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Executive Summary

L Background

The Hanford Thyroid Disease Study (HTDS) was mandated by an act of Congress in 1988. The
Centers for Disease Control and Prevention (CDC) was directed by Senate Bill 2889 to conduct a study of
thyroid morbidity among persons who lived near the Hanford Nuclear Site between 1944 and 1957. A team
of investigators at the Fred Hutchinson Cancer Research Center (FHCRC) and the University of
Washington in Seattle was selected by the CDC to conduct the study, and a contract was awarded to the
FHCRC on September 19, 1989.

The primary purpose of the study was to determine whether thyroid morbidity is increased among
persons exposed to releases of radioactive iodine from the Hanford Nuclear Site between 1944 and 1957.
The study was also designed to further determine in what way any increase in thyroid morbidity was related
to the dose of radiation received (i.e., the characteristics of any dose-response relationship). Secondary
objectives of the study included the following: 1) to determine whether hyperparathyroidism is increased
among persons exposed to the Hanford radiation and, if so, to determine in what way the increase is related
to the dose of radiation received; 2) to provide information to residents of the communities surrounding the
Hanford Site regarding the objectives, design, and conduct of the study, as well as the findings and results
of the research; and 3) to assess the appropriateness of the methods employed and the degree to which such
an investigation could be successfully planned and executed, given the long interval since exposure and the
uncertainties regarding radiation dose.

This study was conducted as a follow-up prevalence study. That is, a group of individuals (a
“cohort”) was selected on the basis of presumed past exposure to varying levels of radioactive iodine (
in particular) released into the atmosphere from Hanford, based on place and year of birth. Individuals in
the cohort were located and those who participated had a dose estimate calculated from answers to a
dosimetry questionnaire, and were examined for the presence or history of thyroid disease. The primary
analyses focused on living participants who received medical examinations to detect thyroid disease, and
for whom thyroid radiation doses were estimated using the dosimetry system developed by the Hanford
Environmental Dose Reconstruction (HEDR) Project. All forms of thyroid disease were investigated as part
of the study and were included in the analysis, as were abnormalities of the thyroid gland seen on
ultrasound examinations. In addition, primary hyperparathyroidism was evaluated by screening individuals
for hypercalcemia.

13II

The work was conducted in two stages. The first was a Pilot Study, the primary purpose of which
was to evaluate the feasibility of the methods proposed, and to develop the specific operational procedures
and data collection instruments needed for a full study. The second stage was to implement the remaining
fieldwork to complete such a study. This approach allowed the accumulation of information and experience
prior to initiation of the more costly full-scale study.

The Pilot Study was completed in December 1994, with a report issued January 24, 1995.
Reviews of the Pilot Study by the National Research Council’s Board of Radiation Effects Research of the
Commission on Life Sciences and the federal Advisory Committee for the HTDS concluded that a full-
scale epidemiologic study should be undertaken. The fieldwork for the Full Study was completed in
December 1997. This document summarizes the Final Report of the Hanford Thyroid Disease Study.
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II. Fieldwork

A. Cohort Definition and Participant Selection

To achieve the primary objective of the study, it was important to identify a cohort that would
provide the greatest likelihood of detecting an association between Hanford radiation exposure and thyroid
disease, if such a relationship exists. This was accomplished by defining a cohort that would include
adequate numbers of people with the highest possible radiation doses to the thyroid from Hanford, as well
as people with very low radiation doses to the thyroid from Hanford.

Extensive efforts were made to investigate different sources of information that could be used to
construct a cohort of people who might have been exposed. Ideally, such a list would include everyone in a
relatively large population living in the region around the Hanford site during the time period that
atmospheric releases of radioactive iodine occurred, and would contain enough identifying information on
each person to allow them to be located for the study (several decades after exposure). Only birth records
provided a viable unbiased source for identifying a cohort.

For the purposes of participant selection only, residence at time of birth was considered a
surrogate for the anticipated radiation dose to the thyroid from Hanford, since doses could only be
estimated from data collected during the study. To select study participants for the Pilot Study, a birth
roster was constructed based on all births to mothers resident in the Washington State counties of Benton,
Franklin, Walla Walla, Okanogan, Ferry, and Stevens. Following the Pilot Study, and based on the dose
estimates for Pilot Study participants, Adams County was added for the Full Study selections, in order to
maximize the numbers of participants with high doses. Adequate numