both non-overdiagnosed
cancers and overdiagnosed cancers. The lead times for overdiag-
nosed cancers are not censored at the date of death from other
causes (Figure 1, B). As might be expected, there is a major differ-
ence between lead times that are estimated only for non-
overdiagnosed cancers and lead times that are estimated for both
overdiagnosed cancers and non-overdiagnosed cancers. A draw-
back of many studies that estimate lead time is that the precise
definition used is not made explicit.

To reconcile published estimates of lead time and overdiagno-
sis, we applied modeling approaches to estimate these three defini-
tions of lead time. Before describing the models, however, it is
useful to compare the definitions and to consider when each might
be appropriate.

First, the mean lead times that are based on the three definitions
are related—the mean non-overdiagnosed and mean censored lead
times will always be shorter than the mean uncensored lead time.
Thus, if a relatively high value is estimated by use of one definition,
estimates that use the other definitions will also be high, in general.
Second, of these three definitions, only the uncensored lead time is
independent of age. Because of increasing mortality from other causes
with age, both mean censored and mean non-overdiagnosed lead
times decrease with age, whereas the risk of overdiagnosis increases.

Each definition of lead time is useful in the appropriate setting.
The non-overdiagnosed lead time applies to the population of
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patients for whom screening is potentially beneficial and as such is
valuable in designing screening schedules and in studies of potential
or actual screening benefit. The censored lead time applies to the
entire screen-detected population and reflects the extra time that
patients must live with the knowledge that they have prostate cancer
and the consequences of diagnosis and possibly treatment. Therefore,
censored lead time is an important indicator of morbidity associated
with screening and will be particularly relevant if the screening ben-
efit is minimal or modest. The uncensored lead time is useful
because it applies to death from the disease itself, in the absence of
other causes. The uncensored lead time is closely linked to overdiag-
nosis because overdiagnosis may be defined as corresponding to the
occurrence of other-cause death within the uncensored lead time.

Modeling Population Incidence for Inference About Lead
Time and Overdiagnosis

The pattern of disease incidence in a population undergoing
screening for the first time is well established (17). Initial dissemi-
nation of the screening test leads to an increase in disease inci-
dence; as use of the test stabilizes, incidence declines. The height
and width of the incidence peak following the introduction of
screening provide information about the lead time associated with
the test and, together with the trend in incidence following the
peak, also provide information about the frequency of overdiag-
nosis (18). However, extracting information about lead time and
overdiagnosis from population incidence trends requires knowl-
edge of trends in population screening and a quantitative mecha-
nism that links screening in the population with disease incidence
patterns. In this analysis, we used common data sources and three
different models to estimate lead time and overdiagnosis associated
with PSA screening in the United States.

Although the three models have been independently developed,
each builds on a concept of the natural history of the disease that
includes onset, progression, and diagnosis in the absence of screen-
ing. The natural history models are described below. The param-
eters of the natural history models are estimated so that the
incidence of disease that is projected by the model matches the
incidence observed in the SEER population. This estimation pro-
cess is termed model calibration. The calibrated models are then
used to produce estimates of mean lead time and overdiagnosis,
either analytically or via simulation. For validation purposes, each
model also projects the number of screening tests and the total
incidence of prostate cancer among men aged 50-84 years in
1985-2000.

Prostate Cancer Incidence and Screening Frequencies

The models are calibrated to the incidence of prostate cancer by
age, stage, and calendar year. These data were obtained from the
nine core catchment areas (SEER 9) of the SEER registry (http://
seer.cancer.gov/). For the dissemination of PSA screening, we used
the results of Mariotto et al. (19), who retrospectively constructed
PSA screening histories in the population by use of survey data
from the 2000 National Health Interview Survey (20) and claims
data from the linked SEER-Medicare database (http://healthservices.
cancer.gov/seermedicare/). PSA screening started in the late 1980s
and increased to a level of 30% of the male population aged 50-84
years by the year 2000. The frequency of the first PSA tests peaked
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in 1992, when approximately 12% of the male population aged
50-84 years had their first test (Figure 2).

All models use the maximum likelihood method for estimating
some (MISCAN and FHCRC) or all (UMich) parameters.
Specifically, the models predict the counts of cancers by calendar
year, 5-year age group, and stage (local-regional vs distant) from
1985 through 2000, ages 50-84 years, in the SEER 9 registries.
Parameters are estimated by maximization of the likelihood of
these observed counts, assuming each count to be Poisson distrib-
uted with the predicted count as mean. This is equivalent to mini-
mization of the deviance between observed and predicted counts.
A common assumption in our models is that observed incidence
trends from 1985 through 2000 can be explained by the dissemina-
tion of PSA screening; that is, in the absence of screening, the
models assume flat incidence rates at 1985-1987 levels. Also all
models use standard US life tables that have been corrected for
prostate cancer mortality to calculate mortality from causes other
than prostate cancer.

The MISCAN Model

The MISCAN prostate model is a microsimulation model that
simulates individual life histories. In such models, lead time and
overdiagnosis estimates are obtained by simply tallying the rele-
vant events. For example, the overdiagnosis frequency was esti-
mated by counting the proportion of patients who have a date of
screen-detected prostate cancer whose date of other-cause death
would have preceded the date of clinical diagnosis if there had been
no screening. Cancer development is modeled as a semi-Markov
process, generating transitions from one state to the next. In addi-
tion to the healthy state, there are nine states in the natural history
of prostate cancer that are derived from combinations of clinical
stage (T'1, T2, and T3) and Gleason grade (well, moderately, and
poorly differentiated) (10,15,16). Most parameters in the MISCAN
model were based on results of the Rotterdam ERSPC trial
(15,16). For calibration to SEER 9 incidence from 1985 through
2000, several parameters were changed and estimates specific for
the US population were obtained via maximum likelihood estima-
tion. The final calibrated model differed from the Rotterdam in
two aspects: we assumed and estimated a lower sensitivity of PSA
screening in the United States, and we added and estimated an
extra stage-specific risk of clinical diagnosis, implying an earlier
diagnosis of prostate cancer in the absence of screening in the
United States. Note that in the MISCAN model, the PSA test and
subsequent biopsy are modeled as a single test, with stage-specific
sensitivities. We also converted the disease stages from T1-T3 to
the SEER local-regional and distant stages and reestimated the
stage- and grade-specific risks of transition from local-regional to
metastatic disease.

The FHCRC Model

The FHCRC model explicitly links individual PSA levels and
prostate cancer progression events, including disease onset, metas-
tasis, and clinical presentation (22). We assume that individual
PSA levels increase linearly (on the natural logarithmic scale) with
age and that the slope of the increase changes after the time of
disease onset. The link between the rate of increase of the PSA
concentration and disease progression formalizes the intuitive
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Figure 2. Dissemination of PSA screening. The graph presents the age-
adjusted [to the US standard million (21)] frequency of first PSA tests
and repeat tests in men aged 50-84 years. Rates are based on the
results of Mariotto et al. (19). PSA = prostate-specific antigen.

notion that an individual whose PSA level is increasing very slowly
is likely to have a longer interval before his disease spreads beyond
the prostate. This approach is similar to models in which the risk
of disease progression is assumed to depend on tumor size (23,24),
but the tumor size variable is replaced with an individual-specific
marker trajectory (22,25-27). Ages at disease onset, transition from
localized to metastatic disease, and clinical presentation are con-
trolled by corresponding hazard functions. We assumed the hazard
of disease onset to be proportional to age, the hazard of transition
from a local-regional-stage tumor to a distant-stage tumor to
increase with the PSA level, and the hazard of transition from a
preclinical state to clinical diagnosis also to increase with PSA level
and greater when the disease becomes metastatic.

PSA concentration curves and within- and between-individual
variances were estimated by use of data from the Prostate Cancer
Prevention Trial (28), which conducted annual screening of 18000
men for up to 7 years. To project disease incidence, we simulated
a population of natural histories and superimposed PSA screening
tests according to schedules that were projected by the results of
Mariotto et al. (19). A biopsy is recommended for men with a PSA
level of 4.0 ng/mL or greater. The rate of compliance with the
recommendation is based on data from the Prostate, Lung,
Colorectal and Ovarian Cancer Screening Trial (29), a 23-year
trial including PSA screening for 37000 men. Finally, biopsy sen-
sitivity improves across calendar years based on a literature review
of biopsy schemes. Given individual PSA trajectories, screening
schedules, and biopsy compliance and sensitivity patterns in
the population, the hazard rate parameters were estimated from
SEER 9 incidence and stage distribution by use of maximum likeli-
hood methods. After calibration, estimates of mean lead time and
overdiagnosis were computed via simulation.

The UMich Model
The UMich model is a statistical mixed model that was specifically
designed to allow estimation of its parameters directly from cancer
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registry data representing population incidence (13). The natural
history of the disease is taken to consist of healthy, preclinical, and
clinical or diagnosed states. If screening schedules were known in
the population, the UMich model would be similar to classical
statistical models of cancer screening (30,31). But because indi-
vidual screening schedules are unknown, incidence rates are calcu-
lated by averaging across the distribution of screening schedules
and the distribution of random natural histories. The model
parameters include the sensitivity of the screening test, the distri-
bution of age at tumor onset, and the distribution of the sojourn
time in the preclinical state.

Test sensitivity is assumed to be an increasing function of the
time since tumor onset, and Weibull distributions are assumed for
the distribution of age at tumor onset and the sojourn time distri-
bution. Given age at onset, cancer detection by screening is
assumed to represent an independent risk that competes with the
sojourn time. However, because the tumor onset and the screening
schedule are unobservable, the observed risks become mutually
dependent.

A multiplicative secular trend in calendar time was introduced
to model the increasing incidence pattern observed in the 1980s
before PSA testing was introduced. The trend settles at a plateau
in the PSA era, leaving the description of the dynamics in the PSA
era to utilization patterns of the test. T'o make the model amenable
to population data, a two-stage point-process model of random
PSA screening schedules in the population was built and specified
to reproduce the observed patterns of test utilization by age and
calendar time (13). The model was fit to SEER 9 incidence and
stage distribution by maximizing the likelihood for observed popu-
lation rates. After the model was calibrated, lead time and over-
diagnosis estimates were derived analytically on the basis of
expressions for the sojourn time distribution and probabilities of
related events (13).

Web Supplements
Detailed supplemental descriptions of the FHCRC and UMich
models are available at http://cisnet.cancer.gov/profiles/.

Results

Prostate Cancer Incidence

After the introduction of the PSA test for the early detection of
prostate cancer in 1987-1988, its use rapidly rose and reached a
steady rate of about 30 tests per 100 men-years in 1996 (Figure 2).
The number of men receiving their first test peaked in 1992. In
the same period, prostate cancer incidence rose from approxi-
mately 400 per 100000 men-years in 1987 to 600 per 100000 in
1996, with a distinct peak of 800 per 100000 men-years in 1992
(Figure 3), coinciding with the peak in first PSA tests. Observed
incidence was reasonably well reproduced by all three models.
The MISCAN and UMich models slightly underpredicted, and
the FHCRC model slightly overpredicted incidence in the late
1980s. Both MISCAN and FHCRC model projections lagged
behind the observed incidence peak. In the UMich model, inci-
dence after 1996 was lower than that in the other models. The
models estimated that 47%-58% of prostate cancers were screen-
detected in 2000.
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Observed and predicted incidence of local-regional prostate
cancer closely followed the overall incidence pattern (Figure 4, A).
The pattern for distant-stage incidence was different. In the nine
core SEER catchment areas, distant-stage disease incidence
dropped from 68 to 34 per 100000 between 1990 and 1995, gradu-
ally declining to 24 per 100000 in 2000, a decline of 65%. This
pattern was imperfectly reproduced by all three models, underes-
timating distant-stage disease incidence before 1990 and overesti-
mating it thereafter, predicting smaller and more gradual
declines—from 40% in the MISCAN model to 50% in the UMich
model (Figure 4, B).

Lead Time and Overdiagnosis

In the SEER 9 database, 235112 prostate cancers were registered dur-
ing 1985-2000 in men aged 50-84 years. The total number of life-
years was 42.3 million, implying a crude incidence rate of 555 per
100000 men. The MISCAN, FHCRC, and UMich models predicted
that 239000, 244000, and 230000 men, respectively, were diagnosed
with prostate cancer, respectively (Table 1). The models projected that
7.9 (MISCAN), 7.8 (FHCRC), and 7.4 (UMich) million PSA tests
were conducted in the same period and age group. An estimated 44%
(MISCAN), 42% (FHCRC), and 38% (UMich) of prostate cancers
were detected by PSA screening, and an estimated 42% (MISCAN),
28% (FHCRC), and 23% (UMich) of the screen-detected cancers
were overdiagnosed. In the MISCAN and FHCRC models, approxi-
mately 19% and 12%, respectively, of total incidence was overdiag-
nosed, whereas the UMich model estimated this to be 9%.

As expected, the estimated mean uncensored lead times were
greater than the mean censored and non-overdiagnosed lead times.
The uncensored estimates ranged from 7.2 to 10.0 years, the cen-
sored estimates ranged from 5.7 to 7.8 years, and the non-over-
diagnosed lead times ranged from 5.4 to 6.9 years. The estimates
from the MISCAN model were consistently higher than those
from the FHCRC and UMich models, but the range across models
was quite narrow for each definition of lead time.

MISCAN Model: Comparison of Results With ERSPC Data
vs Results With SEER Data

In 2003, the MISCAN group reported a mean lead time for non-
overdiagnosed cancers of 13.4 years associated with annual screen-
ing from ages 55 to 75 years, with more than 50% of all
screen-detected cancers being overdiagnosed (10). The estimates
were obtained from a model that was based on incidence in the
Netherlands before the PSA era (1991) and the cancer detection
and diagnosis rates in ERSPC Rotterdam. We calculated incidence
predictions from this model applied to the US situation, with only
screening patterns changed. The model predicted a far more pro-
nounced incidence peak than that observed (Figure 5). Following
calibration, which involved allowing lower sensitivities of the
screening test in the United States than in the trial situation in
Rotterdam and higher hazards of preclinical prostate cancer being
diagnosed in the United States than in the Netherlands, we
obtained the fitted model predictions shown in Figures 3 to 5. Of
course, estimated lead time and rate of overdiagnosis were affected
by the calibration (Table 2). With the original Netherlands—
Rotterdam parameters, the mean non-overdiagnosed lead time
would have been 7.9 years and the overdiagnosis frequency would
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Figure 3. Age-adjusted [to the US standard million (21)] incidence of prostate
cancer in men aged 50-84 years as observed in SEER 9 and predicted by each of
the models. Predicted incidence is separated into screen-detected (SD) and clini-
cally diagnosed (CD) components. A) The MISCAN model. B) The FHCRC model.
C) The UMich model. SEER 9 = the nine core catchment areas in the Surveillance,
Epidemiology, and End Results program of the National Cancer Institute;
MISCAN = microsimulation screening analysis model based on ERSPC Rotterdam,
calibrated to SEER 9 incidence; FHCRC = microsimulation model developed at
the Fred Hutchinson Cancer Research Center, explicitly linking PSA levels and
prostate cancer development; UMich = analytic model developed by A. Tsodikov
(University of Michigan); PSA = prostate-specific antigen; ERSPC = European
Randomized Study of Screening for Prostate Cancer.
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Figure 4. Age-adjusted [to the US standard million (21)] incidence in
men aged 50-84 years of local-regional-stage and distant-stage pros-
tate cancer as observed (SEER 9) and predicted by each of the models.
A) Local-regional-stage prostate cancer. B) Distant-stage prostate can-
cer. SEER 9 = the nine core catchment areas in the Surveillance,
Epidemiology, and End Results program of the National Cancer
Institute; MISCAN = microsimulation screening analysis model based
on ERSPC Rotterdam, calibrated to SEER 9 incidence; FHCRC = micro-
simulation model developed at the Fred Hutchinson Cancer Research
Center, explicitly linking PSA levels and prostate cancer development;
UMich = analytic model developed by A. Tsodikov (University of
Michigan); PSA = prostate-specific antigen; ERSPC = European
Randomized Study of Screening for Prostate Cancer.

have been 66% of screen-detected cancers; in the calibrated
model, the mean non-overdiagnosed lead time was 6.9 years and
the overdiagnosis frequency was 42%.

Discussion

The lead time and the likelihood of overdiagnosis are quantities
that are critical in the assessment of the likely benefits and costs of
any screening test; yet, in the case of PSA screening, results have
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been variable and confusing. This article is the first, to our knowl-
edge, to closely examine the reasons for discrepancies across stud-
ies. Our results clearly show that the context or population used to
derive the estimates, the definition of lead time used, and the esti-
mation methodology all have important roles.

We considered three definitions of lead time that have been
used in previous publications and showed that results differ
depending on the definition used. The uncensored definition
yields the longest estimated lead times and the non-overdiagnosed
definition the shortest. We feel strongly that for future studies to
be correctly interpreted, analysts should specify the definition used
in their publications. Other definitions have also been reported.
For example, McGregor et al. (14) defined overdiagnosis as the
detection by screening of disease that would not have led to pros-
tate cancer death. Because the majority of prostate cancer patients
do not die of the disease (32,33), the estimates of overdiagnosis due
to PSA screening reported by McGregor et al. were considerably
higher than ours, exceeding 80%.

The definition of lead time may be constrained or even dictated
by the study design. In studies that use stored serum samples, for
example, mean lead time is estimated empirically as the average
time from the first abnormal PSA test result to prostate cancer
diagnosis among the cancer patients with serum samples in the
repository. Gann et al. (5) used this method to estimate a mean lead
time of 5 years that was based on one serum sample per patient, and
Pearson et al. (34) estimated a mean lead time of 3 years by use of
serial serum samples. Note that the lead times estimated in these
studies refer to patients who were clinically diagnosed during the
study (excluding overdiagnosed cancers), that is, corresponding to
non-overdiagnosed lead time as shown in Figure 1. However, this
approach has some deficiencies. First, the estimates could be seri-
ously affected by the limited follow-up time, for example, 10 years
in Gann etal. (5). Tornblom et al. (8), for example, studied prostate
cancer incidence in Gothenburg (Sweden) in a cohort of men aged
67 years in 1980 and who had a blood sample taken in 1980. They
estimated a median lead time of 7.8 years with 12 years of follow-up
and 10.7 years with 20 years of follow-up for PSA levels of 3 ng/mL
and greater. Second, this approach assumes that cancer would have
been identified by biopsy examination at the time of the abnormal
PSA test.

There are also different definitions of overdiagnosis. From an
epidemiological or public health perspective, the standard defini-
tion is the one that we used in this analysis, namely, the event of
other-cause death before the date of clinical diagnosis. However,
the clinical literature has suggested an alternative definition,
namely, the detection of “clinically insignificant” disease—tumors
smaller than 0.2 cm?, organ confined, and with Gleason score less
than 7 (35). By this definition, the frequency of overdiagnosis is
substantially lower than that reported in the present article (36).
However, autopsy studies have shown that tumors that are clini-
cally significant in this sense have a considerable chance of going
undiagnosed during a lifetime, as recently reviewed (37). Therefore,
we argue that this alternative definition of overdiagnosis, although
potentially useful in the future, is likely premature now.

Regarding the issue of context, comparing the results from the
MISCAN ERSPC and MISCAN SEER models is revealing. Lead
time and overdiagnosis estimates from the original model that was
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Table 1. PSA screening and the diagnosis of prostate cancer in the SEER 9 population aged 50-84 years during 1985-2000, as predicted

by the three models*

Group Item MISCAN FHCRC UMich
A No. of screening tests 7919110 7769666 7433518
B No. of men diagnosed with PCt 238720 243565 230449
C No. of screen-detected cancers 106061 103058 86975
Percentage of group A 1.3 1.3 1.2
Percentage of group B 44 .4 42.3 37.8
D No. of overdiagnosed cancers 44499 28874 19872
Percentage of group B 18.6 1.9 8.6
Percentage of group C 42.0 28.0 22.9
E Lead time, y
Non-overdiagnosed, mean 6.9 5.9 5.4
Censored, mean 7.8 5.9 5.7
Uncensored, mean 10.0 (median) 7.2 8.8

* PSA = prostate-specific antigen; PC = prostate cancer; SEER 9 = the nine core catchment areas in the Surveillance, Epidemiology, and End Results program of
the National Cancer Institute; MISCAN = the microsimulation screening analysis model based on ERSPC Rotterdam, calibrated to SEER 9 incidence; FHCRC =
the microsimulation model developed at the Fred Hutchinson Cancer Research Center, explicitly linking PSA levels and prostate cancer development; UMich =
the analytic model developed by Dr Tsodikov (University of Michigan); ERSPC = European Randomized Study of Screening for Prostate Cancer.

1t Observed number of men diagnosed with prostate cancer = 235112.

based on the Rotterdam data were comparable with those pub-
lished for PSA screening in the Netherlands (10). Clearly, prostate
cancer and PSA screening in the US population seem to be differ-
ent from the trial setting in Rotterdam (see also Figure 5). Two
sets of parameters were changed: In the SEER model, the sensitiv-
ity of the screening test was lower than that in the ERSPC model,
and the hazard of clinical diagnosis higher, implying an earlier
diagnosis in the absence of PSA screening. The lower sensitivity
is justified by the lower PSA cutoff at 3 ng/mL in Rotterdam vs
4 ng/mL in the 1990s in the United States, and probably more
important, by the higher biopsy compliance rate (90%) in the
ERSPC Rotterdam study than in the Prostate, Lung, Colorectal,
and Ovarian (PLCO) cancer screening trial (approximately 40%)
(29), which is supposedly representative of US practice. Partially
counterweighting these differences may be adherence to the less
sensitive sextant biopsy scheme in ERSPC Rotterdam, whereas
US biopsy practices gradually adopted extended-core schemes.
For the assumed earlier diagnosis in the absence of PSA screening,
there is less evidence, but it allowed a higher predicted incidence
rate in 1985-1987 without raising incidence over the entire study
period. Because lead time and overdiagnosis are defined relative to
clinical diagnosis, this assumption also resulted in lower estimates,
consistent with the other models. This exercise shows that base-
line clinical incidence and the intensity of screening follow-up,
both of which may differ across populations, may be important
drivers of reported estimates of lead time and overdiagnosis in
different studies.

Another source of variation could be caused by model param-
eterization. In the multiparameter MISCAN model, it is likely that
different combinations of parameter values might fit the data
equally well, which might impact on lead time and overdiagnosis
estimates. By contrast, in the more parsimonious UMich model,
parameters are well identified and have narrow confidence inter-
vals (13). However, the impact of this source of variation is likely
to be much smaller than that of model structure and assumptions.
In this respect, the UMich model differs from both the MISCAN
and FHCRC models in that its parameter estimates are based on
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SEER incidence only, whereas in the other models, data from
other sources were also used for parameter estimation.

Finally, we discuss the role of the methods used to estimate lead
times and overdiagnosis. In the present investigation, the specific
model used plays a relatively minor role. The models yielded lead
time and overdiagnosis estimates that were fairly consistent. It is
important to note that these estimates depend on a common
assumption in all three models—the dissemination of PSA screen-
ing is assumed to be the main causal factor of incidence trends
since 1985. Although the models do reproduce overall incidence
trends, the fit is not perfect. For example, the observed reduction
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Figure 5. Age-adjusted [to the US standard million (21)] incidence of
prostate cancer in men aged 50-84 years as observed in SEER 9 and
predicted by the calibrated* and uncalibratedt MISCAN models.
*Model calibrated to SEER 9 incidence, with risk of clinical diagnosis
and test sensitivity estimated from SEER 9 incidence. tOriginal, uncali-
brated model with parameters estimated from incidence in the
Netherlands in 1991 and cancer rates observed in the Rotterdam sec-
tion of ERSPC. SEER 9 = the nine core catchment areas in the
Surveillance, Epidemiology, and End Results program of the National
Cancer Institute; ERSPC = European Randomized Study of Screening
for Prostate Cancer; MISCAN = microsimulation screening analysis.
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Table 2. PSA screening and the diagnosis of prostate cancer in the SEER 9 population aged 50-84 years from 1985 to 2000 inclusive, as
predicted by the calibrated (SEER) and uncalibrated (ERSPC) MISCAN models*

Group Item MISCAN SEERT MISCAN ERSPC#
A No. of screening tests 7919110 7799540
B No. of men diagnosed with PC8 238720 276615
No. of screen-detected cancers 106061 208763
% of group A 1.3 2.7
C % of group B 44.4 75.5
No. of overdiagnosed cancers 44499 137903
% of group B 18.6 49.9
D % of group C 42.0 66.1
Lead time, y
Non-overdiagnosed cancers, mean 6.9 7.9
Censored, mean 7.8 9.4
E Uncensored, median 10.0 19.0

* PSA = prostate-specific antigen; PC = prostate cancer; SEER 9 = the nine core catchment areas in the Surveillance, Epidemiology, and End Results program of
the National Cancer Institute; ERSPC = European Randomized Study of Screening for Prostate Cancer; MISCAN = microsimulation screening analysis.

t The MISCAN model calibrated to SEER 9 incidence from 1985 (before the PSA era) through 2000. This model uses rates of clinical diagnosis and test sensitivities

estimated from SEER 9 incidence.

F The uncalibrated MISCAN model with parameters estimated from cancer incidence in the Netherlands before the PSA era (1991) and ERSPC Rotterdam trial

results.

&8 Observed number of men diagnosed with prostate cancer = 235112.

of distant disease incidence is only partially reproduced by the
models, replicating results of Etzioni et al. (38), who, using a dif-
ferent model (not calibrated to stage-specific incidence), also
found that the model-projected decline in distant-stage incidence
was less extreme than that observed in SEER. Also, the estimates
of the mean uncensored lead time and overdiagnosis frequency are
higher than those reported by Telesca et al. (39). Assuming
observed incidence to be the sum of a smooth incidence trend in
the absence of screening and an excess incidence that is a function
of screening patterns and exponentially distributed lead times, they
obtained estimates of mean uncensored lead times of 6.34 years for
whites and 7.67 years for blacks. Telesca et al. (39) also showed
that their estimates, which were based on population incidence, are
sensitive to assumptions about background incidence. Thus, the
specific modeling approach used can be influential, although our
experience suggests that context and lead time definition are prob-
ably more important in explaining the heterogeneity of published
lead time and overdiagnosis estimates across studies.

This study has several limitations. The estimates depend on the
following assumptions: 1) All incidence trends since 1985 are due
to PSA screening, which amounts to assuming an unobserved flat
incidence rate in the absence of screening. This assumption may be
reasonable, but we do not have independent evidence to support it.
2) We assumed that Mariotto’s model of PSA testing practice (19),
which we used, is about screening tests. In the construction of her
model, all follow-up PSA tests taken after diagnosis were elimi-
nated as well as PSA tests occurring within 3 months of a previous
PSA test. A fraction of the remaining tests might be diagnostic
tests that were used to confirm a suspicion for prostate cancer. The
size of this fraction is unknown, but it would imply that the screen-
ing rate is lower than we assumed. Finally, it is clear that these
models were not perfectin predicting observed incidence. Incidence
as predicted by the models show a lag of 1 or 2 years with respect
to observed incidence, and the models fail to explain fully the
decline in distant disease. Consequently, the estimates of mean
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lead time and overdiagnosis rate will not be perfect either, although
it is not clear in what direction they might be biased.

In conclusion, we have presented estimates of lead time and
overdiagnosis from three models with different natural history
descriptions and estimation strategies, but all applied to the US
(SEER 9) population and used common inputs for PSA screening
trends and pre-PSA clinical incidence. We have highlighted the
critical roles of lead time definition, population context, and estima-
tion methodology. We propose that future studies of lead time
clearly define the specific measure used (non-overdiagnosed, cen-
sored, and uncensored) and describe key inputs (background inci-
dence, screening protocols, biopsy compliance and sensitivity) that
might differ across populations and hence might explain differing
estimates of lead time and overdiagnosis associated with PSA screen-
ing. We hope that our findings will help explain the substantial
variability in the reported estimates of these important measures.
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This study aimed to assess the mean sojourn time (MST) of prostate cancer, to estimate the probability of overdiagnosis, and to
predict the potential reduction in advanced stage disease due to screening with PSA. The MST of prostate cancer was derived from
detection rates at PSA prevalence testing in 43 842 men, aged 50—69 years, as part of the ProtecT study, from the incidence of non-
screen-detected cases obtained from the English population-based cancer registry database, and from PSA sensitivity obtained from
the medical literature. The relative reduction in advanced stage disease was derived from the expected and observed incidences of
advanced stage prostate cancer. The age-specific MST for men aged 50—59 and 60—69 years were | .3 and 12.6 years, respectively.
Overdiagnosis estimates increased with age; 10-31% of the PSA-detected cases were estimated to be overdiagnosed.
An interscreening interval of 2 years was predicted to result in 37 and 63% reduction in advanced stage disease in men 65—-69 and
50—-54 years, respectively. If the overdiagnosed cases were excluded, the estimated reductions were 9 and 54%, respectively. Thus,

the benefit of screening in reducing advanced stage disease is limited by overdiagnosis, which is greater in older men.
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Prostate cancer is the most frequently diagnosed cancer in men
and the second leading cause of cancer death in men in the
industrialised world (Zhu et al, 2006). The value of screening using
prostate-specific antigen (PSA) testing is still controversial (Ilic
et al, 2006), nevertheless there is considerable asymptomatic PSA
testing in developed countries. To quantify the likely benefits and
harms of various PSA testing regimens is relevant to an under-
standing of the natural history of the disease. A crucial parameter
in early detection is the sojourn time, the period in which the
tumour is asymptomatic but detectable by screening. This
indicates the upper limit of time by which diagnosis is advanced
by screening (lead time). Accurate estimation of sojourn time
facilitates inference on the optimum interval between screens, the
likely effectiveness of screening, and the extent of overdiagnosis.
Conceptually, overdiagnosis is the diagnosis due to screening,
which would not have led to a clinical diagnosis during the lifetime
of the host had screening not taken place (Paci et al, 2004).
Mean lead times and sojourn times due to PSA screening have
been estimated in retrospective studies that used stored blood
samples obtained from individuals who were later clinically
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diagnosed with prostate cancer (Stenman et al, 1994; Auvinen
et al, 2002) and in simulation studies (Draisma et al, 2003; Telesca
et al, 2008). However, there are no analytic estimates obtained
directly from screening data, and there are no estimates from the
United Kingdom. The only published UK study on overdiagnosis,
reported tentative overdiagnosis estimates attributable to increa-
sed diagnostic PSA testing rather than to screening, using
estimates of lead time from the literature (Pashayan et al, 2006).
In this study we use empirical data to estimate the age-specific
mean sojourn time (MST), the subsequent likelihood of over-
diagnosis, and the predicted potential relative reduction in
advanced stage disease following screening at different intervals.
These estimates are derived from prevalence screen-detected cases
and incidence of clinical cases using biostatistical and epidemio-
logical methodology, without formal mathematical modelling.

MATERIALS AND METHODS

Data on prevalent cases were obtained from the Prostate Testing
for Cancer and Treatment (ProtecT) study, an ongoing national
study of community-based PSA testing and randomised trial of
subsequent prostate cancer treatment (Donovan et al, 2003).
Prostate-specific antigen testing in the context of the Protect study
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is akin to prevalence screening. In this paper, we refer to ProtecT-
detected cases as PSA-detected cases.

In the ProtecT study, approximately 200000 men between the
ages of 50 and 69 years, ascertained through randomly selected
general practices in nine regions in the United Kingdom, were
invited for enrolment. Men with concomitant or past malignancies
or other major comorbidities that precluded enrolment in the
treatment trial were excluded. Consenting eligible men were
offered a PSA test. A PSA level of 3.0ngml™' was used as the
threshold for further investigation. All men with PSA >3.0ngml ™"
were offered transrectal, ultrasound-guided biopsy using a 10-core
lateral biopsy template. Pathologic evaluation was carried out by
specialist uropathologists in each centre. All laboratories have
participated in the UK National External Quality Assessment
Service programme for PSA testing (Donovan et al, 2003).

Data on clinically detected prostate cancer cases were obtained
from the Office for National Statistics. These data included number
of registered cases in England by year of registration and 5-year
age group between 2002 and 2005. Mid-year population estimates
for England for each year from 2002 to 2005 by 5-year age groups
were obtained from the Office for National Statistics. Age-specific
incidence of clinical prostate cancer per 10°> person years was
calculated. Individual-based data with information on clinical
stage and histological grade were obtained from the Eastern
Cancer Registry and Information Centre (ECRIC) - population-
based cancer registry in the East of England.

Prostate cancer was classified as localised disease with tumour -
node-metastasis (TNM; Sobin and Wittekind, 1997) stage T2 and
below; and regional-distant (advanced stage) disease with TNM
stage T3 and above.

Statistical analysis

The mathematical details and the relevant formulae are given
below. Our broad strategy, however, was as follows:

(1) Stratified by age, estimate the MST of prostate cancer, taking
account of sensitivity of testing, which we derived from the
literature.

(2) By combination of (1) with national statistics on death rates by
age, estimate the proportion of overdiagnosed tumours by age
and testing frequency, that is, those tumours, which would not
have become symptomatic before the host died of other
causes.

(3) From the sojourn time estimates, calculate the expected
proportions of screen-detected and interval cancers by age
and PSA testing frequency.

(4) From the stage distribution of PSA-detected tumours in
ProtecT and those in the general population, combined with
the results of (3) above, estimate the likely reduction in
advanced stage disease by age and testing frequency.

(5) Adjust the estimates in (4) by subtracting overdiagnosed cases
from the early disease cases (although we estimate over-
diagnosis from overall incidence, to obtain conservative
estimates of the benefit of PSA testing, we assume that all
overdiagnosed cases are localised stage).

The sensitivity of PSA test

The sensitivity of the PSA test was derived from the literature
(Bretton, 1994; Imai et al, 1994, 1995; Jubelirer et al, 1994; Stenman
et al, 1994; el-Galley et al, 1995; Higashihara et al, 1996; Brett, 1998;
Gustafsson et al, 1998; Hoffman et al, 2002; Mistry and Cable,
2003). Age-specific sensitivity values were estimated using a linear
regression analysis of reported sensitivity on age at testing and
PSA cut-off used, weighted by the number of individuals tested in
each study and age group. A clustered regression analysis was
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used, allowing observations from the same study to be correlated,
but assuming independence of observations from different studies.

Mean sojourn time

The mean sojourn time, the average time spent in the preclinical
screen-detectable phase, is assumed to have exponential distribu-
tion (Day et al, 1989). The instantaneous transition rate from
preclinical to clinical disease is /. The inversion of /4 is the MST. If
S is the sensitivity of the screening test, P is the prevalence of
preclinical disease, and I is the annual incidence of preclinical
disease, then from Paci and Duffy (1991)

LS

p=_"
)L,

If the MST is n years, one would expect to anticipate
approximately n years of disease incidence with a single screen
of a population, assuming good sensitivity (Day et al, 1989). As the
incidence of prostate cancer changes with age, for each age at
screen, MST was calculated as the number of years where the
cumulative incidence catches up with the preclinical incidence,
such that as I changes with age, let (1/1) =n, then we find n
such that

n
>n=¢
) S;
j=1 J

where [; = incidence in year of life j and j=1 corresponds to age
at screen.

The 95% confidence intervals (CI) on the MST were estimated
from the 95% CI on P assuming a Poisson distribution of
prevalence and assuming that the sensitivity did not contribute
mutually to the variation.

Probability of overdiagnosis

The probability of overdiagnosis, probability that a PSA-detected
case would have taken longer than the remaining lifetime to
progress to clinical cancer, can be estimated as
oM

where ¢ is the expected remaining lifetime (Paci et al, 2004). Using
expected remaining lifetimes for the UK male population in 2003 -
05, and estimates of age-specific sojourn time, age-specific
probabilities of overdiagnosis were calculated.

The 95% CI on the probability of overdiagnosis were estimated
from the 95% CI values of A.

Relative reduction in advanced stage disease by PSA
screening

Here we define clinical disease as the disease detected in the
absence of screening and preclinical disease as that detected
by screening. Using the approach of Launoy et al (1998), the
probability of diagnosing prostate cancer at screening in a
population subjected to screening (as opposed to the disease
arising clinically as an interval cancer) was derived. This estimate
is often referred to as the programme sensitivity (ps) and depends
on the screening sensitivity, the sojourn time, and the interval
between screens such that

B S(1—e™)
P = —a—98)e™)

where r =interval between screens
The 95% CI on the estimated ps was calculated using the Delta
method.
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Knowing the proportions of preclinical and clinical localised
stage prostate cancer from the ProtecT and ECRIC databases,
respectively, and the probability of diagnosing prostate cancer at
screening, it is possible to estimate the expected proportion of
localised disease E(p;) following screening. E(p;) is the sum of the
proportion of localised disease detected by screening and the
proportion of localised disease among interval cases

E(p1) = (pis * ps) + (pie(1 — ps))

where p;; proportion of localised disease detected by screening;
and p). proportion of localised disease detected clinically. We
estimated pj. from the ECRIC data. The expected proportion of
advanced disease is E(p,) =1—E(p;). The relative reduction in
advanced disease following screening is

_ E(pa)
O(pe)

where O(p,) is the observed proportion of advanced disease
detected clinically, also estimated from the ECRIC data. Assuming
that overdiagnosis occurs only in the prevalence screening and
only applies to localised disease, the relative reduction in advanced
disease following screening was estimated after excluding the
proportion of overdiagnosed cases.

The 95% ClIs on the expected RRs of advanced stage disease were
calculated using repeated application of the Delta method to the
estimated components, assuming that the proportions with
advanced stage disease were binomially distributed. To render
tractable the estimation of CIs, we had to constrain at least one
estimate as a fixed value and so with PSA test sensitivity as the
published estimates were based on large numbers and the standard
error would therefore have been very small. Further details of the
interval estimation are available from the authors (SD, NP).

RR,

Table I Number of persons screened, prostate cancers detected by age
and stage, including percentages of late stage cases based on the ProtecT
study, and the corresponding percentages for clinical prostate cancers from
the Eastern Cancer Registry and Information Centre (ECRIC), 2002—-2005

Age group
Quantity 50-54 55-59 60-64 65-69 Total
Number of persons screened® 12092 13787 10060 7903 43842
Total cancers detected” 136 347 498 563 1544
Localised stage cancers detected® 125 310 430 460 1325
Advanced stage cancers detected® 9 35 61 95 200
Stage unknown? 2 2 7 8 19
% Advanced stage (preclinical)® 6.6 10.1 12.2 16.9 13.0
% Advanced stage (clinical)® 26.1 22.5 279 28.7 269

*Data derived from ProtecT study. ®Data derived from ECRIC.

RESULTS

The average uptake of PSA testing within ProtecT was 48% in
response to single invitation; 11% of men had an abnormal PSA
result, of whom approximately 12% refused biopsy. Between
1 January 2002 and 31 December 2005, 43 842 men were tested. Of
those, 1544 (3.5%) were identified with prostate cancer. Table 1
shows the number of persons tested and cases diagnosed by age
and stage. The mean age (s.d.) of diagnosis was 62.0 (4.9) years. Of
the PSA-detected cancers, 87% were localised. In England, in the
same period, 42850 men, aged 50-69 years, were registered with
clinically detected prostate cancer and 27% of the cases presented
with advanced stage disease (ECRIC data; Table 1).

Appendix A summarises the studies used to derive the
sensitivity of PSA test at cut-off of 3.0ngml™'. Using these, we
estimated mean sensitivity for the PSA cut-off of 3.0ngml™" for
each age group, and from these, the MST by age. Results are shown
in Table 2. The estimated MSTs were 11.3 and 12.6 years for men
aged 50-59 and 60-69 years, respectively.

The probability of overdiagnosis of screen-detected prostate
cancer increased with age, from 10% (95% CI 7-11%) for the age
group 50-54 to 31% (95% CI 26-32%) for the age group 65-69
(Table 3). The lower estimates of overdiagnosis at earlier ages
reflect the greater life expectancy within which the disease could
become symptomatic. Overall, 8 out of 1000 men aged 50-69 years
undertaking PSA testing are likely to be overdiagnosed.

Table 4 shows the estimates of the proportion of prostate cancer
that could be identified at screening, by age group and
interscreening interval. For an interscreening interval of 2 years,
the proportion of cases detected by screening varied from 86 to
92% for the age groups 50-54 to 65-69, respectively. Increasing
the interscreening interval to 10 years, the proportion of cases
identified decreased; 55 and 66% for the age groups 50-54 and
65-69, respectively.

The corresponding estimated relative risks of advanced stage
prostate cancer are shown in Table 5. For different interscreening
intervals, as age increased, the percentage reduction in advanced
stage disease decreased. After accounting for overdiagnosis, the
percentage reduction in advanced stage disease was smaller. The
greatest reductions were estimated for the youngest group, 50 - 54,
ranging from 34% (95% CI 26-42%) for 10-yearly screening
starting in this age group to 54% (95% CI 41-65%) for 2-yearly
screening. The smallest reductions were seen in the age group 65-
69: 6% (95% CI 2-10%) and 9% (95% CI 0-17%) reduction with
interscreening intervals of 10 and 2 years, respectively. The
reduction in advanced stage disease was more strongly dependent
on the interscreening interval for younger age groups, due to the
lower test sensitivity in these age groups.

In other way, the findings indicate that potentially, 1.4, 1.8, and
2 advanced stage cancers could be avoided per 1000 men, aged
50-69 years, undertaking PSA testing at 10, 5, and 2 years inter-
vals, respectively. After accounting for overdiagnosis, the potential

Table 2 Estimates of sensitivity, mean sojourn time, transition rates, and 95% confidence intervals (Cl) by age group, based on prevalence screening

cancers and registered incident clinical cases, England, 2002—-2005

Age group
50-54 55-59 60-64 65-69
PSA test sensitivity 0.70 0.76 0.83 0.90
Prevalence of preclinical prostate cancer per 10° men 1124.7 25169 4950.3 71239
Cumulative incidence of prostate cancer per 10° person-years > :g 1606.7 3303.0 5981.4 7897.9
Mean sojourn time (years) (95% Cl) = [1.3 (104-122) 1.3 (10.8—122) 126 (11.8—134) 126 (11.2—13.5)

Transition rate (preclinical to clinical) (95% CI)

0.088 (0.082-0.096)

0.088 (0.082-0.093) 0.079 (0.075-0.085) 0.079 (0.074—0.089)

Abbreviation: PSA = prostate-specific antigen.
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Table 3 Expected remaining lifetime and probability of overdiagnosis and 95% confidence intervals (Cl) by age group

Age group
50-54 55-59 60-64 65-69
Expected remaining lifetime (years)* 273 230 18.9 152
Probability of overdiagnosis (95% Cl) 0.10 (0.07-0.11) 0.15 (0.12-0.15) 0.23 (020-0.24) 0.31 (026-0.32)

“Based on life table on UK males, 2003—2005, produced by the Government Actuary's Department.

Table 4 Estimated proportion of prostate cancer to be diagnosed by screening and 95% confidence intervals (Cl) by age group for different interscreening

intervals

Proportion of prostate cancer identified by screening

Age group

50-54

55-59 60-64 65-69

|O-year screening interval (95% Cl)
5-year screening interval (95% Cl)
2-year screening interval (95% Cl)

055 (0.52-057)
071 (069-0.73)
086 (0.85-0.87)

058 (0.56—0.59)
0.74 (0.73-075)
088 (0.87-0.88)

063 (061 -0.64)
0.78 (0.77-0.79)
090 (090-091)

066 (0.63-0.68)
080 (0.79-0.82)
092 (091-092)

Table 5 Predicted relative risk of advanced stage prostate cancer and 95% confidence intervals (Cl) by age group and interscreening interval, with and

without accounting for overdiagnosis

Relative risk of advanced stage

50-54

55-59 60-64 65-69

Assuming no overdiagnosis

|0-year screening interval (95% Cl)
5-year screening interval (95% Cl)
2-year screening interval (95% Cl)

Accounting for overdiagnosis
|O-year screening interval (95% Cl)
5-year screening interval (95% Cl)
2-year screening interval (95% Cl)

060 (0.52-0.70)
048 (0.38-061)
037 (0.25-0.54)

066 (0.58—0.74)
055 (0.46—0.66)
046 (0.35-0.59)

068 (0.60-0.77)
059 (0.49-0.70)
051 (0.40—0.65)

077 (0.70-0.83)
070 (0.62-0.79)
0.64 (0.55-0.75)

064 (058-0.71)
056 (048—0.64)
049 (0.40-0.59)

079 (0.75-0.83)
074 (0.68—0.80)
0.70 (0.64-0.76)

073 (0.66-081)
067 (059-0.77)
063 (0.54-0.74)

094 (090-098)
092 (0.87-097)
091 (0.83—1.00)

number of avoided advanced cancer would be reduced to 0.7, 0.9,
and 1 per 1000 PSA-tested men, respectively.

DISCUSSION

There is considerable opportunistic PSA testing activity ongoing in
the developed world. Although randomised trial evidence on the
effect of such testing on mortality from prostate cancer is not yet
available, trials will be reported in the near future. It is therefore
appropriate to address implementation issues such as different
frequencies of testing and the likely benefits and harms, notably
the reductions in advanced disease and the rates of overdiagnosis.
For the latter purposes it is necessary to estimate the sojourn time,
that is, the potential lead time achieved.

We have demonstrated a simple approach to estimate sojourn
time, and overdiagnosis from prevalence screening and population
incidence data. Our method of estimation of the MST takes account
of the changing underlying incidence with age. Our results suggest
that for men aged 50-69 years, the MST of prostate cancer is
between 11.3 and 12.6 years. These findings are in line with
estimates obtained from studies of prevalence to incidence ratios
(Etzioni et al, 1998; Auvinen et al, 2002), and simulation models
(Draisma et al, 2003; Pinsky et al, 2006). Etzioni et al (1998) reported
average sojourn time of 11.6 years using prevalence estimates based
on autopsy studies and the age-specific incidence of clinical disease
from Surveillance Epidemiology, and End Results. Auvinen et al
(2002) estimated mean lead time and then inferred the MST,

© 2009 Cancer Research UK

assuming that cancers in the first round of screening are detected on
average in the midpoint of the MST. The estimates of Auvinen et al
(2002), based on 292 cases derived from the Finnish screening trial
and expected incidence of prostate cancer, were 14.4 years (based on
age-adjusted expected incidence) and 9.3 years (based on age-
cohort-adjusted expected incidence). Draisma et al (2003), using
microsimulation modelling based on 151 screen-detected cases
derived from the results of the Rotterdam section of the European
Randomised study of Screening for Prostate Cancer (ERSPC),
showed MST of 12.7 years (range 12.1-14.2 years). However,
Draisma et al (2003) estimated the MST as the time from screen
detection to either clinical diagnosis in the absence of screening or
to death by other causes. Pinsky et al (2006) estimated MST of 16
years among the participants of the control arm of the Prostate
cancer Prevention Trial using convolution model; this higher value
could be related to adopted broader definition of clinical cases that
included men with positive digital rectal exam findings.

In our study, MST did not vary with age in the age range 50-69
years. The estimates of MST reported by Auvinen et al (2002), for
the ages at screening between 55 and 67 years, did not vary with
age; the age-specific values ranged from 15.8 to 14.6 years and 9.8
to 8.5 years (depending on the reference rates used). On the other
hand, Etzioni et al (2008) derived simulation-based estimates
showing decreasing MST with age, with estimates of 13.7 years
(range 12.9-14.5 years) for 50-59 years and 9.1 years (range 8.7 -
9.6 years) for 60-69 years. This estimate of MST is based on
screen-detected cancers that would progress to clinical disease
within the lifetime of individuals. This could account for the
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observed decrease in MST with age. In our study, while estimating
MST we did not exclude overdiagnosed cases. Our slightly longer
estimates of sojourn time in the 60-69 age group are consistent
with the higher prevalence of prostate cancer at older age.

As there will be some asymptomatic PSA testing in the
population, our sojourn times and overdiagnosis rates may be
underestimated. In a sensitivity analysis, based on the findings of
Pashayan et al (2006), we estimated the expected number of men in
England undertaking PSA testing and the proportion of the
prostate cancer diagnosis following PSA testing. Re-estimating
MST, after excluding those cases from the incidence data obtained
from ONS, increased the sojourn time by only 0.1 year. Any bias in
overdiagnosis rates is similarly likely to be small.

Our estimates of MST were derived from prevalence and
incidence data, taking into account the sensitivity of the PSA test
estimated from external data. Simultaneous derivation of the MST
and sensitivity of the PSA test would be preferable. As sensitivity of
PSA could not be derived from the ProtecT study, due to absence
of data on interval cancers, age-specific sensitivity values were
derived from the medical literature. We have estimated an overall
PSA test sensitivity of 80%, which is comparable to Hakama et al
(2007) estimate of 85% using the incidence method and based on
randomised prostate cancer screening trial in Finland.

Published PSA sensitivity values were based on sextant biopsy.
In the ProtecT study, PSA-detected cases were identified with 10-
core biopsy, which is known to have higher detection rate
(Stamatiou et al, 2007). Thus it is likely that the sensitivity values
we have used are underestimates, in which case, the derived MST
values are likely to be overestimates.

Our results suggest that overdiagnosis increases with age, partly
due to our assumption of a homogeneous model of sojourn time
within each age group, and to the fact that the observed prevalence
to incidence ratio was similar in all age groups. Because of this, the
long sojourn time estimated for all age groups means that the older
subjects are more likely to die of other causes before symptomatic
diagnosis. In future we plan to model the sojourn time as a mixture
of populations within each age group. This may give more
substantial overdiagnosis estimates at younger ages.

We estimated that 10-31% of the screen-detected cases would
not have been diagnosed in the absence of screening. Here we have
defined overdiagnosis as the detection of tumours, which would
never have been diagnosed in the absence of screening (Paci et al,
2004). There are other measures, such as the number of tumours
detected, which did not result in saving of life (McGregor et al,
1998). The latter estimate would be a higher proportion of tumours
than that estimated using our definition (Frankel et al, 2003). This
quantity will be the subject of future research on this cohort.
Draisma et al (2003) reported higher estimates (27-47%) for ages
55-67 years, but apply specifically to the 1991 situation in the
Netherlands with respect to clinical detection of prostate cancer.
Telesca et al (2008), defining probability of overdiagnosis for a
screen-detected case as the probability of dying of other causes
during the lead time and using simulation modelling, reported
3-14% overdiagnosis. However, these estimates were for a
simulated mean lead time of 4.5 years.

Our results indicate that with a 2-year screening interval, 85% of
prostate cancer cases could be screen detected. The estimated
benefit from screening, in terms of reducing advanced stage
disease, ranged from 37% at ages 65-69 years to 67% at ages
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50-54 years. When excluding overdiagnosed cases, the estimated
benefit was further reduced to 9 and 54% for the age groups 65-69
and 50 - 54 years, respectively. Etzioni et al (2008), in a population-
based simulation model, projected a 52% decline in distant stage
incidence with PSA screening.

Further research is needed to assess the implications of stage shift
on mortality reduction. ERSPC (Draisma et al, 2003), Prostate,
Lung, Colorectal and Ovarian Cancer Screening Trial (Andriole
et al, 2005), and the Comparison Arm for ProtecT (Metcalfe et al,
2008) in the upcoming years will provide a definite answer on the
benefits of prostate cancer screening in reducing mortality.

The figures in Table 5 suggest that screening at later ages (in
particular from age 65) may have only a minor effect on incidence of
advanced stage disease after taking overdiagnosis into account.
They also suggest that the frequency of screening becomes less
influential on the incidence of advanced disease with increasing age.
This is apparently a result of poorer screening sensitivity rather than
shorter sojourn time in the younger age groups. Another target for
future research is estimation of the absolute benefit of screening at
different ages, and the absolute incremental benefit of screening at
earlier ages in addition to later ages. For example, for the men aged
65-69 years at screening in our study, what would have been the
additional benefit of a screen 5 years earlier?

Our estimates were based on1544 PSA-detected cases, and on a
testing strategy that had a PSA cut-off of 3ngml ™' and 10-core
biopsy. Though there is no screening programme in the United
Kingdom, there is ad hoc PSA testing (Pashayan et al, 2006). Thus,
our incidence data also included patients diagnosed by PSA
testing, although not in the context of formal screening. Incidence
data depend on the frequency of PSA testing, prostate biopsy, and
the biopsy protocol. Despite these limitations, our estimates are
broadly comparable to published estimates derived from Europe
and the United States of America.

In the absence of a screening programme and ongoing ad hoc
PSA testing in the United Kingdom, our findings give indications
to the natural history of prostate cancer and have implications for
design of demonstration projects and research studies, pending the
results from randomised controlled screening trials. Our results
indicate that for men aged 50-69 years, the MST does not vary
with age. The proportion of cases that can be detected by screening
increases with age. However, the benefit of screening in reducing
advanced stage disease is limited by overdiagnosis, which is
greater at older ages.
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Appendix A

Description of the studies used to derive age-specific sensitivity of PSA test

PSA cut-off Sensitivity

Paper Age Study size (ngml™") % Study setting
Stenman et al (1994) Retrospective analysis of serum PSA in case—control study (Finland)
54 5912 3 58
71 1292 3 55
54 5912 4 58
71 1292 4 55
el-Galley et al (1995) Linking PSA to prostate biopsy data (USA)
45 168 4 20
55 868 4 80
65 1929 4 84
75 1402 4 87
Hoffman et al (2002) Community-based, linking PSA to prostate biopsy in ROC analysis (USA)
55 466 3 89
75 825 3 93
65 I'153 3 89
65 1153 3 89
75 825 4 90
45 176 4 75
65 1153 4 84
Mistry and Cable (2003) Meta-analysis
Bretton (1994) 65 1027 4 67 Community-based study linking PSA to prostate biopsy data (USA)
Jubelirer et al (1994) 68 142 4 100 Community based study with |-year follow-up (USA)
Imai et al (1994) 64 1680 4 73 Mass screening with PSA (Japan)
Imai et al (1995) 65 3276 4 80 Mass screening with PSA (Japan)
Higashihara et al (1996) 71 701 4 92 Clinical trial — ROC analysis (Japan)
Gustafsson et al (1998) 63 1782 4 80 PSA offered to randomly selected men (Sweden)
Brett (1998) 65 2101 4 67 General-practice-based linking PSA to prostate biopsy result (Australia)
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, while exposure data are extremely limited and flawed, particularly for the workers at the site, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by increasing cell proliferation following  exposure to generating DNA-reactive substances.  , increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion frorm burning jet fuel, heating oil, transformer oil and gasoline (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from initial and persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). These documented symptoms belie the exposure data that was collected which indicated that the exposures to materials like PAH  were below exposure limits.  However, as detailed below these exposure estimates were deeply flawed, particularly for the responders working at the site and who worked or lived in smoke plumes for any significant time.  Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by Butt et al, 2004 , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days and hours  worked, specific jobs performed,particularly those who worked in areas of smoldering fires, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin or lavaged into the lungs of experimental animals. PAHs are produced by combustion of wood, coal and any other carbonaceous materials.  , and PAH are important causes of occupational lung cancer among tobacco smokers, coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination as complex mixtures and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). In addition, the PAH-containing mixture,  coal tar pitch volatiles, is listed as an A1 carcinogen by ACGIH(ACGIH 2011).   PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs excreted  in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included the burning of about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters of fuel oil  and approximately the same amount of gasoline plus any and all burning items. 	Comment by ACS User: Something missing here?

Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001.  While, it was reported that PAH levels from the fires after 9/11 were among the highest ever reported from an outdoor sources (Pliel et al, 2004), the levels were lower than occupational exposure limits and appeared to make the case that there was not an excessive exposure.    Unfortunately, the samples were stationary area samples designed not to estimate exposures of workers on the pile, but the levels at or near ground level at the pheriphery to capture what might be leaving the site. ,It is documented that when area samples are not designed to capture the worst exposure case, they can underestimate  personal worker exposure by from 3 to 40-fold(Astrakianakis, Seixas et al. 2006; Mehta, Wang et al. 2008).  [to be continued by Glenn].  The vertical velocity of the smoke from the fires at the site would be the major reason that samples anywhere from 4-6 blocks from the pile itself would be lower than the personal exposures of the workers on the pile.  As the authors state in their paper, “…workers engaged in the cleanup efforts could have been exposed to much higher levels of PAHs than those in our samples and, thus, could bear higher cancer risks.  Indeed, another set of samples taken 13 blocks from the pile were approximately 50% lower than the average of the 3 sites at the fence line.  Pliel et al also did not report  whether there were any consistent differences in PAH levels between the 3 fence line sites  which would have occurred if there were spatial differences consistent with wind patterns or absolute distance from the pile.  



The analysis of PAH levels by Pliel et al (2004)  in PM2.5 was also retrospective and opportunistic.  Analysis was limited completely to PAH remaining in the particulate phase captured on filters and not intended specificallyfor PAH analysis.   Thus, any PAH in the vapor phase would not have been included in the analysis.  Burstyn et al (2002) reported that the PAH in the vapor and particulate phases contributed equally to total PAH exposure in other workers.  



Pliel et al used non-linear regression to estimate the levels of PAH exposure on September 11, 2001 from the sampling data tha was collected beginning September 16, 2001. They estimate that maximal exposure would have been 35 ng.m3 .  Butt et al 2004 measured the PAH levels in window films from buildings that varied in distances and orientation from the ground zero pile.  They reported that upwind sites greater than 2 km from the pile had levels of 6000 ng.m2 .  This could be considered background.  In contrast , those sites that were within 1km averaged 77,100ng/m2, and those within 1 km and downwind from the site averaged 130,000 ng/m2.  While these data cannot be used for exposure estimates they do give an indication of the variation due to proximity and whether or not an window was in the overall plume.  



Thus, it would appear that the PAH exposure estimates taken fromt eh area samples probably underestimated the exposure of worker s on the pile.  The magnitude of the underestimation is impossible to estimate but indications are that it could be an order of magnitude or greater.  



When done appropriately biological monitoring can be a very useful in estimating exposure.  Biomonitoring integrates exposure by all routes, inclduding the use or misuse of personal protective equipment.  Biomonitoring can also be used to reconstruct exposures provided the half life of the biomarker and the time since the last exposure is documented.  The half life for the most widely used PAH biomarker , 1-hydroxypyrene (1HP) is effectively ~ 24 hours for persons without chronic exposure ((Godschalk, Ostertag et al. 1998; ACGIH 2011). This means that 1HP largely represents the exposure of only the last 24 hours.   Biological samples for PAH were also taken for exposure analysis (Edelman et al, 2003).  Unfortunately these samples were obtained for 365 firefighters 22-24 days after 9/11/01.  Assuming that the shape of the exposure curve estimated by Pliel et al (2003)are correct  (however, as discussed above, the absolute values are likely underestimated for workers on the pile), then the 1HP levels measured are estimates of exposures  that were much, much lower than the peaks that occurred 9/11-9/14.  Nonetheless, the 1HP levels remained significantly increased over  what was seen in firefighters who were not at the WTC site.  Since more that 99.99% of the 1HP resulting from exposures immediately after 9/11 would have been eliminated well before the samples were collected, the Edelman data cannot be used to estimate exposure for that time.  Rather they will reflect the exposure during the previous 24 hour period.  The other shortcoming of the Edelman paper was that thee was no indication of when the samples were taken relative to the person’s last exposure.  In addition, there is not indication of the distribution of the data within the groups and only the mean data are given without an idea of the variance.  The important questions, namely, were there some individuals with higher exposure in the previous 24 hours and what tasks did they perform, cannot be addressed either since this information is not provided.



There are also concerns that PAH may have been adsorbed unto  particulates and form large masses in the lung from which the PAH would only be slowly absorbed into the body(Gerde, Medinsky et al. 1991).  Unfortunately the data provided by Edelman et al cannot be used to determine if this possibility was in fact real since only one sample was collected from each worker.  





Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

Polychlorinated biphenyls (PCBs) were present in the transformer oil in the electrical power substation that was located in the World Trade Center.  A large number of chemically different “congenders” which contain different amounts of chlorine substituted at different places in the biphenyl rings are treated as the same material their toxicity is not dissimilar (there is a difference in toxicity in those that are 42% chlorine by weight as opposed to those that are 54%).  Lorber 2007 noted that of the 100s of samples obtained for PCBs only 1 sample was above 100 ng/m3 and only 3 were great4er than 50 ng/m3.  Air levels were said to be reduced fairly quickly to “normal” ambient urban levels of 1-8 ng/m3.  This might be expected since PCBs have an extremely low vapor pressure.   Once absorbed, PCBs have a fairly long half life in the body so biomonitoring should capture the exposure.  Edelman et al sampled for 31 PCB congenders 21 days after 9/11 and found  that there was not a statistically significant difference between any of the mean values of firefighters on or who never entered the GZ site.  On the other hand, Dalgren 2007 saw that certain PCB levels were markedly elevated in the sera of 7 first responders .    For example, all 7 were above the median value of the CDC NHANES study, 3 were above the 75th percentile, 2 above the 90th and one above the 95thpercentile.   For several measured congenders the 2 highest firefighters had levels above the NHANES detection limit, where 95% of the unexposed population was below it.  These data indicate that the sera of at least some   first responders were elevatedrelative to the general population.  If there is a “good” sie to these agents.it is that they are are persistent and elevated levels can be measured after the exposure.  



Dioxin-like compounds  were present at elevated levels in the air immediately after 9/11/01.  These compounds are formed when chlorinated plastics like PVC are burned under certain conditions of temperature, oxygen and pressure.  The levels of dioxin and dioxin like compounds (furans and various congenders) were markedly elevated in initial area samples taken at the periphery of the WTC site (Ground Zero, GZ).  (Please see the discussion of PAH for the limitations of these samples to estimate exposure for those at GZ itself.)  At least 6 samples taken in late September or  early October yielded levels of total TCDD equivalents greater than 100 pg TEQ/m3, with the highest levels measured being 170 pg TEQ/m3 .  These were the highest ambient levels ever recorded.  (Lorber et al,  2007).  In comparison, typical urban ambient measurements or apporoximately 0.1 pgTEQ/ m3 and levels  reported downwind from incinerators are on the order 1-5 pgTEQ/ m3.  This would indicate substantial exposure to dioxin-like compounds.  The USEPA did not find elevated levels of TCDD in house dusts.   

Dioxins have relatively long half lives in the human body; for TCDD half life is estimated to be 7 years(MMWR, 1988).  Edelman et al, 2004 measured 15 dioxin like compounds in the sera of ~350 firefighters .  Only one congender was higher in the exposed firefighters compared to those who did not enter the site.  The mean values were 27.8 ppt for all on site firefighters, 30.1 ppt for those present at the collapse, 26.2 ppt for those arriving after the collapse (day 1 and 2) and 30.6 ppt for those in Special Operations Command.  Firefighters not at the site had and average level of 19.2 ppt.  There was no increase in TCDD levels compared to controls (please see PAH discussion for the limitations of the data presented in Edelman et al, 2004).  In contrast, the average levels reported for ~1,250 Ranch Hands  10 years after Vietman was 49 ppt and ranged to 313 ppt.   This work reported that 20 ppt was the highest level generally seen in the general population.  Again, no significant increase in TCDD levels were reported by Edelman, et al 2004.   





d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

[bookmark: _GoBack](Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability likelihood of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, Wwhile exposure data that fully characterize exposures are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures did in fact occurred.  Furthermore, biological mechanisms of disease  that are associated with Many WTC-related conditions are associated withinclude inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC should be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate	Comment by NYU Langone Medical Center: Suggest delete prostate since the environmental and occupational causation is dubious.  The increase in medical monitoring programs for FDNY is likely due to surveillance bias—and that is further complicated by biological plausibility,ie lack therof.

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [and Hodgkin’s?]

· Multiple myeloma

· Leukemia Myelogenous, Acute and Chronic [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and	Comment by John Dement: For these to be included, we should at least add a statement about the biologic plausibility of the observed cancers.  I feel this is too broad as now defined.

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion fromorm burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longerthe decades of exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by John Dement: Not all occupational cancers require long term exposures

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µug/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µum and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that shorter fibers < 5 µm in length also predominate in occupational settings and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures , such as the in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  SThe selection of the PCMa sampling method that did not count fibers < 5  um in length was made historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones, but this has not been addressed extensivelyobserved in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts, and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and sShort-term exposures to high airborne concentrations haves also been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µum in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.

e. Carcinogenic metals 

a. As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 

b. WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 

c. Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)	Comment by vweaver: I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 

f. Volatile organic compounds (VOCs)

a. As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.

i. Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 	Comment by vweaver: These were listed in the first NIOSH WTC report on cancer but I do not see them in Table 2. Also not measured in Lorber so not sure they were WTC exposures. 

b. Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 

c. Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 





II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated

Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.

Lioy PJ, CP Weisel et al. (2002). "Characterization of the Dust/Smoke Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after Collapse of the WTC 11 September 2001." Environ Health Perspect 110:703-714.



The explosion and collapse of the World Trade Center (WTC) was a catastrophic event that produced an aerosol plume impacting many workers, residents, and commuters during the first few days after 11 September 2001. Three bulk samples of the total settled dust and smoke were collected at weather-protected locations east of the WTC on 16 and 17 September 2001; these samples are representative of the generated material that settled immediately after the explosion and fire and the concurrent collapse of the two structures. We analyzed each sample, not differentiated by particle size, for inorganic and organic composition. In the inorganic analyses, we identified metals, radionuclides, ionic species, asbestos, and inorganic species. In the organic analyses, we identified polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls, polychlorinated dibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate esters, brominated diphenyl ethers, and other hydrocarbons. Each sample had a basic pH. Asbestos levels ranged from 0.8% to 3.0% of the mass, the PAHs were > 0.1% of the mass, and lead ranged from 101 to 625 μg/g. The content and distribution of material was indicative of a complex mixture of building debris and combustion products in the resulting plume. These three samples were composed primarily of construction materials, soot, paint (leaded and unleaded), and glass fibers (mineral wool and fiberglass). Levels of hydrocarbons indicated unburned or partially burned jet fuel, plastic, cellulose, and other materials that were ignited by the fire. In morphologic analyses we found that a majority of the mass was fibrous and composed of many types of fibers (e.g., mineral wool, fiberglass, asbestos, wood, paper, and cotton). The particles were separated into size classifications by gravimetric and aerodynamic methods. Material < 2.5 μm in aerodynamic diameter was 0.88–1.98% of the total mass. The largest mass concentrations were > 53 μm in diameter. The results obtained from these samples can be used to understand the contact and types of exposures to this unprecedented complex mixture

experienced by the surviving residents, commuters, and rescue workers directly affected by the plume from 11 to 12 September and the evaluations of any acute or long-term health effects from resuspendable dust and smoke to the residents, commuters, and local workers, as well as from the materials released after 11 September until the fires were extinguished. Further, these results support the need to have the interior of residences, buildings, and their respective HVAC systems professionally cleaned to reduce long-term residential risks before rehabitation.



[bookmark: _ENREF_5]

Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J (2008). "An epidemiologic study of the role of chrysotile asbestos fiber dimensions in determining respiratory disease risk among exposed workers."  Occup. Environ. Med. 65(9):613-619.

Background: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question.

Methods: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter.

Results: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates.  Cumulative exposures based on individual fibre sizespecific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 µm). Longer (>10 µm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28–0.99, p values <0.001), which complicates the interpretation of the study findings.

Conclusions: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.

Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.

Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.

Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.

Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.

 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42

A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.

Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.

Background: This study examines the role of occupational factors in the development of

diffuse malignant mesothelioma with special emphasis on the dose±response relationship

for asbestos and on the exposure to man-made vitreous fibers (MMVFs).



Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,

were personally interviewed concerning their occupational and smoking history. The

same number of population controls (matched for sex, age and region of residence)

underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated

for an expert-based exposure index using conditional logistic regression.



Results: Exposure to asbestos shows the expected sharp gradient with an OR of about

45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A

significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber

years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure

to asbestos, an increased OR is observed in an ever/never evaluation. This observation is

heavily hampered by methodical problems. A corresponding case-control study was

performed using a lung tissue fiber analysis in addition to interviews. Both interviews and

the lung tissue analysis yielded similar OR levels between the reference and the maximum

exposure intervals.



Conclusions: Despite a possible influence as a result of selection and information bias,

our results confirm the previously reported observation of a distinct dose-response

relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study

confirms that asbestos is a relevant confounder for MMVF. A causal relationship between

exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other

studies.
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TABLE 5

Summary of Likelihood of Cancer Risk and Summary Risk Estimate (95% CI) Across All Types of Studies for All Cancers

Likelihood of Cancer Summary Risk
Cancer Site Risk by Criteria Estimate (95% CI) Comments
Multiple Probable 1.53 (1.21-1.94) Consistent with mSMR and PMR (1.50, 95% Cl = 1.17-1.89)
myeloma Based on 10 analyses
Heterogeneity—not significant at the 10% level
Non-Hodgkin Probable 1.51 (1.31-1.73) Only two SMR and another PMR studies
lymphoma Slightly higher than mSMR and PMR (1.36, 95% Cl = 1.10-1.67)
Based on eight analyses
Heterogeneity—not significant at the 10% level
Prostate Probable 1.28 (1.15-1.43) Consistent with mSIR (1.29, 95% Cl = 1.09-1.51)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Testis Possible 2.02 (1.30-3.13)  Slightly higher than mSIR (1.83, 95% CI = 1.13-2.79)
Based on four analyses
Heterogeneity—not significant at the 10% level
Skin Possible 1.39 (1.10-1.73)  Slightly lower than mSMR and PMR (1.44, 95% CI = 1.10-1.87) — derived
on basis of PMR studies
Based on eight analyses
Heterogeneity—not significant at the 10% level
Malignant Possible 1.832 (1.10-1.57)  Slightly higher than mSMR and PMR (1.29, 95% CI| = 0.68-2.20)
melanoma Based on 10 analyses
Heterogeneity—not significant at the 10% level
Brain Possible 1.32 (1.12-1.54) Slightly higher than mSMR and PMR (1.27, 95% CI = 0.98-1.63)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was
heterogeneity among SMR studies
Rectum Possible 1.29 (1.10-1.51)  Slightly lower than mSMR and PMR (1.39, 95% Cl = 1.12-1.70)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Buccal cavity Possible 1.23 (0.96-1.55)  Slightly higher than mSMR (1.18, 95% Cl = 0.81-1.66)
and pharynx Based on nine analyses
Heterogeneity—not significant at the 10% level
Stomach Possible 1.22 (1.04-1.44)  Lower than mSIR (1.58, 95% CI = 1.12-2.16)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Colon Possible 1.21 (1.03-1.41) Slightly lower than mSMR and PMR (1.31, 95% Cl = 1.08-1.59)
Based on 25 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR and PMR studies
Leukemia Possible 1.14 (0.98-1.31)  Similar to mSMR and PMR (1.14, 95% CIl = 0.92-1.39)
Based on eight analyses
Heterogeneity—not significant at the 10% level
Larynx Unlikely 1.22 (0.87-1.70) Higher than mSMR (0.58, 95% Cl = 0.25-1.15)
Based on seven analyses
Heterogeneity—not significant at the 10% level
Bladder Unlikely 1.20 (0.97-1.48)  Similar to mSMR and PMR (1.24, 95% CIl = 0.83,1.49)
Based on 11 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR studies
Esophagus Unlikely 1.16 (0.86-1.57)  Higher than mSMR (0.68, 95% CI| = 0.39-1.08)
Based on eight analyses
Heterogeneity—not significant at the 10% level
Pancreas Unlikely 1.10 (0.91-1.34)  Slightly higher than mSMR (0.98, 95% CI = 0.75-1.26)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Kidney Unlikely 1.07 (0.78-1.46)  Similar to mSMR and PMR (1.23, 95% CI| = 0.94-1.59)

Based on 12 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR studies
(Continued)
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TABLE 5
Continued
Likelihood of Cancer Summary Risk
Cancer Site Risk by Criteria Estimate (95% CI) Comments
Hodgkin’s Unlikely 1.07 (0.59-1.92) Higher than mSMR (0.78, 95% CI = 0.21-2.01)
disease Based on three analyses
Heterogeneity—not significant at the 10% level
Liver Unlikely 1.04 (0.72-1.49) Similar to mSMR (1.00, 95% CI = 0.63-1.52)
Based on seven analyses
Heterogeneity—not significant at the 10% level
Lung Unlikely 1.03 (0.97-1.08) Similar to mSMR and PMR (1.05, 95% Cl = 0.96-1.14)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was
heterogeneity among PMR studies
All cancers Unlikely 1.05 (1.00-1.09) Similar to mSMR and PMR (1.06, 95% CI = 1.02-1.10

Based on 25 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR studies

Cl indicates confidence interval; SMR, standardized mortality ratio; PMR, proportional mortality ratio; SIR, standardized incidence ratio.

SIR = 1.39, 95% CI = 0.2-5.0; 11
to 20 years: SIR = 4.03, 95% CI =
1.3-9.4. In those exposed greater
than 20 years, the risk estimate re-
mained elevated but declined (SIR =
2.65, 95% CI = 0.3-9.6), possibly
because testicular cancer generally
occurs at a younger age. Bates et al*®
argued that, although the reason for
the excess risk of testicular cancer
remained obscure, the possibility that
this is a chance finding was low
because incident studies are likely
the most appropriate methodology
for a cancer that can be successfully
treated.

The 1990 findings of Howe and
Burch* showing a positive associa-
tion with brain cancer and malignant
melanoma are compatible with our
results because both had significant
summary risk estimates. Brain can-
cers were initially scored as probable
but then downgraded to possible (Ta-
ble 5). There was inconsistency
among the SMR studies, which re-
sulted in the use of the random-
effects model, yielding confidence
limits that were not significant
(SMR = 1.39,95% CI = 0.94-2.06)
(Table 2). This inconsistency primar-
ily resulted from the Baris et al
study,'’ a 61-year follow up of 7789
firefighters demonstrating a marked
reduction in brain cancer (SMR =
0.61, 95% CI = 0.31-1.22). As

noted in Table 4, however, there
were elevated, but not significant,
risk estimates across all studies, ie,
mSMR, mPMR, mRR, and mSIR.
This consistency is all the more re-
markable given the diversity of rare
cancers included in the category
“brain and nervous system.” Further-
more, there was a 2003 study by
Krishnan et al®® published after our
search that examined adult gliomas
in the San Francisco Bay area of men
in 35 occupational groups. This
study showed that male firefighters
(six cases and one control) had the
highest risk with an odds ratio of
5.93, although the confidence inter-
vals were wide and not significant. In
addition, malignant melanoma was
also initially scored as probable but
was downgraded to “possible” due to
study type. This study downgrade
was related to the negative SMR (—)
and reliance primarily on a PMR
study. Thus, in conclusion, our study
supports a probable risk for multiple
myeloma, similar to Howe and
Burch’s* findings, and a possible
association with malignant mela-
noma and brain cancer.

Summary

We implemented a qualitative
three-criteria assessment in addition
to the quantitative meta-analyses.
Based on the more traditional quan-

titative summary risk estimates
shown in Table 5, 10 cancers, or half,
were significantly associated with
firefighting. Three cancers were des-
ignated as a probable risk based on
the quantitative meta-risk estimates
and our three criteria assessment.
These cancers included multiple my-
eloma, non-Hodgkin’s lymphoma,
and prostate. A recommendation is
also made, however, for upgrading
testicular cancer to “probable” based
on the twofold excess summary risk
estimate and the consistency among
the studies. Thus, firefighter risk for
these four cancers may be related to
the direct effect associated with ex-
posures to complex mixtures, the
routes of delivery to target organs,
and the indirect effects associated
with modulation of biochemical or
physiologic pathways. In anecdotal
conversations with firefighters, they
report that their skin, including the
groin area, is frequently covered with
“black soot.” It is noteworthy that
testicular cancer had the highest
summary risk estimate (2.02) and
skin cancer had a summary risk esti-
mate (1.39) higher than prostate
(1.28). Certainly, Edelman et al’ at
the World Trade Center, although
under extreme conditions, revealed
the hazards that firefighters may en-
counter only because air monitoring
was performed.
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Table 5.  WTC Human Carcinogens with established mechanistic events for tumor sites (or types) for which there is sufficient evidence in humans (adapted from IARC Monograph Working Group, 2009)



		

WTC Human Carcinogen

		Tumor sites (or types) for which there is sufficient evidence in humans



		Other sites with

limited evidence 

in humans 

		[bookmark: _GoBack]

Established mechanistic events



		Arsenic and Inorganic 

arsenic compounds



		Lung, skin, urinary bladder

		Kidney, liver, prostate

		Oxidative DNA damage, genomic instability, aneuploidy, gene amplication, epigenetic effects, DNA-repair inhibition leading to mutagenesis



		Asbestos (chrysotile, crocidolite, amosite, tremolite, actinolite, and anthophyllite)

		Lung, mesothelioma, larynx, ovary

		Colorectum, pharynx, stomach

		Impaired fiber clearance leading to macrophage activation, inflammation, generation of reactive oxygen and nitrogen species, tissue injury, genotoxicity, aneuploidy and polyploidy, epigenetic alteration, activation of signaling pathways, resistance to apoptosis 



		Beryllium and beryllium compounds

		Lung

		--

		Chromosome aberrations, aneuploidy, DNA damage



		Cadmium and Cadmium compounds

		Lung

		Prostate, kidney

		DNA-repair inhibition, disturbance of tumor-suppressor proteins leading to genomic stability



		Chromium (VI) compounds

		Lung

		Nasal cavity and paranasal sinuses

		Direct DNA damage after intracellular reduction to Cr(III), mutation, genomic instability, aneuploidy, cell transformation



		Nickel compounds

		Lung, nasal cavity, and paranasal sinuses

		--

		DNA damage, chromosome aberrations, genomic instability, micronuclei, DNA-repair inhibition, alteration of DNA methylation, histone modification



		Silica dust, crystalline in the form of quartz or crystobalite

		Lung

		--

		Impaired particle clearance leading to macrophage activation and persistent inflammation
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II. Mechanisms of carcinogenesis and role of inflammation

Overview of Carcinogenesis

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data

Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 

Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).

Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation

Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 

 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  

Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 

Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).

WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes

A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals [Caplan et al.,].  Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al.,].

[bookmark: _GoBack]Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels. 
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the risks probability of developing some cancers. This conclusion is based on the presence of 72 chemical agents identified as causing cancer by the International Agency for Research on Cancer (IARC) and /or the National /toxicology Program (NTP) known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. Fifteen of the chemical agents are classified as known to cause cancer in humans, 37 are classified as reasonably anticipated to cause cancer in humans, and the remainder are classified as probable or possible human carcinogens.  Most of the carcinogens are genotoxic (they damage DNA).  The underlying assumption in EPA and OSHA cancer risk assessments is that any exposure to a genotoxic carcinogen theoretically increases the risk of developing cancer.  In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis.  Consistent with cancer induction associated with an inflammatory process, WTC dust caused time and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines in human cells that were consistent with the activation of cytokine induction signaling pathways.

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers based on the incomplete and limited epidemiological data available to identify specific cancers, and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.	Comment by Julia Quint: Hepatobiliary tract is listed as limited for PCBs (2A).  I assume this is the same as Liver and bile duct.  Perhaps a footnote that explains nomenclature differences between this list and the sources (e.g., Coglliano et al.,) used to derive it is needed if there are many differences like this one.  



· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Cervix –Limited evidence for Tetrachloroethylene ( 2A) in Cogliano et al.

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia (acute nonlymphocytic=sufficient; acute lymphocytic & chronic lymphocytic,= limited) These are listed for Benzene (1)

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other carcinogenic chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about the potential increased risks of developing some cancers carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, higher breathing rates, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. Recent in vivo and in vitro studies using biomarkers of gene expression are consistent with potential increased cancer risks following relatively brief exposures to carcinogenic agents.  The results of these studies indicate that the multistep process of chemical carcinogenesis can begin following exposures that range in duration from 1 to 90 days.  In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have sufficient substantial evidence of regarding cancer in humans or animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 	Comment by Julia Quint: I’m not sure how we are interpreting “substantial” here.  PCBs and PCDDs were present in nanogram and picogram quantities,  and were interpreted in the Lioy et al. 2002 EHP paper as being present in low amounts.

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by Julia Quint: Suggest starting with the IARC classifications and WTC exposure information as in the Asbestos section for consistency and to emphasize the relevance of the information to the recommendations regarding cancer that we are making to the Director .	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]	Comment by Julia Quint: See earlier comments about the concentrations of these agents.  From the Lioy et al. 2002 EHP paper, p. 712:  “The levels of PCBs and PCDDs and PCDFs were in the nanograms per gram and pictograms per gram range .  Thus, the situation yielded detectable, but not excessive levels of these categories of environmental contaminants”. “Neither our study nor the US EPA found PCDD levels in dust above background. “  Probably need an explanation other than “substantial concentration” for highlighting these agents.

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation	Comment by Julia Quint: I made substantial changes to this section to make it less generic and more focused on the arguments we are using to support our recommendations regarding listing some cancers.  In addition to inserting the new text into this document, I also attached the rewritten section and the new Table 5 that I constructed, which is referred to in the text, to make it easier to read.  

Overview of Carcinogenesis

[bookmark: _GoBack]As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 






Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data

Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 

Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).

Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation

Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 

 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  

Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 

Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)	Comment by Julia Quint: I incorporated this text into the rewritten section.  See above.

Liz to add references – committee members please suggest any others and expand/correct if necessary: 

WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes

A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  



Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the risks probability of developing some cancers. This conclusion is based on the presence of 72 chemical agents identified as causing cancer by the International Agency for Research on Cancer (IARC) and /or the National /toxicology Program (NTP) known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. Fifteen of the chemical agents are classified as known to cause cancer in humans, 37 are classified as reasonably anticipated to cause cancer in humans, and the remainder are classified as probable or possible human carcinogens.  Most of the carcinogens are genotoxic (they damage DNA).  The underlying assumption in EPA and OSHA cancer risk assessments is that any exposure to a genotoxic carcinogen theoretically increases the risk of developing cancer.  In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis.  Consistent with cancer induction associated with an inflammatory process, WTC dust caused time and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines in human cells that were consistent with the activation of cytokine induction signaling pathways.

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers based on the incomplete and limited epidemiological data available to identify specific cancers, and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.	Comment by Julia Quint: Hepatobiliary tract is listed as limited for PCBs (2A).  I assume this is the same as Liver and bile duct.  Perhaps a footnote that explains nomenclature differences between this list and the sources (e.g., Coglliano et al.,) used to derive it is needed if there are many differences like this one.  



· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Cervix –Limited evidence for Tetrachloroethylene ( 2A) in Cogliano et al.

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia (acute nonlymphocytic=sufficient; acute lymphocytic & chronic lymphocytic,= limited) These are listed for Benzene (1)

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other carcinogenic chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about the potential increased risks of developing some cancers carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, higher breathing rates, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. Recent in vivo and in vitro studies using biomarkers of gene expression are consistent with potential increased cancer risks following relatively brief exposures to carcinogenic agents.  The results of these studies indicate that the multistep process of chemical carcinogenesis can begin following exposures that range in duration from 1 to 90 days.  In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have sufficient substantial evidence of regarding cancer in humans or animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 	Comment by Julia Quint: I’m not sure how we are interpreting “substantial” here.  PCBs and PCDDs were present in nanogram and picogram quantities,  and were interpreted in the Lioy et al. 2002 EHP paper as being present in low amounts.

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by Julia Quint: Suggest starting with the IARC classifications and WTC exposure information as in the Asbestos section for consistency and to emphasize the relevance of the information to the recommendations regarding cancer that we are making to the Director .	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]	Comment by Julia Quint: See earlier comments about the concentrations of these agents.  From the Lioy et al. 2002 EHP paper, p. 712:  “The levels of PCBs and PCDDs and PCDFs were in the nanograms per gram and pictograms per gram range .  Thus, the situation yielded detectable, but not excessive levels of these categories of environmental contaminants”. “Neither our study nor the US EPA found PCDD levels in dust above background. “  Probably need an explanation other than “substantial concentration” for highlighting these agents.

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation	Comment by Julia Quint: I made substantial changes to this section to make it less generic and more focused on the arguments we are using to support our recommendations regarding listing some cancers.  In addition to inserting the new text into this document, I also attached the rewritten section and the new Table 5 that I constructed, which is referred to in the text, to make it easier to read.  

Overview of Carcinogenesis

[bookmark: _GoBack]As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 






Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data

Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 

Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).

Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation

Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 

 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  

Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 

Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)	Comment by Julia Quint: I incorporated this text into the rewritten section.  See above.

Liz to add references – committee members please suggest any others and expand/correct if necessary: 

WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes

A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  



Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
















February 24 DRAFT for WTC STAC Committee Review – not for citation or distribution

-----------------------------------------------------------------------------------------------------------------------------



11



Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.
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Table 5.  WTC Human Carcinogens with established mechanistic events for tumor sites (or types) for which there is sufficient evidence in humans (adapted from IARC Monograph Working Group, 2009)



		

WTC Human Carcinogen

		Tumor sites (or types) for which there is sufficient evidence in humans



		Other sites with

limited evidence 

in humans 

		[bookmark: _GoBack]

Established mechanistic events



		Arsenic and Inorganic 

arsenic compounds



		Lung, skin, urinary bladder

		Kidney, liver, prostate

		Oxidative DNA damage, genomic instability, aneuploidy, gene amplication, epigenetic effects, DNA-repair inhibition leading to mutagenesis



		Asbestos (chrysotile, crocidolite, amosite, tremolite, actinolite, and anthophyllite)

		Lung, mesothelioma, larynx, ovary

		Colorectum, pharynx, stomach

		Impaired fiber clearance leading to macrophage activation, inflammation, generation of reactive oxygen and nitrogen species, tissue injury, genotoxicity, aneuploidy and polyploidy, epigenetic alteration, activation of signaling pathways, resistance to apoptosis 



		Beryllium and beryllium compounds

		Lung

		--

		Chromosome aberrations, aneuploidy, DNA damage



		Cadmium and Cadmium compounds

		Lung

		Prostate, kidney

		DNA-repair inhibition, disturbance of tumor-suppressor proteins leading to genomic stability



		Chromium (VI) compounds

		Lung

		Nasal cavity and paranasal sinuses

		Direct DNA damage after intracellular reduction to Cr(III), mutation, genomic instability, aneuploidy, cell transformation



		Nickel compounds

		Lung, nasal cavity, and paranasal sinuses

		--

		DNA damage, chromosome aberrations, genomic instability, micronuclei, DNA-repair inhibition, alteration of DNA methylation, histone modification



		Silica dust, crystalline in the form of quartz or crystobalite

		Lung

		--

		Impaired particle clearance leading to macrophage activation and persistent inflammation
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II. Mechanisms of carcinogenesis and role of inflammation

Overview of Carcinogenesis

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data

Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 

Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).

Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation

Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 

 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  

Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 

Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).

WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes

A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals [Caplan et al.,].  Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al.,].

[bookmark: _GoBack]Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels. 
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability likelihood of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, Wwhile exposure data that fully characterize exposures are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures did in fact occurred.  Furthermore, biological mechanisms of disease  that are associated with Many WTC-related conditions are associated withinclude inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC should be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate	Comment by NYU Langone Medical Center: Suggest delete prostate since the environmental and occupational causation is dubious.  The increase in medical monitoring programs for FDNY is likely due to surveillance bias—and that is further complicated by biological plausibility,ie lack therof.

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [and Hodgkin’s?]

· Multiple myeloma

· Leukemia Myelogenous, Acute and Chronic [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and	Comment by John Dement: For these to be included, we should at least add a statement about the biologic plausibility of the observed cancers.  I feel this is too broad as now defined.

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion fromorm burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longerthe decades of exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by John Dement: Not all occupational cancers require long term exposures

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µug/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µum and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that shorter fibers < 5 µm in length also predominate in occupational settings and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures , such as the in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  SThe selection of the PCMa sampling method that did not count fibers < 5  um in length was made historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones, but this has not been addressed extensivelyobserved in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts, and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and sShort-term exposures to high airborne concentrations haves also been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µum in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.

e. Carcinogenic metals 

a. As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 

b. WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 

c. Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)	Comment by vweaver: I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 

f. Volatile organic compounds (VOCs)

a. As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.

i. Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 	Comment by vweaver: These were listed in the first NIOSH WTC report on cancer but I do not see them in Table 2. Also not measured in Lorber so not sure they were WTC exposures. 

b. Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 

c. Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 





II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated	Comment by vweaver: Weaver: I was not on the phone for the afternoon of the last meeting in NYC so I missed the discussion. However, I am concerned about this conclusion and the reliance on Zeig-Owens to select cancer sites in Table 4. This is an important article and it has been reviewed in at least two journal clubs at Johns Hopkins so far. The concern raised in those conferences is that latency is very short and the data to date on cancer in fire fighters without WTC exposures support an increased risk of cancer from their occupational exposures. There is substantial overlap between cancer sites in Table 5 in the LeMasters meta-analysis of fire fighters (who did not have WTC exposures) and  Zeig-Owens. Tom Aldrich has already pointed this out for prostate, which is the cancer that has resulted in the most discussion among the group to date. Thus, the concern with Zeig-Owens et al. is that excluding a role for past fire fighter exposures in cancers diagnosed soon after 9/11 is difficult.  The authors discuss recent declines in exposure but, due to the long time between first exposure and cancer diagnosis for chemical related cancers, exposures pre- 9/11 are more relevant for the cancer timeframe they covered.

Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.

Lioy PJ, CP Weisel et al. (2002). "Characterization of the Dust/Smoke Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after Collapse of the WTC 11 September 2001." Environ Health Perspect 110:703-714.



The explosion and collapse of the World Trade Center (WTC) was a catastrophic event that produced an aerosol plume impacting many workers, residents, and commuters during the first few days after 11 September 2001. Three bulk samples of the total settled dust and smoke were collected at weather-protected locations east of the WTC on 16 and 17 September 2001; these samples are representative of the generated material that settled immediately after the explosion and fire and the concurrent collapse of the two structures. We analyzed each sample, not differentiated by particle size, for inorganic and organic composition. In the inorganic analyses, we identified metals, radionuclides, ionic species, asbestos, and inorganic species. In the organic analyses, we identified polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls, polychlorinated dibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate esters, brominated diphenyl ethers, and other hydrocarbons. Each sample had a basic pH. Asbestos levels ranged from 0.8% to 3.0% of the mass, the PAHs were > 0.1% of the mass, and lead ranged from 101 to 625 μg/g. The content and distribution of material was indicative of a complex mixture of building debris and combustion products in the resulting plume. These three samples were composed primarily of construction materials, soot, paint (leaded and unleaded), and glass fibers (mineral wool and fiberglass). Levels of hydrocarbons indicated unburned or partially burned jet fuel, plastic, cellulose, and other materials that were ignited by the fire. In morphologic analyses we found that a majority of the mass was fibrous and composed of many types of fibers (e.g., mineral wool, fiberglass, asbestos, wood, paper, and cotton). The particles were separated into size classifications by gravimetric and aerodynamic methods. Material < 2.5 μm in aerodynamic diameter was 0.88–1.98% of the total mass. The largest mass concentrations were > 53 μm in diameter. The results obtained from these samples can be used to understand the contact and types of exposures to this unprecedented complex mixture

experienced by the surviving residents, commuters, and rescue workers directly affected by the plume from 11 to 12 September and the evaluations of any acute or long-term health effects from resuspendable dust and smoke to the residents, commuters, and local workers, as well as from the materials released after 11 September until the fires were extinguished. Further, these results support the need to have the interior of residences, buildings, and their respective HVAC systems professionally cleaned to reduce long-term residential risks before rehabitation.



[bookmark: _ENREF_5]

Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J (2008). "An epidemiologic study of the role of chrysotile asbestos fiber dimensions in determining respiratory disease risk among exposed workers."  Occup. Environ. Med. 65(9):613-619.

Background: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question.

Methods: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter.

Results: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates.  Cumulative exposures based on individual fibre sizespecific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 µm). Longer (>10 µm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28–0.99, p values <0.001), which complicates the interpretation of the study findings.

Conclusions: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.

Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.

Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.

Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.

Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.

 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42

A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.

Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.

Background: This study examines the role of occupational factors in the development of

diffuse malignant mesothelioma with special emphasis on the dose±response relationship

for asbestos and on the exposure to man-made vitreous fibers (MMVFs).



Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,

were personally interviewed concerning their occupational and smoking history. The

same number of population controls (matched for sex, age and region of residence)

underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated

for an expert-based exposure index using conditional logistic regression.



Results: Exposure to asbestos shows the expected sharp gradient with an OR of about

45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A

significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber

years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure

to asbestos, an increased OR is observed in an ever/never evaluation. This observation is

heavily hampered by methodical problems. A corresponding case-control study was

performed using a lung tissue fiber analysis in addition to interviews. Both interviews and

the lung tissue analysis yielded similar OR levels between the reference and the maximum

exposure intervals.



Conclusions: Despite a possible influence as a result of selection and information bias,

our results confirm the previously reported observation of a distinct dose-response

relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study

confirms that asbestos is a relevant confounder for MMVF. A causal relationship between

exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other

studies.
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TABLE 5

Summary of Likelihood of Cancer Risk and Summary Risk Estimate (95% CI) Across All Types of Studies for All Cancers

Likelihood of Cancer Summary Risk
Cancer Site Risk by Criteria Estimate (95% CI) Comments
Multiple Probable 1.53 (1.21-1.94) Consistent with mSMR and PMR (1.50, 95% Cl = 1.17-1.89)
myeloma Based on 10 analyses
Heterogeneity—not significant at the 10% level
Non-Hodgkin Probable 1.51 (1.31-1.73) Only two SMR and another PMR studies
lymphoma Slightly higher than mSMR and PMR (1.36, 95% Cl = 1.10-1.67)
Based on eight analyses
Heterogeneity—not significant at the 10% level
Prostate Probable 1.28 (1.15-1.43) Consistent with mSIR (1.29, 95% Cl = 1.09-1.51)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Testis Possible 2.02 (1.30-3.13)  Slightly higher than mSIR (1.83, 95% CI = 1.13-2.79)
Based on four analyses
Heterogeneity—not significant at the 10% level
Skin Possible 1.39 (1.10-1.73)  Slightly lower than mSMR and PMR (1.44, 95% CI = 1.10-1.87) — derived
on basis of PMR studies
Based on eight analyses
Heterogeneity—not significant at the 10% level
Malignant Possible 1.832 (1.10-1.57)  Slightly higher than mSMR and PMR (1.29, 95% CI| = 0.68-2.20)
melanoma Based on 10 analyses
Heterogeneity—not significant at the 10% level
Brain Possible 1.32 (1.12-1.54) Slightly higher than mSMR and PMR (1.27, 95% CI = 0.98-1.63)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was
heterogeneity among SMR studies
Rectum Possible 1.29 (1.10-1.51)  Slightly lower than mSMR and PMR (1.39, 95% Cl = 1.12-1.70)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Buccal cavity Possible 1.23 (0.96-1.55)  Slightly higher than mSMR (1.18, 95% Cl = 0.81-1.66)
and pharynx Based on nine analyses
Heterogeneity—not significant at the 10% level
Stomach Possible 1.22 (1.04-1.44)  Lower than mSIR (1.58, 95% CI = 1.12-2.16)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Colon Possible 1.21 (1.03-1.41) Slightly lower than mSMR and PMR (1.31, 95% Cl = 1.08-1.59)
Based on 25 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR and PMR studies
Leukemia Possible 1.14 (0.98-1.31)  Similar to mSMR and PMR (1.14, 95% CIl = 0.92-1.39)
Based on eight analyses
Heterogeneity—not significant at the 10% level
Larynx Unlikely 1.22 (0.87-1.70) Higher than mSMR (0.58, 95% Cl = 0.25-1.15)
Based on seven analyses
Heterogeneity—not significant at the 10% level
Bladder Unlikely 1.20 (0.97-1.48)  Similar to mSMR and PMR (1.24, 95% CIl = 0.83,1.49)
Based on 11 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR studies
Esophagus Unlikely 1.16 (0.86-1.57)  Higher than mSMR (0.68, 95% CI| = 0.39-1.08)
Based on eight analyses
Heterogeneity—not significant at the 10% level
Pancreas Unlikely 1.10 (0.91-1.34)  Slightly higher than mSMR (0.98, 95% CI = 0.75-1.26)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Kidney Unlikely 1.07 (0.78-1.46)  Similar to mSMR and PMR (1.23, 95% CI| = 0.94-1.59)

Based on 12 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR studies
(Continued)
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Cancer Risk Among Firefighters - LeMasters et al

TABLE 5
Continued
Likelihood of Cancer Summary Risk
Cancer Site Risk by Criteria Estimate (95% CI) Comments
Hodgkin’s Unlikely 1.07 (0.59-1.92) Higher than mSMR (0.78, 95% CI = 0.21-2.01)
disease Based on three analyses
Heterogeneity—not significant at the 10% level
Liver Unlikely 1.04 (0.72-1.49) Similar to mSMR (1.00, 95% CI = 0.63-1.52)
Based on seven analyses
Heterogeneity—not significant at the 10% level
Lung Unlikely 1.03 (0.97-1.08) Similar to mSMR and PMR (1.05, 95% Cl = 0.96-1.14)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was
heterogeneity among PMR studies
All cancers Unlikely 1.05 (1.00-1.09) Similar to mSMR and PMR (1.06, 95% CI = 1.02-1.10

Based on 25 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR studies

Cl indicates confidence interval; SMR, standardized mortality ratio; PMR, proportional mortality ratio; SIR, standardized incidence ratio.

SIR = 1.39, 95% CI = 0.2-5.0; 11
to 20 years: SIR = 4.03, 95% CI =
1.3-9.4. In those exposed greater
than 20 years, the risk estimate re-
mained elevated but declined (SIR =
2.65, 95% CI = 0.3-9.6), possibly
because testicular cancer generally
occurs at a younger age. Bates et al*®
argued that, although the reason for
the excess risk of testicular cancer
remained obscure, the possibility that
this is a chance finding was low
because incident studies are likely
the most appropriate methodology
for a cancer that can be successfully
treated.

The 1990 findings of Howe and
Burch* showing a positive associa-
tion with brain cancer and malignant
melanoma are compatible with our
results because both had significant
summary risk estimates. Brain can-
cers were initially scored as probable
but then downgraded to possible (Ta-
ble 5). There was inconsistency
among the SMR studies, which re-
sulted in the use of the random-
effects model, yielding confidence
limits that were not significant
(SMR = 1.39,95% CI = 0.94-2.06)
(Table 2). This inconsistency primar-
ily resulted from the Baris et al
study,'’ a 61-year follow up of 7789
firefighters demonstrating a marked
reduction in brain cancer (SMR =
0.61, 95% CI = 0.31-1.22). As

noted in Table 4, however, there
were elevated, but not significant,
risk estimates across all studies, ie,
mSMR, mPMR, mRR, and mSIR.
This consistency is all the more re-
markable given the diversity of rare
cancers included in the category
“brain and nervous system.” Further-
more, there was a 2003 study by
Krishnan et al®® published after our
search that examined adult gliomas
in the San Francisco Bay area of men
in 35 occupational groups. This
study showed that male firefighters
(six cases and one control) had the
highest risk with an odds ratio of
5.93, although the confidence inter-
vals were wide and not significant. In
addition, malignant melanoma was
also initially scored as probable but
was downgraded to “possible” due to
study type. This study downgrade
was related to the negative SMR (—)
and reliance primarily on a PMR
study. Thus, in conclusion, our study
supports a probable risk for multiple
myeloma, similar to Howe and
Burch’s* findings, and a possible
association with malignant mela-
noma and brain cancer.

Summary

We implemented a qualitative
three-criteria assessment in addition
to the quantitative meta-analyses.
Based on the more traditional quan-

titative summary risk estimates
shown in Table 5, 10 cancers, or half,
were significantly associated with
firefighting. Three cancers were des-
ignated as a probable risk based on
the quantitative meta-risk estimates
and our three criteria assessment.
These cancers included multiple my-
eloma, non-Hodgkin’s lymphoma,
and prostate. A recommendation is
also made, however, for upgrading
testicular cancer to “probable” based
on the twofold excess summary risk
estimate and the consistency among
the studies. Thus, firefighter risk for
these four cancers may be related to
the direct effect associated with ex-
posures to complex mixtures, the
routes of delivery to target organs,
and the indirect effects associated
with modulation of biochemical or
physiologic pathways. In anecdotal
conversations with firefighters, they
report that their skin, including the
groin area, is frequently covered with
“black soot.” It is noteworthy that
testicular cancer had the highest
summary risk estimate (2.02) and
skin cancer had a summary risk esti-
mate (1.39) higher than prostate
(1.28). Certainly, Edelman et al’ at
the World Trade Center, although
under extreme conditions, revealed
the hazards that firefighters may en-
counter only because air monitoring
was performed.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability likelihood of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, Wwhile exposure data that fully characterize exposures are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures did in fact occurred.  Furthermore, biological mechanisms of disease  that are associated with Many WTC-related conditions are associated withinclude inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC should be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate	Comment by NYU Langone Medical Center: Suggest delete prostate since the environmental and occupational causation is dubious.  The increase in medical monitoring programs for FDNY is likely due to surveillance bias—and that is further complicated by biological plausibility,ie lack therof.

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma [and Hodgkin’s?]

· Multiple myeloma

· Leukemia Myelogenous, Acute and Chronic [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and	Comment by John Dement: For these to be included, we should at least add a statement about the biologic plausibility of the observed cancers.  I feel this is too broad as now defined.

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion fromorm burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longerthe decades of exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by John Dement: Not all occupational cancers require long term exposures

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µug/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µum and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that shorter fibers < 5 µm in length also predominate in occupational settings and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures , such as the in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  SThe selection of the PCMa sampling method that did not count fibers < 5  um in length was made historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones, but this has not been addressed extensivelyobserved in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts, and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and sShort-term exposures to high airborne concentrations haves also been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µum in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.

e. Carcinogenic metals 

a. As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 

b. WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 

c. Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)	Comment by vweaver: I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 

f. Volatile organic compounds (VOCs)

a. As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.

i. Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 	Comment by vweaver: These were listed in the first NIOSH WTC report on cancer but I do not see them in Table 2. Also not measured in Lorber so not sure they were WTC exposures. 

b. Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 

c. Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 





II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated. However, an alternative explanation for these findings is that pre-9/11 occupational exposures to carcinogens from fire fighting are contributing to the observed cancer increase. Only hematopoetic malignancies, such as the acute leukemias, have latencies short enough to result in increased rates from 9/11 exposures within the time frame covered. A recent meta-analysis (LeMasters et al .  JOEM 2006) on cancer in fire fighters found increased risk estimates for 10 of the 20 cancers examined. This increased baseline risk is evident in the FDNY WTC study for prostate cancer in which both 9/11 exposed and unexposed fire fighters have significantly increased risks. Further, there is overlap between significantly increased cancers in Table 5 in the meta-analysis and two of the three cancers in the WTC study with SIR ratios approaching significance (thyroid cancer was not included in the meta-analysis). Zeig-Owens et al. discuss recent declines in exposure but, due to the long time between exposure onset and cancer diagnosis for chemically-related cancers, exposures pre- 9/11 are more relevant for the cancer timeframe they covered.



Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.

Lioy PJ, CP Weisel et al. (2002). "Characterization of the Dust/Smoke Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after Collapse of the WTC 11 September 2001." Environ Health Perspect 110:703-714.



The explosion and collapse of the World Trade Center (WTC) was a catastrophic event that produced an aerosol plume impacting many workers, residents, and commuters during the first few days after 11 September 2001. Three bulk samples of the total settled dust and smoke were collected at weather-protected locations east of the WTC on 16 and 17 September 2001; these samples are representative of the generated material that settled immediately after the explosion and fire and the concurrent collapse of the two structures. We analyzed each sample, not differentiated by particle size, for inorganic and organic composition. In the inorganic analyses, we identified metals, radionuclides, ionic species, asbestos, and inorganic species. In the organic analyses, we identified polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls, polychlorinated dibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate esters, brominated diphenyl ethers, and other hydrocarbons. Each sample had a basic pH. Asbestos levels ranged from 0.8% to 3.0% of the mass, the PAHs were > 0.1% of the mass, and lead ranged from 101 to 625 μg/g. The content and distribution of material was indicative of a complex mixture of building debris and combustion products in the resulting plume. These three samples were composed primarily of construction materials, soot, paint (leaded and unleaded), and glass fibers (mineral wool and fiberglass). Levels of hydrocarbons indicated unburned or partially burned jet fuel, plastic, cellulose, and other materials that were ignited by the fire. In morphologic analyses we found that a majority of the mass was fibrous and composed of many types of fibers (e.g., mineral wool, fiberglass, asbestos, wood, paper, and cotton). The particles were separated into size classifications by gravimetric and aerodynamic methods. Material < 2.5 μm in aerodynamic diameter was 0.88–1.98% of the total mass. The largest mass concentrations were > 53 μm in diameter. The results obtained from these samples can be used to understand the contact and types of exposures to this unprecedented complex mixture

experienced by the surviving residents, commuters, and rescue workers directly affected by the plume from 11 to 12 September and the evaluations of any acute or long-term health effects from resuspendable dust and smoke to the residents, commuters, and local workers, as well as from the materials released after 11 September until the fires were extinguished. Further, these results support the need to have the interior of residences, buildings, and their respective HVAC systems professionally cleaned to reduce long-term residential risks before rehabitation.



[bookmark: _ENREF_5]

Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J (2008). "An epidemiologic study of the role of chrysotile asbestos fiber dimensions in determining respiratory disease risk among exposed workers."  Occup. Environ. Med. 65(9):613-619.

Background: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question.

Methods: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter.

Results: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates.  Cumulative exposures based on individual fibre sizespecific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 µm). Longer (>10 µm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28–0.99, p values <0.001), which complicates the interpretation of the study findings.

Conclusions: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.

Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.

Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.

Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.

Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.

 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42

A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.

Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.

Background: This study examines the role of occupational factors in the development of

diffuse malignant mesothelioma with special emphasis on the dose±response relationship

for asbestos and on the exposure to man-made vitreous fibers (MMVFs).



Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,

were personally interviewed concerning their occupational and smoking history. The

same number of population controls (matched for sex, age and region of residence)

underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated

for an expert-based exposure index using conditional logistic regression.



Results: Exposure to asbestos shows the expected sharp gradient with an OR of about

45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A

significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber

years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure

to asbestos, an increased OR is observed in an ever/never evaluation. This observation is

heavily hampered by methodical problems. A corresponding case-control study was

performed using a lung tissue fiber analysis in addition to interviews. Both interviews and

the lung tissue analysis yielded similar OR levels between the reference and the maximum

exposure intervals.



Conclusions: Despite a possible influence as a result of selection and information bias,

our results confirm the previously reported observation of a distinct dose-response

relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study

confirms that asbestos is a relevant confounder for MMVF. A causal relationship between

exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other

studies.
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[bookmark: _GoBack]The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, higher breathing rates, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. Numerous animal studies provide evidence that brief exposures to carcinogens can cause cancer.  Evaluation of the Single-Exposure Carcinogen Database containing 5576 studies involving 800 chemicals from 2000 articles showed that in 4271 of the studies, a single dose of an agent administered by multiple routes of exposure caused tumors to develop in males and females of many different animal models.  In addition to PAHs, many of the tested chemicals are environmentally relevant and are on various pollutant lists, including the IARC and NTP lists.  In support of the relevance of the single-exposure carcinogen concept to human cancer, the authors identified published occupational studies on benzene, beryllium, aromatic amines of benzidine, and arsenic in which exposures for less than a year were implicated as the causal factor in the development of cancer (Calabrese and Blain, 1999).  Recent in vivo (Thomas et al., 2007) and in vitro (Perkins et al., 2012) studies using biomarkers of gene expression also are consistent with potential increased cancer risks following relatively brief exposures to carcinogenic agents.  The results of these studies indicate that the multistep process of chemical carcinogenesis can begin following exposures that range in duration from 1 to 90 days.  In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.



Reference

Calabrese EJ, Blain, RB.  1999.  The single exposure carcinogen database: assessing the circumstances under which a single exposure to a carcinogen can cause cancer.  Toxicological Sciences 50:169-185
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 John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability likelihood of developing some cancers. Environmental sampling has identified a total of 287 chemicals and chemical groups in the WTC area following the September 11, 2001 terrorist attacks[footnoteRef:1].   Of these 287, the committee’s conclusions are based on the presence of 72 chemical agents This conclusion is based on the presence of  known and potential carcinogens in the smoke, dust,aerosals and volatile and semi-volatile contaminants emitted from fires at the site. In addition, Wwhile exposure data that fully characterize exposures are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures did in fact occurred.  Furthermore, biological mechanisms of disease  that are associated with Many WTC-related conditions are associated withinclude inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis.  [1:  NIOSH [2011].  First periodic review of: Scientific and medical evidence related to cancer for the World Trade Center Health Program.  National Institute for Occupational Safety and Health, Cincinnati, OH, DHHS (NIOSH) Publication No. 2011-197. [http://www.cdc.gov/niosh/docs/2011-197/pdfs/2011-197.pdf] p.36
] 


The committee deliberated at length on whether to designate specific cancers to be included in Tthe List, with some members proposing to include all cancers,  rationales being: 1. Cancers outcomes are likely to be negatively impacted in the setting of multiple, pre-existing WTC illnesses, particularly if the same area is affected and 2. The exact impact of exposure to 287 chemicals, simultaneously or in multiples thereof, in particulate and/or aerosol form, at extremely high temperatures, is not known. It is biologically plausible that any cancer could occur following such an overwhelming assault on the human body.	Comment by Susan Sidel: WTCHP doc’s… Don’t people usually have >1  WTC related illness ?

Others on the committee favored listing specific cancers based on several other lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC, should be generated from several sources:others 

 in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.	Comment by Susan Sidel: We heard specific examples of rare cancers at the Feb. STAC meeting from people w/ other WTC ailments. 



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx	Comment by Susan Sidel: Lip, Mouth, Tongue? We served food in our tent literally steps from the Pile. I doubt The Spirit of America (boat) or The Marriott Hotel where food was served 24/7 were tested and abated. Both locations served food prepared by Daniel Bouley and other top NYC chef’s. It wasn’t until many week into cleanup that boots were washed down b/f entering these areas. 

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin  [Should this exclude basal cell Ca?]

· Ovary

· Prostate	Comment by NYU Langone Medical Center: Suggest delete prostate since the environmental and occupational causation is dubious.  The increase in medical monitoring programs for FDNY is likely due to surveillance bias—and that is further complicated by biological plausibility,ie lack therof.

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid	Comment by Susan Sidel: Is there a nexus b/w immunoglobulin’s and thyroid (excluding Graves disease, Hoshimoto ,hyperthyroid?) 

I people diagnosed with abnormal immunoglobulins igG, igA.  


· Non-Hodgkin Lymphoma [and Hodgkin’s?]

· Multiple myeloma

· Leukemia Myelogenous, Acute and Chronic [does this include both acute and chronic?]

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS) [Aplastic anemia?];

2) rare cancers (to be defined); and	Comment by John Dement: For these to be included, we should at least add a statement about the biologic plausibility of the observed cancers.  I feel this is too broad as now defined.

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion fromorm burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in acute eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documentsprovides evidence for significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history.  In fact, NYC’s chief medical examiner, Dr. Charles S. Hirsch, determined that the death of Felicia Dunn-Jones, 5 months after being engulfed in the dust cloud, was directly linked to WTC dust. [footnoteRef:2] On 9/11/01, Ms. Jones, a civil rights attorney was trying to escape the area and was caught in the dust cloud, for minutes, near her office, a block away from the WTC.  An autopsy determined Ms. Dunn-Jones had sarcoidosis, traditionally associated with environmental exposure. 2   [2:  http://www.nytimes.com/2007/05/24/nyregion/24dust.html] 


We believe that to be the case, both because of thethe enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.	Comment by Susan Sidel: Pls read Cate Jenkins 2006 letter to IOG (on FTP) and 2007 (http://www.journalof911studies.com/)Letter to IOG on Lioy’s methods 



The committee believes that  both responder populations and area residents, office- and workers, school children and other students,   had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longerthe decades of exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.	Comment by Susan Sidel: Glenn discussed resting breath, as the standard in most occupational studies vs. heavy exertion breath demanded by much of the work on The Pile and even in other aspects of various jobs.  ie. Pushing a heavy handcart of supplies. 	Comment by John Dement: Not all occupational cancers require long term exposures

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize  than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. 

New layers of exposure were created Others worked, attended school or lived near sites where debris was transported or during the eight months and 19 day “official” WTC clean up period[footnoteRef:3]. Multiple layers of dust were deposited in homes, schools and offices  along the transportation routes of trucks and barges en route to the Fresh Kills Landfill on Staten Island, New York. transferred inThis transfer process processes that continued to generate and distribute toxin-laden dusts throughout the entire clean up period, well after the initial exposure event..   [3:  WTC Cleanup officially ended on May,30, 2002.] 


ManyStill others volunteered in support activities near the site a area residents, s well as residing in the communityvolunteered in support activities at and/or around Ground Zero, as well as residing in the area. . Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. The Committee heard testimony from area residents, students and workers on the many complex issues surrounding the difficulties in effecting a to timely remediation.. 

Longer, lower-level exposures may be a particular issue for individuals with pre-existing asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002) . Air concentrations of dust were estimated to be in excess of 100,000 µug/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µum and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that shorter fibers < 5 µm in length also predominate in occupational settings and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures , such as the in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  SThe selection of the PCMa sampling method that did not count fibers < 5  um in length was made historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones , but this has not been addressed extensively iobserved in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts, and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and sShort-term exposures to high airborne concentrations haves also been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µum in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.

e. Carcinogenic metals 

a. As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 

b. WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 

c. Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)	Comment by vweaver: I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 

f. Volatile organic compounds (VOCs)

a. As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.

i. Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 	Comment by vweaver: These were listed in the first NIOSH WTC report on cancer but I do not see them in Table 2. Also not measured in Lorber so not sure they were WTC exposures. 

b. Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 

c. Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.

d. As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 





II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

(Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of themwhom were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   

Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years), based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the eExposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population,an SIR Ratios wereas calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  into the FDNY medical surveillance program.  

Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  

263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters.

For each individual type of cancers, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for  thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance.  

Data from this study for cancer sites with some evidence of increased risk are shown in Table 34. 

These results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters. Considering that this risk was detectable with only a little over seven years of post-9/11 data, whereas cancer latencies are thought to average much longer, the ultimate magnitude of the increased risk is likely to be higher than 32% and cannot yet be estimated. However, an alternative explanation for these findings is that pre-9/11 occupational exposures to carcinogens from fire fighting are contributing to the observed cancer increase. Only hematopoetic malignancies, such as the acute leukemias, have latencies short enough to result in increased rates from 9/11 exposures within the time frame covered. A recent meta-analysis (LeMasters et al .  JOEM 2006) on cancer in fire fighters found increased risk estimates for 10 of the 20 cancers examined. This increased baseline risk is evident in the FDNY WTC study for prostate cancer in which both 9/11 exposed and unexposed fire fighters have significantly increased risks. Further, there is overlap between significantly increased cancers in Table 5 in the meta-analysis and two of the three cancers in the WTC study with SIR ratios approaching significance (thyroid cancer was not included in the meta-analysis). Zeig-Owens et al. discuss recent declines in exposure but, due to the long time between exposure onset and cancer diagnosis for chemically-related cancers, exposures pre- 9/11 are more relevant for the cancer timeframe they covered.



Additional post-WTC cancer incidence data are expected to come from the Mt Sinai and WTC registry cohorts and from the FDNY EMS cohort in the near future.  However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small.

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011). **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.8250 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.

Lioy PJ, CP Weisel et al. (2002). "Characterization of the Dust/Smoke Aerosol that Settled East of the World Trade Center (WTC) in Lower Manhattan after Collapse of the WTC 11 September 2001." Environ Health Perspect 110:703-714.



The explosion and collapse of the World Trade Center (WTC) was a catastrophic event that produced an aerosol plume impacting many workers, residents, and commuters during the first few days after 11 September 2001. Three bulk samples of the total settled dust and smoke were collected at weather-protected locations east of the WTC on 16 and 17 September 2001; these samples are representative of the generated material that settled immediately after the explosion and fire and the concurrent collapse of the two structures. We analyzed each sample, not differentiated by particle size, for inorganic and organic composition. In the inorganic analyses, we identified metals, radionuclides, ionic species, asbestos, and inorganic species. In the organic analyses, we identified polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls, polychlorinated dibenzodioxins, polychlorinated dibenzofurans, pesticides, phthalate esters, brominated diphenyl ethers, and other hydrocarbons. Each sample had a basic pH. Asbestos levels ranged from 0.8% to 3.0% of the mass, the PAHs were > 0.1% of the mass, and lead ranged from 101 to 625 μg/g. The content and distribution of material was indicative of a complex mixture of building debris and combustion products in the resulting plume. These three samples were composed primarily of construction materials, soot, paint (leaded and unleaded), and glass fibers (mineral wool and fiberglass). Levels of hydrocarbons indicated unburned or partially burned jet fuel, plastic, cellulose, and other materials that were ignited by the fire. In morphologic analyses we found that a majority of the mass was fibrous and composed of many types of fibers (e.g., mineral wool, fiberglass, asbestos, wood, paper, and cotton). The particles were separated into size classifications by gravimetric and aerodynamic methods. Material < 2.5 μm in aerodynamic diameter was 0.88–1.98% of the total mass. The largest mass concentrations were > 53 μm in diameter. The results obtained from these samples can be used to understand the contact and types of exposures to this unprecedented complex mixture

experienced by the surviving residents, commuters, and rescue workers directly affected by the plume from 11 to 12 September and the evaluations of any acute or long-term health effects from resuspendable dust and smoke to the residents, commuters, and local workers, as well as from the materials released after 11 September until the fires were extinguished. Further, these results support the need to have the interior of residences, buildings, and their respective HVAC systems professionally cleaned to reduce long-term residential risks before rehabitation.



[bookmark: _ENREF_5]

Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Stayner LT, Kuempel E, Gilbert S, Hein M, Dement J (2008). "An epidemiologic study of the role of chrysotile asbestos fiber dimensions in determining respiratory disease risk among exposed workers."  Occup. Environ. Med. 65(9):613-619.

Background: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question.

Methods: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter.

Results: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates.  Cumulative exposures based on individual fibre sizespecific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 µm). Longer (>10 µm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28–0.99, p values <0.001), which complicates the interpretation of the study findings.

Conclusions: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.

Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.

Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.

Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.

Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.

 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42

A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.

Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.

Background: This study examines the role of occupational factors in the development of

diffuse malignant mesothelioma with special emphasis on the dose±response relationship

for asbestos and on the exposure to man-made vitreous fibers (MMVFs).



Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,

were personally interviewed concerning their occupational and smoking history. The

same number of population controls (matched for sex, age and region of residence)

underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated

for an expert-based exposure index using conditional logistic regression.



Results: Exposure to asbestos shows the expected sharp gradient with an OR of about

45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A

significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber

years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure

to asbestos, an increased OR is observed in an ever/never evaluation. This observation is

heavily hampered by methodical problems. A corresponding case-control study was

performed using a lung tissue fiber analysis in addition to interviews. Both interviews and

the lung tissue analysis yielded similar OR levels between the reference and the maximum

exposure intervals.



Conclusions: Despite a possible influence as a result of selection and information bias,

our results confirm the previously reported observation of a distinct dose-response

relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study

confirms that asbestos is a relevant confounder for MMVF. A causal relationship between

exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other

studies.
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John Howard, M.STACD.


Administrator, World Trade Center Health Program


Centers for Disease Control and Prevention (CDC)


National Institute for Occupational Safety and Health (NIOSH)


395 E. St, S.W.


Suite 9200, Patriots Plaza


Washington, D.C. 20201


Dear Dr. Howard:


We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).


The STAC has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that exposures resulting from the collapse of the buildings and high-temperature fires are likely to increase the probability of developing some cancers. This conclusion is based primarily on the presence of approximately 70 known and potential carcinogens in the smoke, dust, volatile and semi-volatile contaminants identified at the World Trade Center site (Table 1). Fifteen of these substances are classified by the International Agency for Research on Cancer (IARC) as known to cause cancer in humans, 37 are classified by the National Toxicology Program (NTP) as reasonably anticipated to cause cancer in humans; others  are classified by IARC as probable and possible carcinogens.  Many of these carcinogens are genotoxic and it is therefore assumed that any level of exposure carries some risk.   Exposure data are extremely limited.  No data were collected in the first 4 days when the highest levels of air contaminants occurred, and the variety of samples taken on or after September 16, 2001 are insufficient to provide quantitative estimates of exposure on an individual or area level.  However, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in large numbers of rescue, recovery, clean up and restoration workers, as well as qualitative descriptions of exposure conditions in downtown Manhattan, represent highly credible evidence that significant toxic exposures occurred.  Furthermore, the salient biological reaction that underlies many currently recognized WTC health conditions – persistent inflammation – is now believed to be an important mechanism underlying cancer through generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. Given that cancer latencies for solid tumors average 20 years or more, , it is noteworthy that the published FDNY study of fire fighters showed a statistically significant excess in cancer of all sites with only 7 years of follow-up. 


The committee deliberated  on whether to designate all cancers as WTC-related conditions or to list only cancers with the strongest evidence.   Some members proposed to include all cancers based on the incomplete and limited epidemiological data available to identify specific cancers, and others argued for the alternative  listing specific cancers best available evidence. The committee agreed as a next step to generate a list of cancers potentially related to WTC exposures from three sources:


(1) cancers with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs reviews for carcinogens present at the WTC site (Table 2); 


(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 3); and 


(3) cancers for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 4).The organ sites identified from any of the three sources are listed in Table 4, along with a summary of evidence from each source. With respect to the use of the IARC data to identify potential cancer sites in humans, the committee wishes to emphasize that the body of evidence regarding carcinogenicity of substances present in WTC dusts and smoke is not limited to those considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal studies and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding organ sites of carcinogenicity in humans. 


In addition to the organ sites identified in Table 4, the Committee also agreed to consider the inclusion of rare cancers and childhood cancers.   After further review and discussion of the strength of the evidence for including all cancers and the alternative of including specific cancer site groupings and sites, the committee makes the following recommendations  which will be based on discussonsit’s the March 28 meeting:


Option 1:  Recommend that all cancers be added to the list of WTC-related conditions


As noted above, one rationale for including all cancers is the incomplete and limited epidemiological data available to identify specific organ sites.  There is also some evidence from two of the three sources used by the STAC to identify potentially WTC-related organ sites.  One line of evidence is that for 2,3,7,8-tetrachlorobenzo-para-dioxin (TCDD), an IARC Group 1 carcinogen identified in air and surface samples taken around the WTC site, sufficient evidence for carcinogenicity in humans is based on excess in cancer of all sites combined, with limited evidence  for soft tissue sarcoma, non-Hodgkin lymphoma and cancer of the lung.  The primary mechanism of action of TCDD, which is binding and activation of the aryl hydrocarbon hydroxylase receptor (AhR), is consistent with the potential for TCDD exposure to enhance the carcinogenicity of chemical exposures at multiple sites by increasing rates of metabolic activation to epoxides and other DNA-reactive agents (http://monographs.iarc.fr/ENG/Monographs/vol100F/mono100F-27.pdf).  The second line of evidence is that the FDNY firefighters study also found a statistically significant excess of cancers of all sites for WTC-exposed compared to unexposed firefighters.  As discussed in Section  2.c. of the supporting document, evidence for the intensity of WTC-related TCDD exposures is limited.  Elevated air levels of TCDD were measured in area air samples taken at the periphery of the WTC site, and concentrations of TCDD in window films taken from adjacent buildings were substantially higher than those more distant from the site.  On the other hand, the Edelman et al. study of blood samples from FDNY firefighters did not find elevated levels of dioxin-like compounds in highly WTC exposed firefighters compared to controls.  This is reasonably strong evidence against substantial dioxin exposures given the long (approximately 7-year) half-life of TCDD and the inclusion of highly exposed FDNY firefighters in the study.  The results of the study of cancer incidence among FDNY firefighters,  discussed in Section 4 of the supporting document,  are generally supportive of a small excess risk of cancers of all sites combined among exposed firefighters, although adjustment for surveillance bias substantially weakened the association. 

In addition to the evidence from the sources used by the committee to compile a list of WTC-related cancers, arguments in favor of listing all cancers include the presence of multiple exposures and mixtures with the potential to act synergistically and to produce unexpected health effects, the major gaps in the data with respect to the range and levels of carcinogens, the potential for heterogeneous exposures and hot spots representing exceptionally high or unique exposures both on the WTC site and in surrounding communities, the potential for bioaccumulation of some of the compounds, limitations of testing for carcinogenicity of many of the 287 agents and chemical groups cited in the first NIOSH Periodic Review, the large volume of toxic materials  present in the WTC towers, and lack of certainty in the evidence for targeting specific organs or organ site groupings as WTC-related. An additional concern is that much of the data used to identify sites of carcinogenicity in humans is from occupational studies of highly exposed industrial populations, which generally did not include women.  Thus, the availability of epidemiologic data on environmental causes of female breast cancer and cancers of the female reproductive organs is limited.    


[There are several concerns about the option of listing all cancers as WTC-related conditions.  The objective of the committee is to provide advice that is scientifically credible and evidence-based as well as in the best interest of affected populations from a medical and public health perspective.  While it may appear that listing all cancers as potentially WTC-related is in the best interest of affected populations, in practice, it may not be. One concern is that if our conclusions are not well supported and credible in the scientific community, they may be rejected by the Administrator and diminish the impact of the STAC’s recommendations in the future.  In addition, there is a potential for genuine harm to the WTC health programs and the populations they serve if the definition of potentially WTC-realted cancers is overly broad.   Since cancer is a very common disease, it can be predicted that a large number of people with cancer would apply for coverage by the WTC Health Program, and quite likely the vast majority of those who have cancers with no or little evidence of association with WTC-exposure would be denied.   Medical resources required to conduct these evaluations would be substantial, and even if increased resources are made available, will likely divert program resources and reduce quality of care to those with well-documented WTC-related diseases.  In addition, for cancers with weak or no evidence for association with WTC exposure, it will be difficult to develop criteria that health care providers can reliably apply to certify that a cancer is WTC-related.  This could result in inconsistency in decisions made by individual health care providers, and undermine confidence in the fairness and objectivity of the certification process.  At an individual level, if all cancers are listed as WTC-related, a large number of cancer patients who would request certifcation that their condition is WTC-related would likely be denied.  This could cause additional stress to individuals already experiencing emotional distress, anxiety and discomfort related to their cancer diagnosis and treatment.]  

Option 2:  Recommend that selected cancers and cancer site groupings with the strongest evidence be added to the list of WTC-related conditions (each to be discussed and voted on individually):


The committee recommends listing of the following site grouping and sites (each to be discussed and voted on separately) be listed as WTC-related conditions based on the strength of the evidence summarized in Table 4: 

· The committee recommends that malignant neoplasms of the respiratory system (including nose, nasal cavity and middle ear (ICD-O-3 site codes C300-C301, C310-319), larynx C320-C329), lung and bronchus (CC340-C349), pleura (C384), trachea, mediastinum and other respiratory organs (C339, C381-C383, C388, C390, C398, C399)) be listed as WTC-related conditions.  These cancers are associated with exposure to many carcinogenic agents of concern at the WTC, including arsenic, asbestos, beryllium, cadmium, chromium, nickel, silica dust and soot.  The respiratory tract is also an the major site for acute and chronic toxicity resulting from WTC-exposures, including chronic nasopharyngitis, upper airway hyperreactivity, chronic laryngitis, interstitial lung disease, chronic respiratory disorder – fumes/vapors, reactive airways disease syndrome (RADS) and chronic cough syndrome.  Although the Zeig-Owens study did not find evidence for an increased risk of lung or other respiratory cancers among FDNY firefighters, both internal and external comparisons may have been affected by greater declines in smoking among WTC-exposed firefighters (due in part to their respiratory symptoms) than unexposed firefighters or the general public. Commendably, in 2002 a joint labor-management initiative offered a comprehensive voluntary smoking cessation program free of charge to FDNY smokers and family members Bars, Banauch et al. 2006


( ADDIN EN.CITE )
.  Smoking cessation reduces lung cancer rates within 5-10 years after quitting.  Thus, any increased risk of lung cancer associated with WTC exposures may have been obscured by lower rates of smoking-related lung cancer. 


· The committee recommends that certain cancers of the digestive system, including esophagus,(C150-C159), stomach (CC160-C169), colon and rectum (C180-189, C260, C199, C209), liver and intrahepatic bile duct (C220-CC221), retroperitoneum, peritoneum, omentum and mesentery (C481-C282) be listed as WTC-related conditions.   Esophageal cancer is associated with tetrachloroethylene, stomach cancer is associated with asbestos and inorganic lead compounds and colorectal cancer is associated with asbestos (Table 3).  Cancer of the liver has been associated with vinyl chloride, arsenic and inorganic arsenic compounds, polychlorinated biphenyls, and trichloroethylene (Table 3).  Gastrointestinal reflux disease (GERD) is associated with cancer of the esophagus, especially if it progresses to Barrett esophagus.  Since cancer of the distal esophagus. gastroesophageal junction and gastric cardia share common risk factors, Table 3 shows GERD as a WTC-related condition for stomach as well as esophageal cancer.   The Zeig-Owens study found evidence of an increased risk of stomach (including gastro-esophageal junction) and colorectal cancer among FDNY firefighters.   

· The committee recommends that cancers of the oral cavity and pharynx, including lip (C000-C009), tongue (C019-C029), salivary gland (C079-C089), floor of mouth (C040-C049), gum and other mouth (C030-C039, C050-C059, C060-C069), nasopharynx (CC110-C119), tonsil (C090-C099), oropharynx (C100-C109), hypopharynx (C129, C130-139) and other oral cavity and pharynx (C140-C179) be listed as WTC-related conditions.  IARC has found limited evidence that asbestos causes pharyngeal cancer in humans and sufficient evidence that formaldehyde causes cancer of the nasopharynx.  The lip, oral cavity and pharynx are areas with high potential for direct exposure to toxic materials through hand-to-mouth contact. 

· The committee recommends that soft tissue sarcomas (C380, C470-C479, C490-C499) be listed as WTC-related conditions.  IARC has found limited evidence for increased risk of soft tissue sarcoma associated with exposure to polychorophenols and their sodium salts  and 2,3,7,8-TCDD.  Soft tissue sarcoma rates rates are very low in the general population (age-adjusted incidence rate approximately 3 per 100,000) and therefore excesses are difficult to detect in epidemiologic studies.     


· The committee recommends that melanoma (C440-449) and non-melanoma skin cancers, including scrotal cancer, be listed as WTC-related conditions. According to IARC, skin cancer is associated with exposure to arsenic and inorganic arsenic compounds and soot (Table 3).  The Zeig-Owens study found a statistically significant increase in melanoma among exposed firefighters compared to the general population; the Standardized Incidence Ratio (SIR) was slightly larger but not significant when compared to non-exposed firefighters.  No adjustment for surveillance bias was reported for malignant melanoma although early detection through medical surveillance is likely.


· The committee recommends that mesothelioma of the pleura and peritoneum (ICD-O-3 histology 9050-9055) be listed as WTC-related conditions.  Asbestos exposure is the only known cause of mesothelioma, and mesotheliomas have been documented in association with very low levels of community or household contact with asbestos. Mesothelioma rates are very low in the general population (age-adjusted incidence rate approximately 1 per 100,000) and therefore excesses are difficult to detect in epidemiologic studies.     


· The committee recommends that cancer of the ovary (C569) be listed as a WTC-related condition.  IARC has found sufficient evidence that asbestos exposure causes ovarian cancer.  The incidence of ovarian cancer is relatively low (age-adjusted incidence rate approximately 6 per 100,000 women) and therefore difficult to detect in epidemiologic studies.     


· The committee recommends that prostate cancer be listed as a WTC-related condition.  IARC has found limited evidence that exposure to “arsenic and inorganic arsenic compounds” and “cadmium and cadmium compounds” causes prostate cancer.  Although arsenic and cadmium were present in dust samples from the WTC area, concentrations of these metals were relatively low compared to other metals such as lead and zinc Plumlee, Hageman et al. 2005()
  The Zeig-Owens study found a significantly elevated SIR of 1.49 for exposed firefighters compared to the general population, but risk was also significantly elevated for non-exposed firefighters (SIR=1.35).  The SIR for exposed compared to non-exposed firefighters was 1.11 and nonsignificant.  Correction for surveillance bias for exposed firefighters reduced the SIR to 1.11 (non-significant).  The elevated SIR observed for non-exposed firefighters is consistent with a recent meta-analysis of 32 epidemiologic studies of firefighters which found a statistically significant summary risk of 1.28 for prostate cancer LeMasters, Genaidy et al. 2006()
.  Prostate cancer is also recognized to be more likely than other cancers to be over diagnosed, a term used to mean that a cancer is diagnosed and treated that would not otherwise go on to cause symptoms or death Welch and Black 2010


( ADDIN EN.CITE )
, and a 2-year lag period may not be sufficient to fully account for surveillance bias. 

· The committee recommends that cancers of the urinary tract, including urinary bladder (C670-670), kidney and renal pelvis (C649, C659), ureter (CC669), and other urinary organs (C680-C689) be listed as WTC-related conditions.  IARC found limited evidence that exposure to “arsenic and inorganic arsenic compounds” and “cadmium and cadmium compounds” causes kidney cancer, sufficient evidence that arsenic and inorganic arsenic compounds” cause cancer of the urinary bladder, and limited evidence that diesel engine exhaust and soot cause cancer of the urinary bladder.  Transitional cell cancers of the renal pelvis, ureter and urinary bladder have been associated with a number of occupational and environmental exposures.   

· The committee recommends that cancer of the eye and orbit (C690-C699) be listed as a WTC-related  condition for individuals engaged in welding.  Welding is considered by IARC to have sufficient evidence for cancer of the eye.

·  The committee recommends that thyroid cancer be listed as a WTC-related  condition. Thyroid cancer has not been associated with any of the agents known to be present at the WTC and the primary evidence for an excess risk comes from the Zeig-Owens study.   In that study, 17 thyroid cancers were observed and 6 expected based on national rates, yielding a statistically significant SIR of 3.07.  The SIR was 5.21 and statistically significant compared with unexposed firefighters, and was 2.17 and significant after a two year lag was applied.   The magnitude of the SIR for thyroid cancer was relatively large, although the significance of this finding is tempered by the possibility that a 2 year lag would not fully account for medical surveillance bias.   

· The committee recommends that lymphoma, leukemia and myeloma (see Appendix 1 for ICDO-3 site and histology codes) be listed as WTC-related conditions. All lymphatic and hematopoietic cancers (LHC’s) are combined in this document because of variation in how these cancers have been classified and grouped in epidemiologic studies, inaccuracy of death certificate diagnosis for these cancers and changes in clinical nomenclature over time.  Various LHC’s have been associated in humans with exposure to benzene, 1,3-butadiene, formaldehyde, polychlorophenols or their sodium salts (combined exposures), styrene and 2,3,7,8-tetrachlorodibenzo-para-dioxin (Table 3).  In addition, the Zeig-Owens study found a statistically significant increase in non-Hodgkin lymphoma which was only modestly attenuated when adjusted for surveillance bias.  Case-series reports have noted that a potential excess of multiple myeloma among WTC responders Moline, Herbert et al. 2009
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.  LHC’s are associated with a variety of carcinogenic exposures; elevated rates of some LHC’s have been observed in atomic bomb survivors as well as cancer patients treated with radiation and some forms of chemotherapy.  The average latency for LHC’s after radiation or chemical exposure is generally shorter (< 10 years) than for solid tumors (> 20 years). Many leukemogens, including benzene, radiation and chemotherapy agents are associated with bone marrow toxicity at high doses.   Some LHC’s are associated with immunosuppression (such as AID’s related lymphomas) while others appear to be related to immune stimulation, including inflammation Purdue, Lan et al. 2011()
. It is increasingly recognized that many LHC’s have pre-clinical phases, and the STAC recommends that the pre-malignant and myelodysplastic diseases be included as WTC-related conditions as well. 

The committee recommends that childhood cancers (all cancers diagnosed in persons less than 19 years old) be listed as WTC-related conditions.  The unique vulnerability of children to synthetic chemicals commonly found in the environment has been documented in the landmark 1993 US National Academy of Sciences report.National Research 1993()
 Children drink more water, breathe more air and eat more food per pound, and have higher exposures than adults.Thurlbeck 1982


( ADDIN EN.CITE ; Trasande and Thurston 2005)
  

· The committee recommends that rare cancers be listed as WTC-related conditions.


The Committee recognizes that additional epidemiologic studies will soon become available and recommends that as their results  become available, their findings be reviewed and modifications made to the list as appropriate.  


The Committee also recommends that, in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  


We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.


Supporting documentation for the Committee’s Recommendation
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1.  Evidence regarding carcinogenic exposures:


The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-Landrigan, Lioy et al. 2004
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volatile organic compounds and other products of high-temperature combustion from burning jet fuel, heating oil, transformer oil and gasoline 
 ADDIN EN.CITE 
(Lioy and Georgopoulos 2006; Lioy, Pellizzari et al. 2006)
. Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement and other construction materials, and contained numerous particles, fibers and glass shards, resulting in acute eye, nose and throat irritation, leading rapidly to what came to be known as WTC cough. Smoke from fires that persisted into December 2011 contained polycyclic aromatic hydrocarbons, metals, organic chemicals and many other potential carcinogens. Heavy equipment and trucks contributed diesel emissions, and there was repeated resuspension of sediment and dust during the subsequent 10 month demolition and cleanup process.  Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in rescue, recovery, clean-up and restoration workers provides evidence for significant exposure levels and toxicity Aldrich, Gustave et al. 2010
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 Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation 
 ADDIN EN.CITE 

(Brackbill, Hadler et al. 2009)
.


Members of the STAC and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in intensity and variety in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack and the presence of multiple and complex exposures. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about the potential increased risks of developing some cancers based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  


Based on these reports, the committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services include the time and date of arrival at the WTC site and other areas where WTC materials were transported or stored, total days and hours worked, specific jobs performed, breathing rates, work locations, particularly work in areas of smoldering fires, and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without adequate respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to longer exposures typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. Numerous animal studies provide evidence that brief exposures to carcinogens can cause cancer.  Evaluation of the Single-Exposure Carcinogen Database containing 5576 studies involving 800 chemicals from 2000 articles showed that in 4271 of the studies, a single dose of an agent administered by multiple routes of exposure caused tumors to develop in males and females of many different animal models.  In addition to PAHs, many of the tested chemicals are environmentally relevant and are on various pollutant lists, including the IARC and NTP lists.  In support of the relevance of the single-exposure carcinogen concept to human cancer, the authors identified published occupational studies on benzene, beryllium, aromatic amines of benzidine, and arsenic in which exposures for less than a year were implicated as the causal factor in the development of cancer Calabrese and Blain 1999


( ADDIN EN.CITE )
.  In addition, studies of second or higher order tumors among cancer survivors have shown that both radiation therapy and some forms of chemotherapy increase risk for subsequent cancers, often with shorter latency periods than observed for lower dose, longer duration occupational and environmental exposures  Ng and Travis 2008()
   Recent in vivo and in vitro studies using biomarkers of gene expression are consistent with potential increased cancer risks following relatively brief exposures to carcinogenic agents.  The results of these studies indicate that the multistep process of chemical carcinogenesis can begin following exposures that range in duration from 1 to 90 days.  In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.


Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Many NYC government offices are housed in buildings below Canal Street and many workers were required to return before any decontamination or cleaning took place and without personal protective equipment.  Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential, office and school building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with preexisting asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children  in contaminated homes, daycare settings and schools  have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 


In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s).   In addition, we considered some contaminants present in lower quantities due to potential toxicity and/or biological persistence (polychlorinated biphenyls, dioxins and furans).

a. Asbestos


As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight (Lioy et al, 2002). Air concentrations of dust were estimated to be in excess of 100,000 µg/m3  (Lioy and Geogopoulos, 2006), and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures Lioy, Georgopoulos et al. 2006()
. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 µm and/or less than 0.3 µm in diameter, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA for determining compliance with OSHA Permissible Exposure Limits (PELS). Dr. Dement noted that fibers < 5 µm in length also predominate in occupational settings 
 ADDIN EN.CITE 
(Stayner, Kuempel et al. 2008)
and represent the predominate exposures to workers used for cancer risk assessments.   Fibers < 5 µm in length represent 90% or more of the total airborne fiber exposures in South Carolina and North Carolina asbestos textile plants where excess risks of lung cancer and mesothelioma have been well-documented.  Selection of the PCM sampling method that did not count fibers < 5  um in length was historically based on sampling reproducibility and feasibility, and not strong data demonstrating lack of toxicity of shorter fibers.. Animal studies have suggested that longer fibers are more effective in producing lung cancer and mesothelioma than shorter ones but this has not been addressed extensively in human studies which always involve mixed length fibers.  Recent studies of asbestos textile workers in which size-specific exposures to chrysotile were estimated by transmission electron microscopy found all that exposures to all fiber lengths were strongly predictive of lung cancer risk with a higher risk for longer and thinner fibers (Stayner et al., 2008; Loomis et al., 2009).  All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma.  Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos based on data from occupational cohorts and there has been no documented threshold below which cancer does not occur. Additionally, the exposure metric used for occupational risk assessments is cumulative exposure expressed as the product of exposure level by PCM and exposure duration (fiber-years) and short-term exposures to high airborne concentrations have  been associated with increased cancer risk.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years Iwatsubo, Pairon et al. 1998


( ADDIN EN.CITE ; Rodelsperger, Jockel et al. 2001)
. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 µm in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 


b. Polycyclic Aromatic Hydrocarbons


As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin or lavaged into the lungs of experimental animals. PAHs are produced by combustion of wood, coal and any other carbonaceous material.  PAH are important causes of occupational lung cancer among tobacco smokers, coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in occupational and environmental settings in combination as complex mixtures and it is therefore not possible to isolate the effect of a single compound in epidemiologic studies. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). In addition, the PAH-containing mixture,  coal tar pitch volatiles, is listed as an A1 carcinogen by ACGIH ACGIH 2011()
.   PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs excreted  in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours) 
 ADDIN EN.CITE 

(Li, Romanoff et al. 2010)
. Sources of PAH’s at the WTC included the burning of about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters of fuel oil and approximately the same amount of gasoline plus any and all burning items. Heavy machinery and power tool brought to the site added to particulate and PAH exposures.

Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001.  While, it was reported that PAH levels from the fires after 9/11 were among the highest ever reported from an outdoor sources (Pliel et al, 2004), the levels were lower than occupational exposure limits and appeared to make the case that there was not an excessive exposure.    Unfortunately, the samples were stationary area samples designed not to estimate exposures of workers on the pile, but the levels at or near ground level at the periphery to capture what might be leaving the site. It is documented that when area samples are not designed to capture the worst exposure case, they can under estimate personal worker exposure by from 3 to 40-fold
 ADDIN EN.CITE 

(Astrakianakis, Seixas et al. 2006; Mehta, Wang et al. 2008)
. ].  The vertical velocity of the smoke from the fires at the site would be the major reason that samples anywhere from 4-6 blocks from the pile itself would be lower than the personal exposures of the workers on the pile.  As the authors state in their paper, “…workers engaged in the cleanup efforts could have been exposed to much higher levels of PAHs than those in our samples and, thus, could bear higher cancer risks.  Indeed, another set of samples taken 13 blocks from the pile were approximately 50% lower than the average of the 3 sites at the fence line.  Pliel et al also did not report whether there were any consistent differences in PAH levels between the 3 fence line sites  which would have occurred if there were spatial differences consistent with wind patterns or absolute distance from the pile.  


The analysis of PAH levels by Pliel et al (2004)  in PM2.5 was also retrospective and opportunistic.  Analysis was limited completely to PAH remaining in the particulate phase captured on filters and not intended specifically for PAH analysis.   Thus, any PAH in the vapor phase would not have been included in the analysis.  Burstyn et al (2002) reported that the PAH in the vapor and particulate phases contributed equally to total PAH exposure in other workers.  


Pliel et al used non-linear regression to estimate the levels of PAH exposure on September 11, 2001 from the sampling data tha was collected beginning September 16, 2001. They estimate that maximal exposure would have been 35 ng.m3 .  Butt et al 2004 measured the PAH levels in window films from buildings that varied in distances and orientation from the ground zero pile.  They reported that upwind sites greater than 2 km from the pile had levels of 6000 ng.m2 .  This could be considered background.  In contrast , those sites that were within 1km averaged 77,100ng/m2, and those within 1 km and downwind from the site averaged 130,000 ng/m2.  While these data cannot be used for exposure estimates they do give an indication of the variation due to proximity and whether or not an window was in the overall plume.  


Thus, it would appear that the PAH exposure estimates taken from the area samples probably underestimated the exposure of worker s on the pile.  The magnitude of the underestimation is impossible to estimate but indications are that it could be an order of magnitude or greater.  


When done appropriately biological monitoring can be a very useful in estimating exposure.  Biomonitoring integrates exposure by all routes, including the use or misuse of personal protective equipment.  Biomonitoring can also be used to reconstruct exposures provided the half life of the biomarker and the time since the last exposure is documented.  The half life for the most widely used PAH biomarker , 1-hydroxypyrene (1HP) is effectively ~ 24 hours for persons without chronic exposure (Godschalk, Ostertag et al. 1998(; ACGIH 2011)
. This means that 1HP largely represents the exposure of only the last 24 hours.   Biological samples for PAH were also taken for exposure analysis (Edelman et al, 2003).  Unfortunately these samples were obtained for 365 firefighters 22-24 days after 9/11/01.  Assuming that the shape of the exposure curve estimated by Pliel et al (2003)are correct  (however, as discussed above, the absolute values are likely underestimated for workers on the pile), then the 1HP levels measured are estimates of exposures  that were much, much lower than the peaks that occurred 9/11-9/14.  Nonetheless, the 1HP levels remained significantly increased over what was seen in firefighters who were not at the WTC site.  Since more that 99.99% of the 1HP resulting from exposures immediately after 9/11 would have been eliminated well before the samples were collected, the Edelman data cannot be used to estimate exposure for that time.  Rather they will reflect the exposure during the previous 24 hour period.  The other shortcoming of the Edelman paper was that there was no indication of when the samples were taken relative to the person’s last exposure.  In addition, there is no indication of the distribution of the data within the groups and only the mean data are given without an idea of the variance.  The important questions, namely, were there some individuals with higher exposure in the previous 24 hours and what tasks did they perform, cannot be addressed either since this information is not provided.


There are also concerns that PAH may have been adsorbed unto  particulates and form large masses in the lung from which the PAH would only be slowly absorbed into the bodyGerde, Medinsky et al. 1991()
.  Unfortunately the data provided by Edelman et al cannot be used to determine if this possibility was in fact real since only one sample was collected from each worker.  


c. Polychlorinated biphenyls, dioxins, furans


Polychlorinated biphenyls (PCBs) were present in the transformer oil in the electrical power substation that was located in the World Trade Center.  A large number of chemically different “congeners” which contain different amounts of chlorine substituted at different places in the biphenyl rings are treated as the same material their toxicity is not dissimilar (there is a difference in toxicity in those that are 42% chlorine by weight as opposed to those that are 54%).  Lorber, Gibb et al. 2007


( ADDIN EN.CITE )
 2007 noted that of the 100s of samples obtained for PCBs only 1 sample was above 100 ng/m3 and only 3 were greater than 50 ng/m3.  Air levels were said to be reduced fairly quickly to “normal” ambient urban levels of 1-8 ng/m3.  This might be expected since PCBs have an extremely low vapor pressure.   Once absorbed, PCBs have a fairly long half life in the body so biological monitoring should capture the exposure.  Edelman et al sampled for 31 PCB congeners 21 days after 9/11 and found  that there was not a statistically significant difference between any of the mean values of firefighters on or who never entered the GZ site.  On the other hand, Dalgren 2007 saw that certain PCB levels were markedly elevated in the sera of 7 first responders compared to general population norms .    For example, all 7 were above the median value of the CDC NHANES study, 3 were above the 75th percentile, 2 above the 90th and one above the 95thpercentile.   For several measured congeners the 2 highest firefighters had levels above the NHANES detection limit, where 95% of the unexposed population was below it.  These data indicate that PCB levels in the sera of at least some  first responders were elevated relative to the general population.  ioxin-like compounds  were present at elevated levels in the air immediately after 9/11/01.  These compounds are formed when chlorinated plastics like PVC are burned under certain conditions of temperature, oxygen and pressure.  The levels of dioxin and dioxin like compounds (furans and various congeners) were markedly elevated in initial area samples taken at the periphery of the WTC site (Ground Zero, GZ).  (Please see the discussion of PAH for the limitations of these samples to estimate exposure for those at GZ itself.)  At least 6 samples taken in late September or  early October yielded levels of total TCDD equivalents greater than 100 pg TEQ/m3, with the highest levels measured being 170 pg TEQ/m3 .  These were the highest ambient levels ever recorded.  (Lorber et al,  2007).  In comparison, typical urban ambient measurements or apporoximately 0.1 pgTEQ/ m3 and levels  reported downwind from incinerators are on the order 1-5 pgTEQ/ m3.  This would indicate substantial exposure to dioxin-like compounds.  The USEPA did not find elevated levels of TCDD in house dusts. However, analyses of window films obtained from buildings at various distances from the WTC found that concentrations of 2,3,7,8-TCDD were 400 times higher In a sample from Church and Warren Street than samples taken at New York University and in Brooklyn Rayne, Ikonomou et al. 2005


( ADDIN EN.CITE )
.    


Dioxins have relatively long half lives in the human body; for TCDD half life is estimated to be 7 years(MMWR, 1988).  Edelman et al, 2004 measured 15 dioxin like compounds in the sera of ~350 firefighters .  Only one congener was higher in the exposed firefighters compared to those who did not enter the site.  The mean values were 27.8 ppt for all on site firefighters, 30.1 ppt for those present at the collapse, 26.2 ppt for those arriving after the collapse (day 1 and 2) and 30.6 ppt for those in Special Operations Command.  Firefighters not at the site had and average level of 19.2 ppt.  There was no increase in TCDD levels compared to controls (please see PAH discussion for the limitations of the data presented in Edelman et al, 2004).  In contrast, the average levels reported for ~1,250 Ranch Hands  10 years after Vietman was 49 ppt and ranged to 313 ppt.   This work reported that 20 ppt was the highest level generally seen in the general population.  Again, no significant increase in TCDD levels were reported by Edelman, et al 2004.   


d. Particulates are non-fibrous and fibrous inorganic particles:  The non-fibrous are silica, coal mine dust, and a variety of metallic and non-metallic crustal silicates.  Although silica has been associated with lung cancer, this risk occurs in individuals with concomitant scarring and inflammation.  The fibrous particles include the commercial types of asbestos which are all known to be carcinogens (chrysotile, amosite, crocidlite, anthophyllite).  These are all hydrated magnesium silicates, and the main non-asbestos fiber that is a known carcinogen is the fibrous zeolite erionite.  Erionite is a fibrous aluminum silicate.  Other fibers may contaminate commercial products and be a cause of cancer including tremolite, and possibly other fibers in vermiculite.  Man-made vitreous fibers, rock wool, fibrous glass, glass shards, and other fiber-like fragments either do not have any association with cancer or very limited data.  Air pollution epidemiological studies have shown that PM less than 2.5 microns is associated with an increased mortality for lung cancer in studies of the cohort formed by the  American Cancer Society and studied using time-series in Metropolitan Statistical Areas with PM measurements over time, and corroborated by the Harvard six-cities study followed prospectively.  In addition, biomass indoor air pollution from poorly ventilated cooking stoves has noted increased lung cancer in women.  Diesel exhaust has been implicated as a cause of lung cancer in large mortality studies of railroad workers and recently in non-metallic underground miners.  This latter cohort of more than 10,000 miners exposed to high diesel exhaust concentrations without confounding by radon had more than a 25% increase in lung cancer mortality.  A subsequent case-control study corroborated this increase and differentiated the risk from cigarette smoking.  Bronchoalveolar lavage studies of asbestos workers and one FDNY worker have shown chrysotile and amosite asbestos fibers in the BAL cells.  These have ranged from 30 to 300 or more per million alveolar macrophages.  In the one FDNY individual studied, an uncoated asbestos fiber was observed, a metallic fiber of chromium, fly ash particles, and degraded fibrous glass were observed two weeks post-9/11.   


 e.  Carcinogenic metals 


As noted in Table 1, five metals are listed as known human carcinogens by IARC; all increase risk for lung cancer with other cancer sites of sufficient or limited evidence in humans varying by metal. 


WTC exposures to metals were thought to have been exceedingly complex. Cahill and colleagues developed the incinerator hypothesis to describe the liberation of metals from debris at temperatures they would not normally volatilize at. (Cahill et al. Chap. 9 Very Fine Aerosols from the World Trade Center Collapse Piles: Anaerobic Incineration? Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy OR Aerosol Science and Technology, 38:165–183, 2004) This resulted in liberation of “unprecedented” (Cahill Aerosol Science and Technology, 38:165–183, 2004) levels of two IARC group 1 metal carcinogens, nickel and arsenic, in aerosol plumes measured in October, 2011. 


Groups at risk for metal exposures include workers at the WTC site (plume lofting was thought to protect wider areas of NYC [Cahill Aerosol Science and Technology, 38:165–183, 2004]) and those with short-term exposure to the initial dust cloud and those with longer-term exposure to dusts resuspended during cleanup; (Plumlee et al. Chap. 12 Inorganic Chemical Composition and Chemical Reactivity of Settled Dust Generated by the World Trade Center Building Collapse. Urban Aerosols and Their Impacts: Lessons Learned from the World Trade Center Tragedy). In addition, since metals are persistent in environment, infants and toddlers may be exposed to metals in dust in residential areas that were incompletely remediated. Some metals, such as cadmium, bioaccumulate in the body, resulting in persistent exposure from endogenous sources. Further factors raising concern for metals include the potentially large load deposited in the lungs of those in the initial WTC collapse with uncertain impact on half-life and interaction with high dust pH. 


As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007)


f.  Volatile organic compounds (VOCs)


As noted in Table 1, three VOCs, benzene, 1,3 butadiene and formaldehyde, are listed as known human carcinogens by IARC; all increase risk for hematopoetic cancer. Formaldehyde also increases risk for nasopharyngeal cancer with limited evidence for nasal cavity and paranasal sinus cancer.  Hematopoetic cancers, such as leukemia, have the shortest latency of the chemically-related cancers  and so it is biologically plausible that leukemias diagnosed to date in exposed WTC populations are related to 9/11.


Other VOCs, such as tetrachloroethylene and trichloroethylene, are considered group 2A probable human carcinogens that impact the hematopoetic system 


Benzene, 1,3 butadiene and formaldehyde are common exposures present in combustion products. 


Groups with potential for exposure to these VOCs include workers on the pile and those exposed to diesel exhaust. VOCs are not persistent in environment and do not accumulate in body.


As with other WTC exposures, varying  exposure levels have been reported and monitoring was limited  (Lioy EHP 2002 ; Lorber Risk Analysis 2007; Geyh J Occ Environ Hyg2005). However, benzene and 1,3-butadiene were among the 11 VOCs monitored in and near GZ to determine if the area was safe for entry by rescue workers and firefighters (Lorber Risk Analysis 2007). These samples were mainly 4 min samples with a few 24-hour samples. Of the VOCs monitored, benzene levels were noted to be measureable the greatest distance from GZ with levels approaching the ATSDR Intermediate (>14-364 days) MRL although for a duration likely less than 45 days (Lorber Risk Analysis 2007). Descriptions of air in lower Manhattan and diesel exhaust (Landrigan 2004) suggest that more frequent air monitoring would have indicated higher levels. 


2.  Mechanisms of carcinogenesis and role of inflammation


a. Overview of Carcinogenesis


As presented by Committee member Dr. Elizabeth Ward and elaborated on by Dr. Julia Quint, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 


b. Mechanistic Data on Chemical Carcinogenesis and Current Uses of the Data


Advances in the scientific understanding of cancer biology and the use of bioanalytical approaches (transcriptomics,  proteomics, metabolomics, and toxicogenomics) have significantly improved research on the mechanisms of chemical carcinogenesis.  In addition to using established short-term tests to determine whether chemicals damage DNA or cause genotoxic effects, scientists are now determining the effects of chemicals on epigenetic mechanisms such as DNA methylation, apoptotic response, and cell signaling pathways.  This is an important advancement since altered DNA methylation in key regulatory genes may be an early and significant event in the development of human cancer (Mulero-Navarro et al., 2008; Baylin et al., 2005). 


Cancer mechanistic data and information are currently used to predict carcinogenicity, to inform the hazard identification process of cancer risk assessments, and to identify and classify agents that cause cancer.  Gene expression biomarkers can distinguish between carcinogens and non-carcinogens in acute and subchronic in vivo and in vitro studies, and can predict carcinogenicity with high degrees of specificity and sensitivity (Tsujimura et al., 2006; Nakayama et al., 2006; Nie et al., 2006; Thomas et al., 2007). Tests based on toxicogenomic and classification methods eventually may replace the two-year rodent cancer bioassays that currently are used to identify chemical carcinogens.  In its Guidelines for Carcinogen Risk Assessment (US EPA, 2005), the US EPA emphasizes the use of mechanistic data in evaluating the modes of actions of chemicals.  IARC relies on mechanistic and other relevant data, in addition to epidemiological studies and cancer bioassays, in assessing carcinogenicity.  An agent is identified as carcinogenic to humans if there is sufficient evidence in animal bioassays and “strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity” (IARC, 1991). The NTP, US EPA, and Germany have adopted IARC’s approach of using information on mechanisms of carcinogenicity (NTP, 2000; US EPA, 2005; MAK, 2010).  Information obtained from mechanistic studies also may be used to classify cancer and predict its clinical course (Hoffman and Schulz, 2005) and to identify new cancer therapies (Yamamoto and Gaynor, 2001).


c. Mechanisms of Specific WTC Human Carcinogens and the Role of Inflammation


Table 5 shows established mechanistic events related to causing human cancer for seven WTC human carcinogens (IARC Working Group, 2009).  The data support the view that chemicals agents act through multiple mechanisms or modes of action to induce cancer.  Based on the strength of existing evidence, arsenic, chromium VI compounds, nickel compounds and asbestos induce cancer through both genotoxic and epigenetic modes of action.  Beryllium acts through genotoxic modes of action, and cadmium and silica act through epigenetic modes of action. Chromium VI compounds, nickel compounds, beryllium, and asbestos can damage DNA through direct interactions, whereas arsenic increases oxidative DNA damage and does not interact directly with DNA. 


 Inflammation is an established mechanism of asbestos and silica-induced cancer in humans (Table 5).  Based on several lines of evidence, inflammation also is postulated as a mechanism for human cancers caused by exposures to arsenic, nickel compounds, chromium VI, and beryllium (IARC, 2011).  Inflammation can accelerate multiple stages of carcinogenesis and is thought to be an important factor in the development of cancer. It is a normal physiologic process in response to tissue damage resulting from chemical irritation and/or wounding. Inflammation usually is a self-limited process that results in repair of damaged tissue.   However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.  Critical evidence for the role of   inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk.  Examples include the inflammatory diseases, ulcerative colitis and Crohn’s disease, and predisposition to cancer of the large bowel; and chemical injury caused by chronic reflux of gastric acid and bile into the distal esophagus, and development of Barrett’s esophagus and esophageal adenocarcinoma.  Extensive experimental data on several WTC human carcinogenic agents also provide evidence for the role of inflammation in carcinogenesis.  


Studies in animals show that asbestos fibers induce macrophage activation and persistent inflammation that contribute to tissue injury and cell proliferation. In a similar manner, rats exposed to crystalline silica develop a severe, prolonged inflammatory response that is characterized by elevated neutrophils, proliferation of epithelial cells, and lung tumors. Consistent with the silica effects in rodents, a recent study showed significant, dose-related secretion of cytokines and alterations in gene expression by human lung epithelial cells exposed for 24 hours to crystalline silica, but not to amorphous silica (Perkins et al., 2012). 


Arsenic-induced increases in inflammation have been reported in numerous studies (NRC, 1999; Straub et al., 2007). The inflammatory process involves arsenic activation of the transcription factor, NF-kB (Barchowsky et al., 1999).  In mice, low levels of arsenic promote progressive inflammatory angiogenesis, which provides a blood supply to tumors  (Straub et al., 2007).  The NF-kB inflammatory signaling pathway is activated in infants born to mothers exposed to high levels of arsenic in drinking water (Fry et al., 2007).  A single exposure to particulate chromium VI results in inflammation of lung tissue in mice that persists for up to 21 days.  Repetitive exposure induces chronic lung injury and an inflammatory microenvironment that is consistent with the promotion of chromium VI-induced lung cancer (Beaver, et al., 2009).  Evidence that inflammation may contribute to nickel-induced carcinogenesis is based on studies which show that nickel compounds cause significant increases in oxidative DNA damage with concomitant inflammation in the lungs of rats (Kawanishi et al., 2001). In a review of the available studies on beryllium-induced cancer, IARC concluded that “the inflammatory processes associated with the development of acute or chronic beryllium disease could plausibly contribute to the development of lung cancer by elevating the rate of cell turnover, by enhancing oxidative stress, and by altering several signaling pathways involved in cell replication” (IARC, 2011).


d. WTC-Related Respiratory Conditions and WTC Dust—Evidence of Inflammatory Processes


A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals (Caplan et al.,) .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].


Studies of the effects of WTC dust particles on mice and on cultured human cells provide mechanistic evidence for the role of inflammatory processes in WTC-related respiratory conditions.  Gavett et al. found significant neutrophilic inflammation in the lungs of mice and an increase in airway hyper-responsiveness to methacholine challenge following exposure to a single oropharyngeal aspiration of fine WTC dust (mass-median aerodynamic diameter of less than 2.5 µm or PM2.5). [Gavett et al., 2003].   Exposure of human primary alveolar marcrophages and type II epithelial cells, key lung cell populations, to WTC dust particles (WTC PM2.5) caused time- and dose-related increases in the formation/release of pro-inflammatory cytokines/chemokines that contribute to inflammation and airway remodeling processes (Payne et al., 2004).  A recent study (Wang et al., 2010) of WTC PM2.5 exposure in lung epithelial cells demonstrated that activation of mitogen-activated protein kinase signaling pathway(s) likely played an important role in the dose-dependent increase of cytokine formation by the cells.  The authors postulate that WTC-induced cytokine induction at low doses (0-200 µg/mL) and short time intervals (5 hr) in their study compared to the Payne et al. study (500 -2000 µg/mL and 24 hr) (Payne et al., 2004) may help to explain why the incidence of asthma and other inflammation-associated diseases were increased in both First Responders as well as among Metropolitan area residents 20-30 miles away from Ground Zero.  


Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 


3. Evidence regarding cancer from completed incidence studies


One study has been published regarding cancer outcomes among 9,853 men who were employed as firefighters as of January 1, 1996, and were or would have been less than 60 years of age on 9/11/2001.   8927 of them were WTC-exposed.  Cancers (excluding basal cell skin cancers) diagnosed between 1996 and 2008 were identified from  5 state cancer registries and from  self-reports on questionnaires administered during routine mandatory FDNY wellness evaluations performed every 12-18 months and subsequently verified by review of medical records.   


Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years, based on sex, age, race, and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were calculated for the exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, because firefighters constitute an unusually fit and healthy population who might be expected to have lower age-adjusted cancer rates than the general population, SIR Ratios were calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early  diagnosis (surveillance bias) through lagging the diagnosis dates for two years for all cancers potentially identified by WTC-related medical screening  in the FDNY medical surveillance program.  


Strengths of the study included its probably near-complete case-finding, reliable (albeit crude) exposure information, lack of selection bias, and inclusion of a control population with equivalent non-WTC environmental and occupational exposures.  Weaknesses include exclusion of women, children, and elderly persons,  insufficient power to detect differences in most specific cancer types, insufficient exposure data and insufficient variability in exposure to evaluate for a dose-response effect, and short follow-up time relative to cancer latency.  


263 total cancers were documented in 61,884 person-years after WTC exposure, among whom 238 would have been expected from SEER-13 data, yielding a Standardized incidence ratio (SIR) of 1.10, with 95% confidence interval 0.98 to 1.25---just missing statistical significance.    For the 60,761 unexposed person-years, however, the SIR estimate was 0.84 (0.71 to 0.99), indicating that, absent WTC exposure, firefighters have a lower than predicted cancer incidence (an example of the healthy worker effect).  Comparing exposed to unexposed, the estimated SIR ratio was 1.32, with confidence intervals 1.07 to 1.62, demonstrating that WTC exposure increased risk of cancer approximately 32% over that expected in this worker population.  

After introducing an artificial 2-year lag time in cancer diagnosis for thyroid, lung, and prostate cancers and for lymphoma (to “correct” for possible surveillance bias), the total number of diagnosed cancers in the exposed population would have been 242 and the estimated SIR ratio would have been 1.21, with confidence interval 0.98 to 1.49---just missing statistical significance, but still far more likely than not reflecting a small excess of cancers among exposed firefighters. Arguing against a more severe surveillance bias is that cancer staging did not demonstrate an earlier stage of diagnosis in the exposed as compared to the unexposed.

For each individual type of cancer, too few cases occurred to allow detection of statistically significant increases (or decreases) in cancer risk, as judged by the SIR ratio of surveillance-bias-corrected incidence patterns.  However, for thyroid cancer, melanoma, and non-Hodgkin’s Lymphoma, SIR ratios were substantially higher than 1.0 and approached statistical significance. Regarding prostate cancer, consistent with prior studies (LeMasters et al, JOEM 48:1189-1202, 2006), even the unexposed firefighters had slightly and statistically significantly higher incidence than predicted, with SIR 1.35.  The WTC-exposed FDNY group did not show an increased risk over unexposed, with estimated SIR ratio 0.90 (after correction for possible surveillance bias).  Therefore, despite the statistically significant SIR for prostate cancer in WTC-exposed compared to the general population, the Zeig-Owens study does not provide evidence for an increased risk of prostate cancer associated with WTC exposures.

Data from this study for cancer sites with some evidence of increased risk are shown in Table 4. 


Views on the committee are mixed regarding the  interpretation of the elevated all-cancer SIR in the Zeig-Owens study.  Some believe that  these results strongly suggest an increased cancer risk in association with WTC exposure---at least the relatively high level of exposure that was prevalent among firefighters, and c that the detection of this risk  with only a little over seven years of post-9/11 data,  the ultimate magnitude of the increased risk is likely to be higher than 32%.  Others believe that the increased cancer risk may reflect in part increased risks of cancer resulting from pre-9/11 occupational exposures to carcinogens, consistent with increased risks of several cancers found among firefighters in a recent meta-analysis (LeMasters et al .  JOEM 2006).  There is also concern that correction for surveillance bias by introducing a two-year lag period is inadequate, and that surveillance bias was not corrected for in melanoma, a site that is subject to early detection by medical surveillance.  

Additional post-WTC cancer incidence results are expected to come from the non-FDNY WTC Responder Consortium, the WTC registry cohorts and from the FDNY EMS cohort in the near future.  The STAC has not had access to and therefore has not based current recommendations on those studies. Given the paucity of epidemiological studies to date, additional studies can be expected to inform the body of knowledge on the issue of WTC and cancer risk, though the limitations of surveillance bias, sample size, selection bias, limited follow-up and others may persist. However, none of those studies is likely to yield improved estimates of relative risk for WTC-exposed person, because selection bias, surveillance bias, and uncertain exposure status are likely to be much more prominent in the non-FDNY cohorts and because the EMS cohort is relatively small
.


4.  Inclusion of rare cancers   That rare cancers are difficult to study has been readily acknowledged and has drawn recent attention from the National Cancer Institute and cancer registries (Greenlee, Public Health Reports, 2010; NCI Workshop- see Greenlee reference #2). Cancers that are rare by site (e.g., liver angiosarcoma) (Creech and Johnson) or age (eg – lung cancer in men in the early 30’s) (BCME report in NEJM
) have served as sentinel events in occupational settings. Unusual cancers that occur among WTC responders and survivors may be difficult to link to WTC exposures, because the populations at risk, though sizable, are limited and therefore may undermine the capacity of epidemiologic methods to provide statistically stable estimates of relative risk. Animal studies of rare cancers are also of limited use, because cancer sites in humans and animals exposed to the same agents frequently don’t match. Since customary study methods are unlikely to clarify whether rare cancers among WTC-exposed populations –unless they occur in sizable clusters – are likely to be related to WTC exposures and additionally, given the sizable number of carcinogens (and related cancer sites) present in WTC smoke and dust, it is reasonable to include rare cancers among the list of cancers that WTC exposures may be expected to cause.


Defining a rate that delineates rare cancers from less rare cancers is difficult. An NCI workshop on this topic held in 2007 used an incidence of 150 cases per 1 million per year as a cut point (See Greenlee reference #2). This definition has the consequence that 25% of all adult cancers in the US would be classified as rare (Greenlee 2010). Additional definitions – 10 cases per million per year and 1 case per million per year – have also been examined (Greenlee 2010).


For the purposes of potential WTC exposure-related cancers, a sensible approach would be to use the size of the at-risk populations under study and the associated estimates of person-years with accepted levels of relative risk (e.g., two-fold increase) and error (e.g.,  alpha =.05, beta = 0.20) in order to determine the underlying site-specific cancer incidence that might be capable of study. All site-specific incidence rates below that specified incidence would then be considered rare. Gender and age could be factored into these determinations.  Although this incidence estimate could be made at present based on the FDNY cancer study, results of the forthcoming cancer studies, the WTC Responder study and the NYC DOHMH WTC Health Registry study, will increase the estimates of person-years and improve the determination of a threshold incidence to define a rare cancer.


We emphasize that this is one possible approach to defining rare cancers that has the advantage of using WTC population-specific data, but that there are additional approaches to defining rare cancers for the purposes of determining a policy decision about WTC-related cancers.


5.  Inclusion of childhood cancers:  The unique vulnerability of children to synthetic chemicals commonly found in the environment has been documented in the landmark 1993 US National Academy of Sciences report.National Research 1993()
 Children drink more water, breathe more air and eat more food per pound, and have higher exposures than adults.Thurlbeck 1982


( ADDIN EN.CITE ; Trasande and Thurston 2005)
  Their developing organ systems are also more vulnerable to and less well able to detoxify or eliminate many chemicals.Ginsberg, Hattis et al. 2004


( ADDIN EN.CITE ; Grandjean and Landrigan 2007)
 Together, these aspects of early life development increase the likelihood of lifelong organ system impairment following exposure to environmental chemicals.Rice and Barone Jr 2000()
 Children also have greater years of life in which chronic conditions can occur as a result of early life exposures.Bearer 1995()
 The chemicals associated with childhood cancer include pesticides, benzene and 1,3-butadiene.


Children who attended schools and lived near the World Trade Center site experienced exposures in the range of responder populations in which increases in cancers have been documented.  Given the baseline relative infrequency in which cancer occurs in children, and the limited statistical power of even a study of all 14,000 children who lived south of 14th Street on September 11, 2001, no negative study will eliminate the possibility of causation.  Indeed, this is an area of need for research, yet such research should not preclude a measure of caution taken in including coverage for all cancers incident before age 21 insofar as a health care provider confirms substantial likelihood of association with World Trade Center exposures. 


I. Summary of Cancer Classifications for COPC and Select Other Agents 


IARC Group 1—Carcinogenic to Humans


This category is used when there is sufficient evidence of carcinogenicity in humans. Exceptionally, an agent may be placed in this category when evidence of carcinogenicity in humans is less than sufficient but there is sufficient evidence of carcinogenicity in experimental animals and strong evidence in exposed humans that the agent acts through a relevant mechanism of carcinogenicity.


		Agent

		Category

		Exposure Information



		

		IARC

		NTP

		



		Arsenic

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Arsenic.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol84/mono84-6E.pdf



		Asbestos

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Asbestos.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-20.pdf



		Benzene

		1

		A

		



		NTP hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-24.pdf



		IARC hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Benzene.pdf



		Benzo[a]pyrene (PAHs)

		1

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Beryllium

		1

		A

		



		NTP hyperlink:

		 http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Beryllium.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol58/mono58-6.pdf





		1,3-Butadiene

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Butadiene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol97/mono97.pdf



		Cadmium and compounds

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Cadmium.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol58/mono58-7E.pdf



		Chromium VI

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/ChromiumHexavalentCompounds.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-6.pdf



		Formaldehyde

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Formaldehyde.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol88/mono88-6.pdf



		Nickel compounds

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nickel.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-7.pdf



		Quartz

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Silica.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol68/mono68-6.pdf



		Soot


		1

		B

		



		NTP hyperlink

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Soots.pdf



		IARC hyperlink

		http://monographs.iarc.fr/ENG/Monographs/vol35/volume35.pdf



		Sulfuric Acid

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/StrongInorganicAcidMists.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol54/mono54-6.pdf



		Vinyl chloride

		1

		A

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/VinylHalides.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol97/mono97-8.pdf





IARC Group 2A—Probably Carcinogenic to Humans

This category is used when there is limited evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent may be classified in this category when there is inadequate evidence of carcinogenicity in humans and sufficient evidence of carcinogenicity in experimental animals and strong evidence that the carcinogenesis is mediated by a mechanism that also operates in humans. Exceptionally, an agent may be classified in this category solely on the basis of limited evidence of carcinogenicity in humans. An agent may be assigned to this category if it clearly belongs, based on mechanistic considerations, to a class of agents for which one of more members have been classified in Group 1 or in Group 2A.


		Agent

		Category 

		Exposure Information



		

		IARC

		NTP


		



		Benzyl Chloride

		2A

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-19.pdf



		Biomass fuel 


(primarily wood, indoor emissions from household combustion)

		2A

		NL

		



		NTP hyperlink

		Not applicable



		IARC hyperlink

		http://monographs.iarc.fr/ENG/Monographs/vol95/mono95-6A.pdf



		Dibenz[a,h]anthracene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Engine Exhaust, diesel

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/DieselExhaustParticulates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol46/volume46.pdf



		Ethylene Dibromide

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dibromoethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-28.pdf



		Lead (inorganic)

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Lead.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol87/index.php



		Nitrate ion (ingested)

		2A

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol94/mono94-6F.pdf



		Polychlorinated Biphenyls

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolychlorinatedBiphenyls.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/suppl7.pdf



		Tetrachloroethylene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Tetrachloroethylene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/volume63.pdf



		Trichloroethylene

		2A

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Trichloroethylene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/mono63-6.pdf





IARC Group 2B—Possibly Carcinogenic to Humans

This category is used for agents for which there is limited evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in experimental animals. It may also be used when there is inadequate evidence of carcinogenicity in experimental animals. In some instances, an agent for which there is inadequate evidence of carcinogenicity in humans and less than sufficient evidence of carcinogenicity in experimental animals, together with supporting evidence from mechanistic and other relevant data, may be placed in this group. An agent may be classified in this category solely on the basis of strong evidence from mechanistic and other relevant data.


		Agent

		Category 

		Exposure Information



		

		IARC

		NTP


		



		Acrylonitrile

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Acrylonitrile.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-7.pdf



		Antimony trioxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol47/volume47.pdf



		Benzene Hexachloride 


(syn: lindane)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Lindane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/suppl7/Suppl7-88.pdf 



		Benz[a]anthracene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Benzo[b]fluoranthene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Benzo[k]fluoranthene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		Bromodichloromethane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Bromodichloromethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-73.pdf



		Carbon tetrachloride

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/CarbonTetrachloride.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/volume71.pdf



		Cobalt sulfate and soluble cobalt

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/CobaltSulfate.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol86/mono86-6E.pdf 



		Chlordane

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-17.pdf



		4-Chloroaniline

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol57/mono57-21.pdf



		Chloroform

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Chloroform.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-10.pdf



		Chrysene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol92/mono92-10.pdf



		DDT

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorodiphenyltrichloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		1,4-Dichlorobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-13.pdf



		3,3'-Dichlorobenzidine

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichlorobenzidine.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol99/mono99-10.pdf



		p,p'-Dichlorodiphenyl-dichloroethane  (TDE)

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		p,p'-Dichlorodiphenyl-dichloroethylene (DDE)

		2B

		NL

		



		NTP hyperlink:

		



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol53/mono53-9.pdf



		1,2-Dichloroethane


 (syn: Ethylene dichloride)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-21.pdf



		2,4-Dinitrotoluene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/mono65-9.pdf 



		2,6-Dinitrotoluene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/volume65.pdf





		1,4-Dioxane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dioxane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-25.pdf



		Ethylbenzene

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol77/mono77-10.pdf



		Heptachlor

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-17.pdf



		Hexachlorobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Hexachlorobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-18.pdf



		Hexachloroethane

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Hexachloroethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-15.pdf



		Indeno[1,2,3-cd]pyrene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/PolycyclicAromaticHydrocarbons.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol32/volume32.pdf



		Methylene chloride 


(syn: dichloromethane)

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Dichloromethane.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol32/volume32.pdf



		Mirex

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Mirex.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol20/volume20.pdf



		Naphthalene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Naphthalene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol82/mono82-8.pdf



		Nickel metallic

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nickel.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol49/mono49-7.pdf



		Nitrobenzene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nitrobenzene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol65/mono65-11.pdf



		N-Nitroso-Di-n-propylamine

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Nitrosamines.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol17/volume17.pdf



		Pentachlorophenol

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-34.pdf



		Styrene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Styrene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol82/mono82-9.pdf



		Titanium Dioxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol93/mono93-7F.pdf



		Toxaphene

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Toxaphene.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol79/mono79-19.pdf



		2,4-Toluenediisocyanate

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/TolueneDiisocyanates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-37.pdf



		2,6-toluene diisocyanate

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/TolueneDiisocyanates.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-37.pdf



		2,4,6-Trichlorophenol

		2B

		B

		



		NTP hyperlink:

		http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Trichlorophenol.pdf



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol71/mono71-34.pdf



		Vanadium Pentoxide

		2B

		NL

		



		NTP hyperlink:

		Not applicable



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol86/mono86-10.pdf



		Vinyl acetate

		2B

		NL

		



		NTP hyperlink:

		



		IARC hyperlink:

		http://monographs.iarc.fr/ENG/Monographs/vol63/mono63-19.pdf





Table 2. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans 
 ADDIN EN.CITE 
(Cogliano, Baan et al. 2011)
.


		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic


   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung


Skin


Urinary bladder

		Kidney


Liver


Prostate



		Asbestos (all forms)

		Larynx


Lung


Mesothelioma


Ovary

		Colorectum


Pharynx


Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney


Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia


Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung


Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung


Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung


Non-Hodgkin lymphoma


Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		





Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence 
 ADDIN EN.CITE 

(Cogliano, Baan et al. 2011)


		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung


Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma


Soft-tissue sarcoma



		Tetrachloroethylene

		Cervix


Non-Hodgkin Lymphoma


Esophagus



		Trichloroethylene

		Liver and biliary tract


Non-Hodgkin Lymphoma





Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation


		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux





Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 


		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans 
 ADDIN EN.CITE 

(Cogliano, Baan et al. 2011)


		WTC-related Conditions

		FDNY Study


Cancers with Elevated Standardized


Incidence Ratios (SIR’s)
 ADDIN EN.CITE 
(Zeig-Owens, Webber et al. 2011)
. **Statistically significant effects



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)




		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde




		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		GERD

		



		      Stomach

		Limited: Asbestos (all forms)


Limited: Lead compounds, inorganic




		GERD

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)**



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.82 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride


Limited: Arsenic and inorganic arsenic compounds


Limited: Polychlorinated biphenyls


Limited: Trichloroethylene



		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal


       sinus

		Sufficient: Nickel compounds


Limited: Chromium(VI) compounds


Limited: Formaldehyde

		Chronic nasopharyngitis


Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic


Sufficient: Asbestos (all forms)




		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds


Sufficient:  Asbestos (all forms)


Sufficient:  Beryllium and beryllium compounds


Sufficient:  Cadmium and cadmium compounds


Sufficient:  Chromium(VI) compounds


Sufficient:  Nickel compounds


Sufficient:  Silica dust, crystalline


Sufficient:  Soot


Limited:  Acid mists, strong inorganic


Limited:  Engine exhaust, diesel


Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin


Limited:  Welding fumes

		Interstitial lung disease


Chronic respiratory disorder – fumes/vapors


Reactive airways disease syndrome (RADS)


Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Melanoma



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		33

		21

		1.54 (1.08–2.18)**



		

		

		

		Non-exposed

		15

		16

		0.95 (0.57–1.58)



		

		

		

		SIR ratio*

		1.61 (0.87–2.99



		

		

		

		



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds


Sufficient:  Soot




		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)




		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)


Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)




		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds


Limited: Cadmium and cadmium compounds


 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)**



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)**



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds


Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds


Limited: Engine exhaust, diesel

Limited: Soot




		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		Extensive foreign body washout required

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid




		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)**



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)**



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene


Sufficient:  1,3-Butadiene


Sufficient:  Formaldehyde


Limited: Polychlorophenols or their sodium salts (combined exposures)


Limited: Styrene


Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		Sarcoidosis

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)**



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		





*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.


.

Table 5.  WTC Human Carcinogens with established mechanistic events for tumor sites (or types) for which there is sufficient evidence in humans (adapted from IARC Monograph Working Group, 2009)


		WTC Human Carcinogen

		Tumor sites (or types) for which there is sufficient evidence in humans




		Other sites with


limited evidence 


in humans 

		Established mechanistic events



		Arsenic and Inorganic 


arsenic compounds




		Lung, skin, urinary bladder

		Kidney, liver, prostate

		Oxidative DNA damage, genomic instability, aneuploidy, gene amplication, epigenetic effects, DNA-repair inhibition leading to mutagenesis



		Asbestos (chrysotile, crocidolite, amosite, tremolite, actinolite, and anthophyllite)

		Lung, mesothelioma, larynx, ovary

		Colorectum, pharynx, stomach

		Impaired fiber clearance leading to macrophage activation, inflammation, generation of reactive oxygen and nitrogen species, tissue injury, genotoxicity, aneuploidy and polyploidy, epigenetic alteration, activation of signaling pathways, resistance to apoptosis 



		Beryllium and beryllium compounds

		Lung

		--

		Chromosome aberrations, aneuploidy, DNA damage



		Cadmium and Cadmium compounds

		Lung

		Prostate, kidney

		DNA-repair inhibition, disturbance of tumor-suppressor proteins leading to genomic stability



		Chromium (VI) compounds

		Lung

		Nasal cavity and paranasal sinuses

		Direct DNA damage after intracellular reduction to Cr(III), mutation, genomic instability, aneuploidy, cell transformation



		Nickel compounds

		Lung, nasal cavity, and paranasal sinuses

		--

		DNA damage, chromosome aberrations, genomic instability, micronuclei, DNA-repair inhibition, alteration of DNA methylation, histone modification



		Silica dust, crystalline in the form of quartz or crystobalite

		Lung

		--

		Impaired particle clearance leading to macrophage activation and persistent inflammation
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BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.
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CONTEXT: After the World Trade Center (WTC) collapse, 15% (1,767) of rescue workers from the Fire Department of the City of New York (FDNY) considered themselves to be current cigarette smokers. Post-WTC collapse, 98% reported acute respiratory symptoms, and 81% reported health concerns. Nonetheless, 29% of current smokers increased tobacco use, and 23% of ex-smokers resumed cigarette smoking. OBJECTIVE: To determine the effect of a comprehensive tobacco-cessation program using combination tobacco-dependency treatment medications adjusted to the individual's daily tobacco use. DESIGN: FDNY cigarette smokers enrolled in "Tobacco Free With FDNY," a no-cost quit-smoking program providing counseling, support, and medications. At the end of the 3-month treatment phase and at the 6-month and 12-month follow-up visits, abstinence rates were confirmed by expired carbon monoxide levels or by the verification of a household member. SETTING: FDNY Bureau of Health Services between August 1, 2002 and October 30, 2002. PARTICIPANTS: A total of 220 current cigarette smokers from the FDNY. RESULTS: At study enrollment, the mean (+/- SD) tobacco use was 20 +/- 7 cigarettes per day, and the mean tobacco dependency, as assessed by a modified Fagerstrom test score, was 6.7 +/- 2.5 (maximum score, 10). Based on tobacco use, 20% of enrollees used three types of nicotine medications, 64% used two types, 14% used one type, and 3% used no medications. Additionally, 14% of enrollees used bupropion sustained release. The confirmed continuous abstinence rates were 47%, 36%, and 37%, respectively, after 3 months of treatment and at the 6-month and 12-month follow-up. Abstinence rates did not correlate with the history of tobacco use but correlated inversely with tobacco dependency. Adverse events and maximal nicotine medication use were unrelated, and no one experienced a serious adverse event. CONCLUSION: Tobacco dependency treatment using combination nicotine medications is effective and safe. Future studies should consider the following: (1) both history of tobacco use and withdrawal symptoms to determine the number and dose of nicotine medications; and (2) continuing combination treatment for > 3 months.
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CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.
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A relational retrieval database has been developed compiling toxicological studies that assess whether a single dose of a chemical or physical agent, without exogenous promotional stimuli, could cause tumor development in animal models. This database allows for an evaluation of these studies over numerous parameters important to tumor outcome, which include type and quality of the studies as well as physical/chemical properties of the agents. An assessment of the database, which currently contains approximately 5500 studies involving about 800 chemicals from 2000 articles, reveals that a single dose of an agent can cause tumors to develop in males and females of numerous animal models in all principal age groups. In addition, the range of the 426 agents causing a positive response is chemically diverse, with representatives from over several dozen chemical classes. The dose caused a tumor endpoint was generally not acutely life threatening and was frequently a low proportion of the LD50 (i.e., less than 1/50 LD50). Positive responses also were reported via multiple routes of exposure, mainly oral, by injection, or dermal. These findings indicate that the phenomenon of single-exposure carcinogenesis is widespread and highly generalizable across chemical class, route, dose range, species, age, and gender. Single-exposure carcinogenesis, a concept long de-emphasized by regulatory agencies, requires a careful and formal consideration, especially as it may pertain to accidental spills, leaks, fires, explosions, and exposure excursions, but not necessarily limited to these.
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Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.
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A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (CI) 0.8-1.9) for possible exposure and 3.6 (95% CI 2.4-5.3) for definite exposure. A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% CI 0.8-1.8) for the lowest exposure category to 8.7 (95% CI 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% CI 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.
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The attack on the World Trade Center (WTC) created an acute environmental disaster of enormous magnitude. This study characterizes the environmental exposures resulting from destruction of the WTC and assesses their effects on health. Methods include ambient air sampling; analyses of outdoor and indoor settled dust; high-altitude imaging and modeling of the atmospheric plume; inhalation studies of WTC dust in mice; and clinical examinations, community surveys, and prospective epidemiologic studies of exposed populations. WTC dust was found to consist predominantly (95%) of coarse particles and contained pulverized cement, glass fibers, asbestos, lead, polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and polychlorinated furans and dioxins. Airborne particulate levels were highest immediately after the attack and declined thereafter. Particulate levels decreased sharply with distance from the WTC. Dust pH was highly alkaline (pH 9.0-11.0). Mice exposed to WTC dust showed only moderate pulmonary inflammation but marked bronchial hyperreactivity. Evaluation of 10,116 firefighters showed exposure-related increases in cough and bronchial hyperreactivity. Evaluation of 183 cleanup workers showed new-onset cough (33%), wheeze (18%), and phlegm production (24%). Increased frequency of new-onset cough, wheeze, and shortness of breath were also observed in community residents. Follow-up of 182 pregnant women who were either inside or near the WTC on 11 September showed a 2-fold increase in small-for-gestational-age (SGA) infants. In summary, environmental exposures after the WTC disaster were associated with significant adverse effects on health. The high alkalinity of WTC dust produced bronchial hyperreactivity, persistent cough, and increased risk of asthma. Plausible causes of the observed increase in SGA infants include maternal exposures to PAH and particulates. Future risk of mesothelioma may be increased, particularly among workers and volunteers exposed occupationally to asbestos. Continuing follow-up of all exposed populations is required to document the long-term consequences of the disaster.
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OBJECTIVE: The objective of this study was to review 32 studies on firefighters and to quantitatively and qualitatively determine the cancer risk using a meta-analysis. METHODS: A comprehensive search of computerized databases and bibliographies from identified articles was performed. Three criteria used to assess the probable, possible, or unlikely risk for 21 cancers included pattern of meta-relative risks, study type, and heterogeneity testing. RESULTS: The findings indicated that firefighters had a probable cancer risk for multiple myeloma with a summary risk estimate (SRE) of 1.53 and 95% confidence interval (CI) of 1.21-1.94, non-Hodgkin lymphoma (SRE = 1.51, 95% CI = 1.31-1.73), and prostate (SRE = 1.28; 95% CI = 1.15-1.43). Testicular cancer was upgraded to probable because it had the highest summary risk estimate (SRE = 2.02; 95% CI = 1.30-3.13). Eight additional cancers were listed as having a "possible" association with firefighting. CONCLUSIONS: Our results confirm previous findings of an elevated metarelative risk for multiple myeloma among firefighters. In addition, a probable association with non-Hodgkin lymphoma, prostate, and testicular cancer was demonstrated.


Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.



Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.
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The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.
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In the days following the collapse of the World Trade Center (WTC) towers on September 11, 2001 (9/11), the U.S. Environmental Protection Agency (EPA) initiated numerous air monitoring activities to better understand the ongoing impact of emissions from that disaster. Using these data, EPA conducted an inhalation exposure and human health risk assessment to the general population. This assessment does not address exposures and potential impacts that could have occurred to rescue workers, firefighters, and other site workers, nor does it address exposures that could have occurred in the indoor environment. Contaminants evaluated include particulate matter (PM), metals, polychlorinated biphenyls, dioxins, asbestos, volatile organic compounds, particle-bound polycyclic aromatic hydrocarbons, silica, and synthetic vitreous fibers (SVFs). This evaluation yielded three principal findings. (1) Persons exposed to extremely high levels of ambient PM and its components, SVFs, and other contaminants during the collapse of the WTC towers, and for several hours afterward, were likely to be at risk for acute and potentially chronic respiratory effects. (2) Available data suggest that contaminant concentrations within and near ground zero (GZ) remained significantly elevated above background levels for a few days after 9/11. Because only limited data on these critical few days were available, exposures and potential health impacts could not be evaluated with certainty for this time period. (3) Except for inhalation exposures that may have occurred on 9/11 and a few days afterward, the ambient air concentration data suggest that persons in the general population were unlikely to suffer short-term or long-term adverse health effects caused by inhalation exposures. While this analysis by EPA evaluated the potential for health impacts based on measured air concentrations, epidemiological studies conducted by organizations other than EPA have attempted to identify actual impacts. Such studies have identified respiratory effects in worker and general populations, and developmental effects in newborns whose mothers were near GZ on 9/11 or shortly thereafter. While researchers are not able to identify specific times and even exactly which contaminants are the cause of these effects, they have nonetheless concluded that exposure to WTC contaminants (and/or maternal stress, in the case of developmental effects) resulted in these effects, and have identified the time period including 9/11 itself and the days and few weeks afterward as a period of most concern based on high concentrations of key pollutants in the air and dust.
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OBJECTIVES: We report on cases of multiple myeloma (MM) observed in World Trade Center (WTC) responders registered in the WTC Medical Program. METHODS: Possible cases of MM diagnosed between September 11, 2001, and September 10, 2007, in responders were confirmed if they met the World Health Organization and Mayo Clinic diagnostic criteria. RESULTS: Among 28,252 responders of known sex and age, eight cases of MM were observed (6.8 expected). Four of these cases were observed in responders younger than 45 years at the time of diagnosis (1.2 expected). A slight deficit of MM cases was observed in responders older than 45 years (4 observed, 5.6 expected). CONCLUSION: In this case series, we observe an unusual number of MM cases in WTC responders under 45 years. This finding underscores the importance of maintaining surveillance for cancer and other emerging diseases in this highly exposed population.
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Substantial improvements in the past few decades in cancer detection and supportive care along with advances in therapy have led to growing numbers of cancer survivors. In view of the prolongation of survival in increasing numbers of patients, identification and quantification of the late effects of cancer and its therapy have become critical. One of the most serious events experienced by cancer survivors is the diagnosis of a new cancer. The number of patients who have second or higher-order cancers is increasing, and solid tumors are a leading cause of mortality among several populations of long-term survivors, including patients who have Hodgkin lymphoma. The focus of this article is treatment-associated malignancies in survivors of selected adult cancers.
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Although severe immune dysregulation is an established risk factor for non-Hodgkin lymphoma (NHL), it is unclear whether subclinical immune system function influences lymphomagenesis. To address this question, we conducted a nested case-control study within the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial to investigate whether circulating levels of cytokines and other immune markers are associated with future risk of NHL. Selected cytokines [interleukin (IL)-4, IL-6, IL-10, and TNF-alpha] and other immune markers [soluble TNF receptor 1 (sTNF-R1), sTNF-R2, C-reactive protein, and sCD27] were measured in prediagnostic serum specimens from 297 incident NHL cases and 297 individually matched controls. ORs and 95% confidence intervals (CI) relating quartiles of analyte concentration to NHL risk were calculated by using conditional logistic regression. Statistically significant associations with increased NHL risk were observed for elevated serum levels of sTNF-R1 (quartile 4 vs. quartile 1: OR = 1.7, 95% CI: 1.1-2.8; P(trend) = 0.02) and sCD27 (OR = 5.3, 95% CI: 2.9-9.4; P(trend) < 0.0001). These associations remained in analyses of cases diagnosed longer than 6 years following blood collection (sTNF-R1: OR = 2.1, 95% CI: 1.0-4.0, P(trend) = 0.01; sCD27: OR = 4.1, 95% CI: 1.9-8.5, P(trend) = 0.0001). Elevated levels of IL-10, TNF-alpha and sTNF-R2 were also significantly associated with increased risk of NHL overall; however, these associations weakened with increasing time from blood collection to case diagnosis and were null for cases diagnosed longer than 6 years postcollection. Our findings for sTNF-R1 and sCD27, possible markers for inflammatory and B-cell stimulatory states, respectively, support a role for subclinical inflammation and chronic B-cell stimulation in lymphomagenesis.
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Samples of ambient organic films deposited on exterior window surfaces from lower Manhattan and Brooklyn in New York City were collected six weeks after the terrorist attacks at the World Trade Center (WTC) on September 11, 2001 and analyzed for polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs). Total tetra- through octa-CDD/F concentrations in window films within 1 km of the WTC site in lower Manhattan ranged up to 630,000 pg/m2 (estimated as a mass concentration of ca. 1,300,000 pg/ g) and a maximum toxic equivalent (TEQ) concentration of 4700 TEQ/m2 (ca. 10 000 pg TEQ/g). Measurements at a background site 3.5 km away in Brooklyn showed lower concentrations at 130 pg TEQ/m2 (260 pg TEQ/g). Ambient gas-phase PCDD/F concentrations estimated for each site using an equilibrium partitioning model suggested concentrations ranging from ca. 2700 fg-TEQ/m3 near the WTC site to the more typical urban concentration of 20 fg-TEQ/m3 atthe Brooklyn site. Multivariate analyses of 2,3,7,8-substitued congeners and homologue group profiles suggested unique patterns in films near the WTC site compared to that observed at background sites in the study area and in other literature-derived combustion source profiles. Homologue profiles near the WTC site were dominated by tetra-, penta-, and Hexa-CDD/Fs, and 2,3,7,8-substituted profiles contained mostly octa- and hexachlorinated congeners. In comparison, profiles in Brooklyn and near mid-Manhattan exhibited congener and homologue patterns comprised mainly of hepta- and octa-CDDs, similar to that commonly reported in background air and soil.
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BACKGROUND: This study examines the role of occupational factors in the development of diffuse malignant mesothelioma with special emphasis on the dose-response relationship for asbestos and on the exposure to man-made vitreous fibers (MMVFs). METHODS: One hundred and twenty-five male cases, diagnosed by a panel of pathologists, were personally interviewed concerning their occupational and smoking history. The same number of population controls (matched for sex, age and region of residence) underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated for an expert-based exposure index using conditional logistic regression. RESULTS: Exposure to asbestos shows the expected sharp gradient with an OR of about 45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years). A significant OR was calculated even for the lowest exposure category "> 0 - < or = 0.15 fiber years". Although the mean cumulative exposure to MMVF is roughly 10% of the exposure to asbestos, an increased OR is observed in an ever/never evaluation. This observation is heavily hampered by methodical problems. A corresponding case-control study was performed using a lung tissue fiber analysis in addition to interviews. Both interviews and the lung tissue analysis yielded similar OR levels between the reference and the maximum exposure intervals. CONCLUSIONS: Despite a possible influence as a result of selection and information bias, our results confirm the previously reported observation of a distinct dose-response relationship even at levels of cumulative exposure below 1 fiber year. Moreover, the study confirms that asbestos is a relevant confounder for MMVF. A causal relationship between exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other studies.
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BACKGROUND: Evidence from toxicological studies indicates that the risk of respiratory diseases varies with asbestos fibre length and width. However, there is a total lack of epidemiological evidence concerning this question. METHODS: Data were obtained from a cohort mortality study of 3072 workers from an asbestos textile plant which was recently updated for vital status through 2001. A previously developed job exposure matrix based on phase contrast microscopy (PCM) was modified to provide fibre size-specific exposure estimates using data from a re-analysis of samples by transmission electron microscopy (TEM). Cox proportional hazards models were fit using alternative exposure metrics for single and multiple combinations of fibre length and diameter. RESULTS: TEM-based cumulative exposure estimates were found to provide stronger predictions of asbestosis and lung cancer mortality than PCM-based estimates. Cumulative exposures based on individual fibre size-specific categories were all found to be highly statistically significant predictors of lung cancer and asbestosis. Both lung cancer and asbestosis were most strongly associated with exposure to thin fibres (<0.25 microm). Longer (>10 microm) fibres were found to be the strongest predictors of lung cancer, but an inconsistent pattern with fibre length was observed for asbestosis. Cumulative exposures were highly correlated across all fibre size categories in this cohort (0.28-0.99, p values <0.001), which complicates the interpretation of the study findings. CONCLUSIONS: Asbestos fibre dimension appears to be an important determinant of respiratory disease risk. Current PCM-based methods may underestimate asbestos exposures to the thinnest fibres, which were the strongest predictor of lung cancer or asbestosis mortality in this study. Additional studies are needed of other asbestos cohorts to further elucidate the role of fibre dimension and type.
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This article summarizes the phenomenon of cancer overdiagnosis-the diagnosis of a "cancer" that would otherwise not go on to cause symptoms or death. We describe the two prerequisites for cancer overdiagnosis to occur: the existence of a silent disease reservoir and activities leading to its detection (particularly cancer screening). We estimated the magnitude of overdiagnosis from randomized trials: about 25% of mammographically detected breast cancers, 50% of chest x-ray and/or sputum-detected lung cancers, and 60% of prostate-specific antigen-detected prostate cancers. We also review data from observational studies and population-based cancer statistics suggesting overdiagnosis in computed tomography-detected lung cancer, neuroblastoma, thyroid cancer, melanoma, and kidney cancer. To address the problem, patients must be adequately informed of the nature and the magnitude of the trade-off involved with early cancer detection. Equally important, researchers need to work to develop better estimates of the magnitude of overdiagnosis and develop clinical strategies to help minimize it.
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BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.



Loomis D, Dement J, Richardson D, Wolf S (2010). “Asbestos fiber dimensions and lung cancer mortality among workers exposed to chrysotile”. Occup Environ Med. 67:580-584.

Objectives: To estimate exposures to asbestos fibres of specific sizes among asbestos textile manufacturing workers exposed to chrysotile using data from transmission electron microscopy (TEM) and to evaluate the extent to which the risk of lung cancer varies with fibre length and diameter.


Methods: 3803 workers employed for at least 1 day between 1 January 1950 and 31 December 1973 in any of three plants in North Carolina, USA that produced asbestos textile products and followed for vital status through 31 December 2003 were included. Historical exposures to asbestos fibres were estimated from work histories and 3578 industrial hygiene measurements taken in 1935-1986. Exposure-response relationships for lung cancer were examined within the cohort using Poisson regression.


Results: Indicators of fibre length and diameter obtained by TEM were positively and significantly associated with increasing risk of lung cancer. Exposures to longer and thinner fibres tended to be most strongly associated with lung cancer, and models for these fibres fit the data best. Simultaneously modelling indicators of cumulative mean fibre length and diameter yielded a positive coefficient for fibre length and a negative coefficient for fibre diameter.


Conclusions: The results support the hypothesis that the risk of lung cancer among workers exposed to chrysotile asbestos increases with exposure to longer fibres. More research is needed to improve the characterisation of exposures by fibre size and number and to analyse the associated risks in a variety of industries and populations.


 Iwatsubo Y,  Pairon JC. et al. (1998). “Pleural Mesothelioma: Dose-Response Relation at Low Levels of Asbestos Exposure in a French Population-based Case-Control Study”. Am J Epidemiol 148:133-42


A hospital-based case-control study of the association between past occupational exposure to asbestos and pleural mesothelioma was carried out in five regions of France. Between 1987 and 1993, 405 cases and 387 controls were interviewed. The job histories of these subjects were evaluated by a group of experts for exposure to asbestos fibers according to probability, intensity, and frequency. A cumulative exposure index was calculated as the product of these three parameters and the duration of the exposed job, summed over the entire working life. Among men, the odds ratio increased with the probability of exposure and was 1.2 (95% confidence interval (Cl) 0.8-1.9) for possible exposure and 3.6 (95% Cl 2.4-5.3) for definite exposure.  A dose-response relation was observed with the cumulative exposure index: The odds ratio increased from 1.2 (95% Cl 0.8-1.8) for the lowest exposure category to 8.7 (95% Cl 4.1-18.5) for the highest. Among women, the odds ratio for possible or definite exposure was 18.8 (95% Cl 4.1-86.2). We found a clear dose-response relation between cumulative asbestos exposure and pleural mesothelioma in a population-based case-control study with retrospective assessment of exposure. A significant excess of mesothelioma was observed for levels of cumulative exposure that were probably far below the limits adopted in most industrial countries during the 1980s.


Rodelsperger K, Jockel KH et al. (2001). “Asbestos and Man-Made Vitreous Fibers as Risk Factors for Diffuse Malignant Mesothelioma: Results From a German Hospital-Based Case-Control Study”. Am. J. Ind. Med. 39:262-275.


Background: This study examines the role of occupational factors in the development of


diffuse malignant mesothelioma with special emphasis on the dose±response relationship


for asbestos and on the exposure to man-made vitreous fibers (MMVFs).


Methods: One hundred and twenty-five male cases, diagnosed by a panel of pathologists,


were personally interviewed concerning their occupational and smoking history. The


same number of population controls (matched for sex, age and region of residence)


underwent similar interviews by trained interviewers. Odds ratios (OR) were calculated


for an expert-based exposure index using conditional logistic regression.


Results: Exposure to asbestos shows the expected sharp gradient with an OR of about


45 for a cumulative exposure > 1.5 fiber years (arithmetic mean 16 fiber years).  A


significant OR was calculated even for the lowest exposure category ``> 0 -≤_ 0:15 fiber


years''.  Although the mean cumulative exposure to MMVFis roughly 10% of the exposure


to asbestos, an increased OR is observed in an ever/never evaluation. This observation is


heavily hampered by methodical problems. A corresponding case-control study was


performed using a lung tissue fiber analysis in addition to interviews. Both interviews and


the lung tissue analysis yielded similar OR levels between the reference and the maximum


exposure intervals.


Conclusions: Despite a possible influence as a result of selection and information bias,


our results confirm the previously reported observation of a distinct dose-response


relationship even at levels of cumulative exposure below 1 fiber year.  Moreover, the study


confirms that asbestos is a relevant confounder for MMVF. A causal relationship between


exposure to MMVF and mesothelioma could neither be detected nor excluded, as in other


studies.

� As found in occupational exposure of chimney sweeps.



� NL =  not listed



� NL =  not listed







�I included data from these pubs in my presentation slides but given how controversial much of the exposure monitoring is, left it out here. 



�This sentence is true but is needlessly negative. I re-phrased it as above..



�I will provide references.



�According to whom? Source?
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TABLE 5

Summary of Likelihood of Cancer Risk and Summary Risk Estimate (95% CI) Across All Types of Studies for All Cancers

Likelihood of Cancer Summary Risk
Cancer Site Risk by Criteria Estimate (95% CI) Comments
Multiple Probable 1.53 (1.21-1.94) Consistent with mSMR and PMR (1.50, 95% Cl = 1.17-1.89)
myeloma Based on 10 analyses
Heterogeneity—not significant at the 10% level
Non-Hodgkin Probable 1.51 (1.31-1.73) Only two SMR and another PMR studies
lymphoma Slightly higher than mSMR and PMR (1.36, 95% Cl = 1.10-1.67)
Based on eight analyses
Heterogeneity—not significant at the 10% level
Prostate Probable 1.28 (1.15-1.43) Consistent with mSIR (1.29, 95% Cl = 1.09-1.51)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Testis Possible 2.02 (1.30-3.13)  Slightly higher than mSIR (1.83, 95% CI = 1.13-2.79)
Based on four analyses
Heterogeneity—not significant at the 10% level
Skin Possible 1.39 (1.10-1.73)  Slightly lower than mSMR and PMR (1.44, 95% CI = 1.10-1.87) — derived
on basis of PMR studies
Based on eight analyses
Heterogeneity—not significant at the 10% level
Malignant Possible 1.832 (1.10-1.57)  Slightly higher than mSMR and PMR (1.29, 95% CI| = 0.68-2.20)
melanoma Based on 10 analyses
Heterogeneity—not significant at the 10% level
Brain Possible 1.32 (1.12-1.54) Slightly higher than mSMR and PMR (1.27, 95% CI = 0.98-1.63)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was
heterogeneity among SMR studies
Rectum Possible 1.29 (1.10-1.51)  Slightly lower than mSMR and PMR (1.39, 95% Cl = 1.12-1.70)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Buccal cavity Possible 1.23 (0.96-1.55)  Slightly higher than mSMR (1.18, 95% Cl = 0.81-1.66)
and pharynx Based on nine analyses
Heterogeneity—not significant at the 10% level
Stomach Possible 1.22 (1.04-1.44)  Lower than mSIR (1.58, 95% CI = 1.12-2.16)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Colon Possible 1.21 (1.03-1.41) Slightly lower than mSMR and PMR (1.31, 95% Cl = 1.08-1.59)
Based on 25 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR and PMR studies
Leukemia Possible 1.14 (0.98-1.31)  Similar to mSMR and PMR (1.14, 95% CIl = 0.92-1.39)
Based on eight analyses
Heterogeneity—not significant at the 10% level
Larynx Unlikely 1.22 (0.87-1.70) Higher than mSMR (0.58, 95% Cl = 0.25-1.15)
Based on seven analyses
Heterogeneity—not significant at the 10% level
Bladder Unlikely 1.20 (0.97-1.48)  Similar to mSMR and PMR (1.24, 95% CIl = 0.83,1.49)
Based on 11 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR studies
Esophagus Unlikely 1.16 (0.86-1.57)  Higher than mSMR (0.68, 95% CI| = 0.39-1.08)
Based on eight analyses
Heterogeneity—not significant at the 10% level
Pancreas Unlikely 1.10 (0.91-1.34)  Slightly higher than mSMR (0.98, 95% CI = 0.75-1.26)
Based on 13 analyses
Heterogeneity—not significant at the 10% level
Kidney Unlikely 1.07 (0.78-1.46)  Similar to mSMR and PMR (1.23, 95% CI| = 0.94-1.59)

Based on 12 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR studies
(Continued)
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TABLE 5
Continued
Likelihood of Cancer Summary Risk
Cancer Site Risk by Criteria Estimate (95% CI) Comments
Hodgkin’s Unlikely 1.07 (0.59-1.92) Higher than mSMR (0.78, 95% CI = 0.21-2.01)
disease Based on three analyses
Heterogeneity—not significant at the 10% level
Liver Unlikely 1.04 (0.72-1.49) Similar to mSMR (1.00, 95% CI = 0.63-1.52)
Based on seven analyses
Heterogeneity—not significant at the 10% level
Lung Unlikely 1.03 (0.97-1.08) Similar to mSMR and PMR (1.05, 95% Cl = 0.96-1.14)
Based on 19 analyses
Heterogeneity—not significant at the 10% level; there was
heterogeneity among PMR studies
All cancers Unlikely 1.05 (1.00-1.09) Similar to mSMR and PMR (1.06, 95% CI = 1.02-1.10

Based on 25 analyses
Heterogeneity—significant at the 10% level; there was
heterogeneity among SMR studies

Cl indicates confidence interval; SMR, standardized mortality ratio; PMR, proportional mortality ratio; SIR, standardized incidence ratio.

SIR = 1.39, 95% CI = 0.2-5.0; 11
to 20 years: SIR = 4.03, 95% CI =
1.3-9.4. In those exposed greater
than 20 years, the risk estimate re-
mained elevated but declined (SIR =
2.65, 95% CI = 0.3-9.6), possibly
because testicular cancer generally
occurs at a younger age. Bates et al*®
argued that, although the reason for
the excess risk of testicular cancer
remained obscure, the possibility that
this is a chance finding was low
because incident studies are likely
the most appropriate methodology
for a cancer that can be successfully
treated.

The 1990 findings of Howe and
Burch* showing a positive associa-
tion with brain cancer and malignant
melanoma are compatible with our
results because both had significant
summary risk estimates. Brain can-
cers were initially scored as probable
but then downgraded to possible (Ta-
ble 5). There was inconsistency
among the SMR studies, which re-
sulted in the use of the random-
effects model, yielding confidence
limits that were not significant
(SMR = 1.39,95% CI = 0.94-2.06)
(Table 2). This inconsistency primar-
ily resulted from the Baris et al
study,'’ a 61-year follow up of 7789
firefighters demonstrating a marked
reduction in brain cancer (SMR =
0.61, 95% CI = 0.31-1.22). As

noted in Table 4, however, there
were elevated, but not significant,
risk estimates across all studies, ie,
mSMR, mPMR, mRR, and mSIR.
This consistency is all the more re-
markable given the diversity of rare
cancers included in the category
“brain and nervous system.” Further-
more, there was a 2003 study by
Krishnan et al®® published after our
search that examined adult gliomas
in the San Francisco Bay area of men
in 35 occupational groups. This
study showed that male firefighters
(six cases and one control) had the
highest risk with an odds ratio of
5.93, although the confidence inter-
vals were wide and not significant. In
addition, malignant melanoma was
also initially scored as probable but
was downgraded to “possible” due to
study type. This study downgrade
was related to the negative SMR (—)
and reliance primarily on a PMR
study. Thus, in conclusion, our study
supports a probable risk for multiple
myeloma, similar to Howe and
Burch’s* findings, and a possible
association with malignant mela-
noma and brain cancer.

Summary

We implemented a qualitative
three-criteria assessment in addition
to the quantitative meta-analyses.
Based on the more traditional quan-

titative summary risk estimates
shown in Table 5, 10 cancers, or half,
were significantly associated with
firefighting. Three cancers were des-
ignated as a probable risk based on
the quantitative meta-risk estimates
and our three criteria assessment.
These cancers included multiple my-
eloma, non-Hodgkin’s lymphoma,
and prostate. A recommendation is
also made, however, for upgrading
testicular cancer to “probable” based
on the twofold excess summary risk
estimate and the consistency among
the studies. Thus, firefighter risk for
these four cancers may be related to
the direct effect associated with ex-
posures to complex mixtures, the
routes of delivery to target organs,
and the indirect effects associated
with modulation of biochemical or
physiologic pathways. In anecdotal
conversations with firefighters, they
report that their skin, including the
groin area, is frequently covered with
“black soot.” It is noteworthy that
testicular cancer had the highest
summary risk estimate (2.02) and
skin cancer had a summary risk esti-
mate (1.39) higher than prostate
(1.28). Certainly, Edelman et al’ at
the World Trade Center, although
under extreme conditions, revealed
the hazards that firefighters may en-
counter only because air monitoring
was performed.
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John Howard, M.D.

Administrator, World Trade Center Health Program

Centers for Disease Control and Prevention (CDC)

National Institute for Occupational Safety and Health (NIOSH)

395 E. St, S.W.

Suite 9200, Patriots Plaza

Washington, D.C. 20201



Dear Dr. Howard:

We are writing in response to your letter of October 5, 2011 requesting advice from the World Trade Center (WTC) Health Program Scientific/Technical Advisory Committee (STAC) on whether to add cancer, or a certain type of cancer, to the List of World Trade Center (WTC)-Related Health Conditions in the James Zadroga Act (“List”).

The STAC Committee has reviewed available information on cancer outcomes that may be associated with the exposures resulting from the September 11, 2001 terrorist attacks, and believes that it can be reasonably anticipated that exposures resulting from the collapse of the buildings and high-temperature fires will increase the probability of developing some cancers. This conclusion is based on the presence of known and potential carcinogens in the smoke, dust, and volatile and semi-volatile contaminants emitted from fires at the site. In addition, while exposure data are extremely limited, the committee considers that the high prevalence of acute symptoms and chronic conditions observed in WTC responders and survivors is evidence that significant toxic exposures occurred.  Many WTC-related conditions are associated with inflammation, which can lead to cancer by generating DNA-reactive substances, increasing cell turnover, and releasing biologically active substances that promote tumor growth, invasion and metastasis. 

The committee deliberated at length on whether to designate specific cancers to be included in the List, with some members proposing to include all cancers and others in favor of listing specific cancers based on several lines of evidence. The committee reached consensus that the list of cancers potentially related to the WTC be generated from several sources:

(1) cancer sites with limited or sufficient evidence in humans based on the International Agency for Research (IARC) Monographs for known and probable carcinogens present at the WTC site (Table 1); 

(2) cancers arising in regions of the respiratory and digestive tracts where WTC-related inflammatory conditions have been documented (Table 2); and 

(3) cancer sites for which epidemiologic studies have found some evidence of increased risk in WTC responder and survivor populations (Table 3).



In addition, the Committee recommends the inclusion of rare cancers (to be further defined), including cancers arising among children and young adults.



The committee notes that the body of evidence regarding the potential carcinogenicity of exposure to substances present in WTC dusts and smoke is not limited to substances considered by IARC to have sufficient or limited evidence of carcinogenicity in humans. Many substances present in WTC dusts and smoke have been classified by IARC as known, probable or possible carcinogens based on animal and mechanistic data, and the committee believes that such evidence is highly predictive for human carcinogenicity. However, because there is limited concordance between specific cancer sites affected in humans and in animals, only those substances classified based on human data are informative regarding sites of carcinogenicity in humans. 

Based on the lines of evidence outlined above, and the supporting documentation that follows, the committee recommends that cancers listed below be added to the list of WTC-related conditions.  Table 3 provides a summary of data regarding each cancer site from IARC, WTC related conditions and the FDNY Firefighter study. By convention, these sites are listed in the order of numerical codes assigned by the International Classification of Diseases.

· Pharynx and nasopharynx

· Esophagus

· Stomach

· Colon and rectum

· Liver and bile duct

· Nasal cavity and paranasal sinus

· Larynx

· Lung and bronchus

· Mesothelioma of the pleura and peritoneum

· Soft tissue

· Skin

· Ovary

· Prostate

· Kidney

· Renal pelvis and ureter

· Urinary bladder

· Eye

· Thyroid

· Non-Hodgkin Lymphoma

· Multiple myeloma

· Leukemia

In addition to the cancer sites listed, the committee recommends inclusion of the following as WTC related conditions:

1) pre-malignant conditions of the lymphatic and hematopoietic systems, including but not limited to myelodysplastic syndromes and monoclonal gammopathy of undetermined significance (MGUS);

2) rare cancers (to be defined); and

3) cancers in children (and young adults?).  

The Committee also recommends that as the results of additional epidemiologic studies become available, their findings be reviewed and modifications made to the list as appropriate.  

The Committee also recommends that in addition to treatment for the listed cancer sites, the WTC Health Program provides funding and guidelines for medical screening and early detection based on a review of evidence regarding the risks and benefits of the relevant screening and early detection modalities and appropriate counseling for individuals offered such screening.  

We appreciate the opportunity to consider this important issue and would be happy to provide clarification or respond to any questions you may have.

   


Supporting documentation for the Committee’s Recommendation

for Including Certain Cancers as WTC-related conditions



1.  Evidence regarding carcinogenic exposures:

The collapse of the World Trade Center produced a dense dust and smoke cloud containing gypsum from wallboard, plastics, cement, fibrous glass, asbestos insulation, metals, and volatile and semi-volatile organic compounds and other products of high-temperature combustion form burning jet fuel (Lioy and Georgopoulos 2006). Individuals caught in the dust cloud on 9/11 and working on or near the site in the days immediately following the attack experienced intense acute exposures to a mixture of substances whose concentration and composition was not measured and will never be fully known. However, it is known that the dust was highly alkaline, due to pulverized cement, and contained numerous particles, fibers and glass shards, soon resulting in eye, nose and throat irritation and what came to be known as WTC cough. Smoke from persistent fires contained polycyclic aromatic hydrocarbons, metals, and many other chemicals. Although levels of airborne contaminants were not measured in the first four days, the high prevalence of acute and chronic respiratory conditions in firefighters, rescue and clean-up workers amply documents significant exposure levels and toxicity (Aldrich, Gustave et al. 2010). Although some of the dust and smoke was carried away into higher levels of the atmosphere, significant amounts of dusts and smoke settled in surrounding streets, residences and office buildings. Dusts entered buildings through broken windows, open windows, and air intakes, and many residents returned to residences that were highly contaminated and/or not adequately remediated. Area residents and workers exposed to WTC dust have also been aﬀected by chronic respiratory diseases, including newly diagnosed asthma and asthma exacerbation (Brackbill, Hadler et al. 2009).

Members of the STAC Committee and individuals providing public comments have noted that exposures resulting from collapse of the World Trade Center were unlike any other exposures in history. We believe that to be the case, both because of the enormous forces that pulverized the buildings and their contents and the combustion products generated by the high-temperature fires. Compounding the uniqueness of the exposures is the absence of any data on air contaminant levels or the composition of the dust and fumes in the first four days after the attack. However, while acknowledging these unknown and unknowable factors, we believe that it is possible to make some judgments about potential carcinogenicity based on the substances known to have been present. This information can be gleaned from a variety of sources, including peer reviewed literature, government reports and unpublished reports from private laboratories and contractors.  We believe that some of the most informative data on environmental exposures came from analyses of dust samples collected by Dr. Lioy and the USGS, materials deposited on surfaces including analyses of window films conducted by , soil and dust deposited on firefighters personal protective equipment reported by , ……I will incorporate these references next week and will add any additional ones suggested by committee members.

The committee believes that both responder populations and area residents and workers had potential for significant exposures to toxic and carcinogenic components of WTC dust and smoke. Factors that influence the intensity of exposures among individuals engaged in rescue, recovery, demolition, debris cleanup and/or other related services in the New York City Disaster area include the time and date of arrival on the site, total days worked, jobs performed, work locations and use of personal protective equipment. Especially in the early period of rescue and recovery, many individuals worked long shifts without respiratory protection and in clothing saturated with dust from the debris, likely experiencing significant exposures through inhalation, ingestion, and skin absorption. Although these exposures may be considered relatively brief compared to the decades of exposure typically associated with occupational cancer, it is important to recognize that many individuals had high-intensity exposures, especially in the early weeks, and many continued to work in the area for weeks and months. In addition, some of the chemicals, dusts, fibers, metals and other materials with long half-lives may be retained in the lung and other body compartments for long periods after exposure.

Exposures among community residents and those working and attending school in the area also have the potential to be significant, although in many ways they may be even more difficult to categorize than those of responders. Some individuals returned within days of the disaster to grossly dust-contaminated homes that they cleaned themselves; others returned to homes with less visible contamination that were later found to contain high levels of asbestos and other toxic substances. Others worked, attended school or lived near sites where debris was transported or transferred in processes that continued to generate dusts. Still others volunteered in support activities near the site as well as residing in the community. Residential and office building exposures have the potential to be of longer duration than those among workers at the site if the buildings and occupied spaces were not properly remediated. Longer, lower-level exposures may be a particular issue for individuals with asthma and allergies and those who are already sensitized to dust contaminants such as nickel and hexavalent chromium. Children residing in contaminated homes have greater exposure potential than adults due to crawling on floors, hand-to-mouth activities and higher respiratory rates, and may also be more susceptible to mutagens and carcinogens due to growth and rapid cell turnover.  For some cancers, critical periods of susceptibility to carcinogens have been defined; for example, children who were under the age of 5 at the time of the Chernobyl nuclear reactor accident had the highest probability of developing thyroid cancer related to I-131 exposure. 

In discussing the potential that exposures to WTC dust and smoke may cause cancer, the committee focused on classes of exposure known to be present in substantial quantities in WTC dust and smoke which also have substantial evidence regarding cancer in animals and humans. These include asbestos, polycyclic aromatic hydrocarbons (PAH’s), polychlorinated biphenyls, dioxins and furans, metals and volatile and semi volatile organic compounds (VOC’s). 

a. Asbestos

(John - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. John Dement, asbestos is designated as a known human carcinogen by IARC, with sufficient evidence for cancer of the larynx, lung, mesothelioma and ovary and limited evidence for cancer of the colorectum, pharynx and stomach. Bulk samples of outdoor dusts collected on September 16, 2001 on Cortland Street, Cherry Avenue, and Market Street, outside the perimeter of the WTC site, had 0.8 to 3% asbestos by weight. Air concentrations of dust were estimated to be in excess of 100,000 ug/m3, and persons exposed to the dust cloud may have experienced the equivalent of a lifetime of urban air particulate exposures. The main source of asbestos was the chrysotile used to insulate the lower half of the first tower. Chrysotile fibers in the WTC dust were predominantly shorter than 5 um, and therefore not measured in the Phase Contrast Microscopy (PCM) method used by NIOSH and OSHA. Dr. Dement noted that shorter fibers also predominate in occupational settings, such as the North Carolina textile plants where excess risks of lung cancer and mesothelioma have been well-documented. The selection of a sampling method that did not count fibers < 5  um was made historically based on sampling reproducibility and feasibility, not any presumed relative toxicity of longer fibers. Animal studies have suggested that longer fibers are more effective in producing mesothelioma than shorter ones, but this has not been observed in human studies which always involve mixed length fibers. All forms of asbestos are carcinogenic, although it appears that amphibole asbestos has the highest potency for inducing mesothelioma. .Amphibole asbestos does not appear to have been present in significant quantities at the WTC site.  Numerous risk assessments have been done for asbestos, and there has been no documented threshold below which cancer does not occur. Short-term exposure to high airborne concentrations has also been associated with increased cancer.  Inhaled asbestos fibers are retained in the lung for periods of months to years and are able to migrate into the pleural and peritoneal cavity where they induce pleural plaques and mesothelioma.  The relative risk of lung cancer from exposure to asbestos and other lung carcinogens, such as tobacco smoke, is between additive and multiplicative.  Case-control studies of mesothelioma have documented odds ratios in the range of 4-8 for asbestos exposures below 1 fiber years. The risk assessment that OSHA used to set the PEL of 0.1 fibers > 5 um in length per cm3 as an 8-hour time-weighted average exposure found that exposures to 0.1 f/cc over a working lifetime is associated with an excess risk of 3.4 cancers per 1,000 workers. 	Comment by ACS User: REF?	Comment by ACS User: Be clear—not studied, or not shown in studies looking at this?

b. Polycyclic Aromatic Hydrocarbons

(Glenn - please review and revise as necessary and let me me know the most appropriate references to cite).  As presented by committee member Dr. Glenn Talaska, carcinogenic polycyclic aromatic hydrocarbons (PAHs) are among the earliest recognized human and animal carcinogens. Carcinogenic PAHs were largely responsible for the excess of scrotal cancer observed by Dr. Percival Pott among chimney sweeps, and were subsequently documented to cause cancer when painted on the skin of experimental animals. PAHs are produced by combustion of wood, coal and other materials, and are important causes of occupational lung cancer among coke oven workers, aluminum workers and other occupational groups. Because PAHs are formed from combustion, they always occur in combination and it is therefore not possible to isolate the effect of a single compound. The carcinogenicity of specific PAHs has been evaluated by IARC based on evidence in animals and mechanistic considerations. Benzo(a)pyrene is listed by IARC in Group 1 (carcinogenic), Dibenz[a,h]anthracene in Group 2A (probably carcinogenic) and Benz[a]anthracene, Benzo[b]fluoranthene and Benzo[k]fluorenthene are listed in 2B (possibly carcinogenic). PAHs are absorbed by the body and metabolized to compounds that can bind to DNA. The major metabolites of PAHs in urine are the monohydroxy PAHs, which typically have relative short biological half-lives (4.4 to 35 hours)(Li, Romanoff et al. 2010). Sources of PAH’s at the WTC included about 90,000 liters of jet fuel, 500,000 liters of transformer oil, 380,000 liters and approximately the same amount of gasoline plus any and all burning items. Sampling data regarding PAH’s are extremely limited; area samples were collected at the fence line beginning 9/16 2001, [to be continued by Glenn]	Comment by ACS User: Something missing here?

Sections to be included here to be drafted by committee members if they are willing:

c. Polychlorinated biphenyls, dioxins, furans [Glenn?]

d. Particulate exposures, including bronchiolar lavage studies [Bill?]

e. Carcinogenic metals [Virginia?]

f. Volatile organic compounds [Virginia?]



II. Mechanisms of carcinogenesis and role of inflammation

As presented by Committee member Dr. Elizabeth Ward, carcinogenesis is characterized by four stages: initiation, promotion, malignant transformation, and tumor progression. Initiation occurs when a carcinogen interacts with DNA, most often by forming a DNA adduct (a specific type of chemical bond) between the chemical carcinogen or one of its functional groups and a nucleotide in DNA, or by producing a strand break. If the cell divides before the damage is repaired, an alteration can become permanently fixed as a heritable error that will be passed on to daughter cells. Such heritable changes in DNA structure are called mutations. Many mutations have no apparent effect on gene function. However, when mutations occur in critical areas of genes that regulate cell growth, cell death, or DNA repair, they may predispose clonal expansion and accumulation of further genetic damage. Promoters are substances or processes that contribute to clonal expansion by stimulating initiated cells to replicate, forming benign tumors or hyperplastic lesions. Promotion is thought to be completely reversible. The process of promotion does not cause heritable alterations or mutations. It stimulates cell turn over, so that mutated cells can exploit their selective growth advantage and proliferate, increasing the probability that a cell will acquire additional mutations and become malignant. Unlike promotion, the end result of malignant transformation is irreversible. Tumor progression involves the further steps of local invasion and/or metastasis. 



Many carcinogens are able to form DNA adducts, either because they are intrinsically reactive or are activated, through metabolism, to a DNA-reactive form. Metabolic activation is necessary to convert some chemicals to forms that can bond with DNA. For some well-studied chemical carcinogens, the metabolic pathways leading to activation or de-activation influence both target organ specificity and individual susceptibility. 



Certain inorganic metals and minerals which show carcinogenic activity in people and/or animals, including arsenic, nickel, (hexavalent) chromium, and asbestos, can cause mutations without binding directly to DNA. The mechanisms for carcinogenicity of such metals, particles and fibers include both primary genotoxicity through generation of reactive oxygen species and secondary genotoxicity through particle-induced inflammation. Particles may also carry mutagens to the surface and/or inside of cells. 



Although many mutations probably have no effect on cells, mutations occurring in genes that regulate cell growth are the first step in the evolution of a cancer cell. These dominant transforming genes, called oncogenes, encode proteins involved in signal transduction or cell-cycle regulation. Mutations in these genes may trigger production of oncogenic proteins that increase the proliferation of cells that express them. A set of recessive tumor suppressor genes has been identified. Deletion, point mutation, or inactivation of both gene copies allows cells to proliferate unregulated or with reduced restraints. 

Epigenetic mechanisms for deactivation of tumor suppressor genes include methylation of DNA in the gene promoter region, a characteristic that has been observed in many cancers. Abnormal promoter hypermethylation can have the same effect as a coding region mutation in inactivating a tumor suppressor gene. Mutations in another category of genes, called DNA-repair genes, may also cause cancer because they reduce the cell’s capacity to repair DNA damage before the cell replicates.  

Once a cell is initiated, clonal expansion may occur through a variety of mechanisms. Initiated cells may be more responsive to growth stimulation, may be unable to terminally differentiate, or may become resistant to apoptosis. Clonal expansion increases the probability that cells with critical mutations will acquire additional genetic damage needed for malignant transformation. 



The events involved in progression are less well understood than those involved in initiation or promotion. During progression, populations of tumor cells undergo further selection, and the genome becomes unstable, causing chromosomal alterations with increasing frequency. As the progression phase ends, tumor cells have converted to the neoplastic phenotype, characterized by autonomous growth and ability to erode normal tissue barriers. Eventually, cancers may spread locally through invasion into adjacent tissues and organs and or regional lymph nodes and spread through the blood and begin to grow in other parts of the body (metastasis).  



Inflammation is thought to be an important factor in the development of cancer that can accelerate multiple stages of carcinogenesis.  Inflammation is a normal physiologic process in response to tissue damage resulting from microbial pathogen infection, chemical irritation and/or wounding.  Inflammation is ordinarily a self- limited process that results in recovery from an infectious disease or repair of the damaged tissue.  However, when inflammatory processes become chronic they may lead to persistent tissue damage that can predispose to cancer development.   Much of the evidence for the role of inflammation in carcinogenesis comes from clinical conditions that involve both inflammation and increased cancer risk. For example, the inflammatory bowel diseases, ulcerative colitis and Crohn’s disease, predispose to cancer of the large bowel and chronic infection with the bacterium Helicobacter pylori causes atrophic gastritis, dysplasia, adenocarcinoma and an unusual form of gastric lymphoma (Malt lymphoma).  Chronic reflux of gastric acid and bile into the distal esophagus causes chemical injury, Barrett’s esophagus and esophageal adenocarcinoma.  Inflammation involves a complex of host responses that, in the context of acute injury, promote wound healing and tissue regeneration.  These responses include recruitment of specific types of cells, release of inflammatory mediators and interactions among chemokine/ligand receptor mediators.  Leukocytes (neutrophils, monocytes, macrophages , and eosinophils) generate reactive oxygen and nitrogen species that can directly damage the genes that control cell growth.  Cells that mediate the inflammatory response release chemical factors that stimulate cell proliferation, inhibit apoptosis (self-regulated cell death), induce angiogenesis (growth of blood vessels) and impair certain immune responses.  Collectively, these factors can accelerate mutagenesis, promote the survival and clonal expansion of mutated cells, and increase the probability that a particular clone of cells will acquire the requisite genetic mutations to become an invasive and metastatic cancer. (Thun et al., 2004)

Liz to add references – committee members please suggest any others and expand/correct if necessary: A number of studies have documented the role of inflammatory processes in WTC-related respiratory conditions.  A bronchoalveolar lavage (BAL) study recovered significant quantities of fly ash, degraded fibrous glass, and asbestos fibers along with evidence for a significant inflammatory response (70% eosinophils and increased levels of interleukin-5) in one FDNY-Firefighter hospitalized with acute eosinophilic pneumonitis several weeks after WTC-exposure [Rom et al., 2002].  Fireman et al., studied induced sputum samples obtained 10 months after the attack from 39 highly exposed firefighters and found evidence for higher percentages of eosinophils and neutrophils (compared to controls) that increased with exposure intensity.   A study conducted in a a cohort of 801 never smokers with normal pre-9/11 FEV(1) found that elevated serum granulocyte macrophage stimulating factor( GM-CSF) and macrophage-derived chemokine (MDC) factor  soon after WTC exposure were associated with increased risk of airflow obstruction in subsequent years. Surgical lung biopsies of twelve symptomatic World Trade Center-exposed local workers, residents, and cleanup workers enrolled in a treatment program found interstitial fibrosis, emphysematous change, and small airway abnormalities were seen. All cases had opaque and birefringent particles within macrophages, and examined particles contained silica, aluminum silicates, titanium dioxide, talc, and metals Caplan et al., .Elevated prevalence of sarcoid-like granulomatous disease has also been observed among firefighters and other first responders [Crowley et al., ].  Granulomatous diseases arise from inflammatory processes including infection (tuberculosis) and beryllium exposure (chronic beryllium disease) [Crowley et al., ].

Many exposures that cause cancer in the upper and lower respiratory tracts also cause non-malignant respiratory diseases. Examples include tobacco smoking, silica, asbestos, beryllium, particulate air pollution, indoor exposures to the burning of biomass fuels 

I. Evidence regarding cancer from completed incidence studies

[bookmark: _GoBack](Tom – if you had time to draft the results and check the table that would be great) One study has been published regarding cancer outcomes among WTC responders.  This study included 9,853 men who were employed as firefighters as of January 1, 1996, 8927 of whom were WTC-exposed.  Risks of cancer were compared by calculating expected numbers of cancers during non- exposed person years (never-exposed firefighters and period before 9/11 for exposed firefighters) and post-exposure person years) based on sex, age race and ethnicity-specific cancer rates in the SEER-13 registries.  WTC-exposed and non-exposed SIR’s were SIR’s were calculated for the Exposed and non-exposed groups based on the ratios of observed and expected cancers in the general population each group.  In addition, an SIR Ratio was calculated to assess differences in cancer rates between the two groups.  Among a number of secondary analyses reported, the one considered the most relevant was an adjustment for early or diagnosis through lagging the diagnosis dates for two years for all cancers potentially to the FDNY medical surveillance program.  Data from this study for cancer sites with some evidence of increased risk are shown in Table 3. 

Liz would like to add some material regarding whether a 2-year lag is sufficient to correct for early detection of prostate and thyroid cancer given high prevalence of occult and slow growing tumors – will circulate this section for review when it’s complete next week. 

Rationale for inclusion of rare cancers [Steve?]

Rationale for including childhood cancers and discussion of age groups/cancers to be included [Leo?]

Committee members to comment on any other topics that should be covered in the supporting documentation.








 

Table 1. Selected agents that IARC has classified as carcinogenic to humans and related cancer sites with sufficient or limited evidence in humans (adapted from Cogliano, Baan et al. 2011).

   

		Carcinogenic agent

		Cancer sites with sufficient evidence in humans

		Cancer sites with limited evidence in humans



		Acid mists, strong inorganic

   (Sulfuric acid)

		Larynx

		Lung



		Arsenic and inorganic arsenic compounds

		Lung

Skin

Urinary bladder

		Kidney

Liver

Prostate



		Asbestos (all forms)

		Larynx

Lung

Mesothelioma

Ovary

		Colorectum

Pharynx

Stomach



		 Benzene

		Leukemia (acute nonlymphocytic)

		Leukemia (acute lymphocytic, chronic lymphocytic, multiple myeloma, non-Hodgkin lymphoma)



		Beryllium and beryllium compounds

		Lung

		



		1,3-Butadiene

		Hematolymphatic organs

		



		Cadmium and cadmium compounds

		Lung

		Kidney

Prostate



		 Chromium(VI) compounds  

		Lung

		Nasal cavity and paranasal sinus



		Formaldehyde

		Leukemia

Nasopharynx

		Nasal cavity and paranasal sinus



		Nickel compounds 

		Lung

Nasal cavity and paranasal sinus

		



		Silica dust, crystalline (in the form of   quartz or crystobalite)

		Lung

		



		Soot

		Lung

Skin

		Urinary bladder



		2,3,7,8-Tetrachlorodibenzo-para-dioxin

		All cancers combined

		Lung

Non-Hodgkin lymphoma

Soft-tissue sarcoma



		Vinyl Chloride

		Liver (angiosarcoma, hepatocellular carcinoma)

		






Table 2. Agents that IARC has classified as probably carcinogenic or possibly carcinogenic to humans and cancer sites with limited evidence (Cogliano, Baan et al. 2011)

  

		Suspected carcinogenic agent

		Cancer sites with limited evidence in humans



		Engine exhaust, diesel

		Lung

Urinary bladder



		Lead compounds, inorganic

		Stomach



		Polychlorinated biphenyls

		Hepatobiliary tract



		Polychlorophenols or their sodium salts (combined exposures)

		Non-Hodgkin lymphoma

Soft-tissue sarcoma



















Table 3. WTC-related health conditions specified in the Zadroga Act that may be associated with cancer through chronic inflammation or irritation	Comment by ACS User: According to whom? Source?



		Upper airway



		· Chronic rhinosinusitis



		· Chronic nasopharyngitis



		· Chronic laryngitis



		· Chronic airway hyperreactivity



		· Cough



		· Sleep apnea



		Lower airway



		· Asthma



		· Chronic reactive airway dysfunction syndrome



		· Chronic obstructive pulmonary disease



		· Other chronic respiratory disorder due to fumes and vapors



		· Interstitial lung disease



		Gastrointestinal



		· Gastroesophageal reflux
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Table 4. Summary of evidence regarding potential carcinogenicity of WTC exposures by cancer site 	



		Cancer site

		Carcinogenic agents at WTC with sufficient or limited evidence in humans (Cogliano, Baan et al. 2011)

		WTC-related Conditions

		FDNY Study

Cancers with Elevated Standardized

Incidence Ratios (SIR’s)(Zeig-Owens, Webber et al. 2011)



		Lip, Oral Cavity, and Pharynx



		      Lip

		

		

		



		      Oral cavity

		

		

		



		      Salivary gland

		

		

		



		      Tonsil

		

		

		



		      Pharynx

		Limited:  Asbestos (all forms)



		Chronic nasopharyngitis

		



		      Nasopharynx

		Sufficient: Formaldehyde



		Chronic nasopharyngitis

		



		Digestive Organs



		      Esophagus

		Limited: Tetrachloroethylene

		

		



		      Stomach

		Limited: Asbestos (all forms)

Limited: Lead compounds, inorganic



		

		Stomach (including gastro-esophageal junction)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		8

		4

		2.24 (0.98–5.25)



		

		

		

		Non-exposed

		<5

		2

		1.23 (0.40–3.83)



		

		

		

		SIR ratio*

		1.50 (0.44–7.49



		      Colon and rectum

		Limited: Asbestos (all forms)

		

		Colon (excluding rectum)



		

		

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Exposed

		21

		14

		1.52 (0.99–2.33



		

		

		

		Non-exposed

		9

		9

		1.01 (0.53–1.94)



		

		

		

		SIR ratio*

		1.50 (0.69–3.27)



		      Anus

		

		

		



		      Liver and bile duct

		Sufficient:  Vinyl chloride

Limited: Arsenic and inorganic arsenic compounds

Limited: Polychlorinated biphenyls





		

		



		      Gall bladder

		

		

		



		      Pancreas

		

		

		



		      Digestive tract, unspecified

		

		

		



		Respiratory Organs



		      Nasal cavity and paranasal

       sinus

		Sufficient: Nickel compounds

Limited: Chromium(VI) compounds

Limited: Formaldehyde

		Chronic nasopharyngitis

Upper airway hyperreactivity

		



		      Larynx

		Sufficient: Acid mists, strong inorganic

Sufficient: Asbestos (all forms)



		Chronic laryngitis

		



		      Lung

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Asbestos (all forms)

Sufficient:  Beryllium and beryllium compounds

Sufficient:  Cadmium and cadmium compounds

Sufficient:  Chromium(VI) compounds

Sufficient:  Nickel compounds

Sufficient:  Silica dust, crystalline

Sufficient:  Soot

Limited:  Acid mists, strong inorganic

Limited:  Engine exhaust, diesel

Limited:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

Limited:  Welding fumes

		Interstitial lung disease

Chronic respiratory disorder – fumes/vapors

Reactive airways disease syndrome (RADS)

Chronic cough syndrome

		



		Bone, skin, and mesothelial and soft tissue



		      Bone

		

		

		



		      Skin (melanoma)

		

		

		Liz to add rmelanoma results from FDNY Firefignters study



		      Skin (other malignant neoplasms)

		Sufficient:  Arsenic and inorganic arsenic compounds

Sufficient:  Soot



		

		



		      Mesothelioma (pleura and peritoneum)

		Sufficient:  Asbestos (all forms)



		

		



		      Kaposi sarcoma

		

		

		



		     Soft tissue

		Limited:  Polychlorophenols or their sodium salts (combined exposures)

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		



		Breast and Female Genital Organs



		      Breast

		

		

		



		      Vulva

		

		

		



		      Vagina

		

		

		



		      Uterine cervix

		

		

		



		      Endometrium

		

		

		



		      Ovary

		Sufficient:  Asbestos (all forms)



		

		



		Male Genital Organs



		Penis

		

		

		



		Prostate

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

 

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Prostate



		

		

		

		Exposed

		90

		60

		1.49 (1.20–1.85)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		1.11 (0.77–1.59)



		

		

		

		Prostate, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		73

		60

		1.21 (0.96–1.52)



		

		

		

		Non-exposed

		45

		33

		1.35 (1.01–1.81)



		

		

		

		SIR ratio*

		0.90 (0.62–1.30)



		Testis

		

		

		



		Urinary Tract



		Kidney

		Limited:  Arsenic and inorganic arsenic compounds

Limited: Cadmium and cadmium compounds

		

		



		Renal pelvis and ureter

		

		

		



		Urinary bladder

		Sufficient:  Arsenic and inorganic arsenic compounds

Limited: Engine exhaust, diesel

Limited: Soot



		

		



		Eye, Brain, and Central Nervous System



		Eye

		Sufficient:  Welding

		

		



		Brain and central nervous system

		

		

		



		Endocrine Glands



		Thyroid



		

		

		

		Observed

		Expected

		SIR (95%CI)



		

		

		

		Thyroid



		

		

		

		Exposed

		17

		6

		3.07 (1.86-5.08)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		5.21 (1.19–22.74)



		

		

		

		Thyroid, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		12

		6

		2.17 (1.23–3.82)



		

		

		

		Unexposed

		≤5

		3

		0.59 (0.15–2.36)



		

		

		

		SIR ratio*

		3.67 (0.82–16.42)



		Lymphoid, Hematopoietic, and Related Tissue



		Leukemia and/or lymphoma and multiple myeloma*

		Sufficient:  Benzene

Sufficient:  1,3-Butadiene

Sufficient:  Formaldehyde

Limited: Polychlorophenols or their sodium salts (combined exposures)

Limited: Styrene

Limited: 2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		

		Observed

		Expected

		SIR (95% CI)



		

		

		

		Non-Hodgkin lymphoma



		

		

		

		Exposed

		21

		13

		1.58 (1.03–2.42)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.90 (0.87–4.15)



		

		

		

		NHL, corrected (diagnosis date lagged 2 years)



		

		

		

		Exposed

		20

		13

		1.50 (0.97–2.33)



		

		

		

		Non-exposed

		9

		11

		0.83 (0.43–1.60)



		

		

		

		SIR ratio*

		1.81 (0.82–3.97)



		Multiple sites (unspecified)

		

		

		



		All cancers combined

		Sufficient:  2,3,7,8-Tetrachlorodibenzo-para-dioxin

		

		







*Studies of associations between occupational and environmental carcinogens have been complicated by inaccuracies of death certificate diagnosis and changes in classification of cancers of the lymphatic and hematopoietic system (LHC’s) over time.  Epidemiologic and animal studies may report morphologically distinct hematological cancers as separate endpoints even though they may share common cellular origins.  Over time, there has been growing recognition of close relationships and overlap of such morphologically diverse disorders as chronic lymphocytic leukemia and multiple myeloma, now considered sub classifications of mature B-cell neoplasms (Swerdlow et al. 2008).  For this reason, LHC’s are considered as a combined category in this table.

.
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[bookmark: _ENREF_1]Aldrich, T. K., J. Gustave, et al. (2010). "Lung function in rescue workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272.

	BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed thousands of Fire Department of New York City (FDNY) rescue workers to dust, leading to substantial declines in lung function in the first year. We sought to determine the longer-term effects of exposure. METHODS: Using linear mixed models, we analyzed the forced expiratory volume in 1 second (FEV(1)) of both active and retired FDNY rescue workers on the basis of spirometry routinely performed at intervals of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY workers who were present at the World Trade Center between September 11, 2001, and September 24, 2001, a total of 12,781 (91.6%) participated in this study, contributing 61,746 quality-screened spirometric measurements. The median follow-up was 6.1 years for firefighters and 6.4 years for emergency-medical-services (EMS) workers. In the first year, the mean FEV(1) decreased significantly for all workers, more for firefighters who had never smoked (a reduction of 439 ml; 95% confidence interval [CI], 408 to 471) than for EMS workers who had never smoked (a reduction of 267 ml; 95% CI, 263 to 271) (P<0.001 for both comparisons). There was little or no recovery in FEV(1) during the subsequent 6 years, with a mean annualized reduction in FEV(1) of 25 ml per year for firefighters and 40 ml per year for EMS workers. The proportion of workers who had never smoked and who had an FEV(1) below the lower limit of the normal range increased during the first year, from 3% to 18% for firefighters and from 12% to 22% for EMS workers, stabilizing at about 13% for firefighters and 22% for EMS workers during the subsequent 6 years. CONCLUSIONS: Exposure to World Trade Center dust led to large declines in FEV(1) for FDNY rescue workers during the first year. Overall, these declines were persistent, without recovery over the next 6 years, leaving a substantial proportion of workers with abnormal lung function.



[bookmark: _ENREF_2]Brackbill, R. M., J. L. Hadler, et al. (2009). "Asthma and posttraumatic stress symptoms 5 to 6 years following exposure to the World Trade Center terrorist attack." JAMA 302(5): 502-516.

	CONTEXT: The World Trade Center Health Registry provides a unique opportunity to examine long-term health effects of a large-scale disaster. OBJECTIVE: To examine risk factors for new asthma diagnoses and event-related posttraumatic stress (PTS) symptoms among exposed adults 5 to 6 years following exposure to the September 11, 2001, World Trade Center (WTC) terrorist attack. DESIGN, SETTING, AND PARTICIPANTS: Longitudinal cohort study with wave 1 (W1) enrollment of 71,437 adults in 2003-2004, including rescue/recovery worker, lower Manhattan resident, lower Manhattan office worker, and passersby eligibility groups; 46,322 adults (68%) completed the wave 2 (W2) survey in 2006-2007. MAIN OUTCOME MEASURES: Self-reported diagnosed asthma following September 11; event-related current PTS symptoms indicative of probable posttraumatic stress disorder (PTSD), assessed using the PTSD Checklist (cutoff score > or = 44). RESULTS: Of W2 participants with no stated asthma history, 10.2% (95% confidence interval [CI], 9.9%-10.5%) reported new asthma diagnoses postevent. Intense dust cloud exposure on September 11 was a major contributor to new asthma diagnoses for all eligibility groups: for example, 19.1% vs 9.6% in those without exposure among rescue/recovery workers (adjusted odds ratio, 1.5 [95% CI, 1.4-1.7]). Asthma risk was highest among rescue/recovery workers on the WTC pile on September 11 (20.5% [95% CI, 19.0%-22.0%]). Persistent risks included working longer at the WTC site, not evacuating homes, and experiencing a heavy layer of dust in home or office. Of participants with no PTSD history, 23.8% (95% CI, 23.4%-24.2%) reported PTS symptoms at either W1 (14.3%) or W2 (19.1%). Nearly 10% (9.6% [95% CI, 9.3%-9.8%]) had PTS symptoms at both surveys, 4.7% (95% CI, 4.5%-4.9%) had PTS symptoms at W1 only, and 9.5% (95% CI, 9.3%-9.8%) had PTS symptoms at W2 only. At W2, passersby had the highest rate of PTS symptoms (23.2% [95% CI, 21.4%-25.0%]). Event-related loss of spouse or job was associated with PTS symptoms at W2. CONCLUSION: Acute and prolonged exposures were both associated with a large burden of asthma and PTS symptoms 5 to 6 years after the September 11 WTC attack.



[bookmark: _ENREF_3]Cogliano, V. J., R. Baan, et al. (2011). "Preventable exposures associated with human cancers." J Natl Cancer Inst 103(24): 1827-1839.

	Information on the causes of cancer at specific sites is important to cancer control planners, cancer researchers, cancer patients, and the general public. The International Agency for Research on Cancer (IARC) Monograph series, which has classified human carcinogens for more than 40 years, recently completed a review to provide up-to-date information on the cancer sites associated with more than 100 carcinogenic agents. Based on IARC's review, we listed the cancer sites associated with each agent and then rearranged this information to list the known and suspected causes of cancer at each site. We also summarized the rationale for classifications that were based on mechanistic data. This information, based on the forthcoming IARC Monographs Volume 100, offers insights into the current state-of-the-science of carcinogen identification. Use of mechanistic data to identify carcinogens is increasing, and epidemiological research is identifying additional carcinogens and cancer sites or confirming carcinogenic potential under conditions of lower exposure. Nevertheless, some common human cancers still have few (or no) identified causal agents.



[bookmark: _ENREF_4]Li, Z., L. C. Romanoff, et al. (2010). "Variability of urinary concentrations of polycyclic aromatic hydrocarbon metabolite in general population and comparison of spot, first-morning, and 24-h void sampling." J Expo Sci Environ Epidemiol 20(6): 526-535.

	Urinary mono-hydroxy polycyclic aromatic hydrocarbons (OH-PAHs) are commonly used in biomonitoring to assess exposure to polycyclic aromatic hydrocarbons (PAHs). Similar to other biologically non-persistent chemicals, OH-PAHs have relatively short biological half-lives (4.4-35 h). Little information is available on their variability in urinary concentrations over time in non-occupationally exposed subjects. This study was designed to (i) examine the variability of nine urinary OH-PAH metabolite concentrations over time and (ii) calculate sample size requirements for future epidemiological studies on the basis of spot urine, first-morning void, and 24-h void sampling. Individual urine samples (n=427) were collected during 1 week from 8 non-occupationally exposed adults. We recorded the time and volume of each urine excretion, dietary details, and driving activities of the participants. Within subjects, the coefficients of variation (CVs) for the wet-weight concentration of OH-PAHs in all samples ranged from 45% to 297%; creatinine adjustment reduced the CV to 19-288% (P<0.001; paired t-test). The simulated 24-h void concentrations were the least variable measure, with CVs ranging from 13% to 182% for the 9 OH-PAHs. Within-day variability contributed on average 84%, and between-day variability accounted for 16% of the total variance of 1-hydroxypyrene (1-PYR). Intraclass correlation coefficients of 1-PYR levels were 0.55 for spot urine samples, 0.60 for first-morning voids, and 0.76 for 24-h voids, indicating a high degree of correlation between urine measurements collected from the same subject over time. Sample size calculations were performed to estimate the number of subjects required for detecting differences in the geometric mean at a statistical power of 80% for spot urine, first-morning, and 24-h void sampling. These data will aid in the design of future studies of PAHs and possibly other biologically non-persistent chemicals and in the interpretation of their analytical results.



[bookmark: _ENREF_5]Lioy, P. J. and P. Georgopoulos (2006). "The anatomy of the exposures that occurred around the World Trade Center site: 9/11 and beyond." Ann N Y Acad Sci 1076: 54-79.

	The attack on the World Trade Center (WTC) resulted in a new era of awareness on terrorism in the United States and the issues surrounding the potential for acute and/or long-term health outcomes caused by personal exposures to toxicants released during a terrorist event or an accident. The aftermath of the collapse yielded a situation usually not encountered in environmental health science: a large population's exposure to a previously uncharacterized complex mixture of airborne gases and particles, and re-suspendable particles (>2.5 microm in diameter). This led to a series of rapidly changing potential and actual exposure categories, both in space and time that were associated with the complex mixture of heterogeneous composition and character; e.g., very large particles mixed with much smaller amounts of fine particles, and gases released by uncontrolled combustion. The four categories of outdoor exposure that were encountered will be discussed over the period from September 11 until the fires ended on December 20, 2001. Further, the complex issue of indoor exposure to deposited dust will be highlighted from the beginning through the residual exposure issues being examined today (Category 5 period). The strength of the information on the initial WTC dust and smoke, and the smoke plumes from the fires and the continuing (permanent) gaps in our knowledge within the exposure sciences will be discussed, as well as our attempt to reconstruct exposure for various segments of the population in southern Manhattan and the surrounding areas. This all will be tied to lessons that must be considered in response to future events, natural or otherwise.



[bookmark: _ENREF_6]Zeig-Owens, R., M. P. Webber, et al. (2011). "Early assessment of cancer outcomes in New York City firefighters after the 9/11 attacks: an observational cohort study." Lancet 378(9794): 898-905.

	BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence and its potential association with exposure in the first 7 years after 9/11 in firefighters with health information before 9/11 and minimal loss to follow-up. METHODS: We assessed 9853 men who were employed as firefighters on Jan 1, 1996. On and after 9/11, person-time for 8927 firefighters was classified as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-exposed firefighters to non-exposed firefighters, adjusted for age, race and ethnic origin, and secular trends, with the US National Cancer Institute Surveillance Epidemiology and End Results (SEER) reference population. CIs were estimated with overdispersed Poisson models. Additional analyses included corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared with the general male population in the USA with a similar demographic mix, the standardised incidence ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When compared with non-exposed firefighters, the SIR of cancer incidence in WTC-exposed firefighters was 1.19 (95% CI 0.96-1.47) corrected for possible surveillance bias and 1.32 (1.07-1.62) without correction for surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation of this finding because the time since 9/11 is short for cancer outcomes, and the reported excess of cancers is not limited to specific organ types. As in any observational study, we cannot rule out the possibility that effects in the exposed group might be due to unidentified confounders. Continued follow-up will be important and should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational Safety and Health.








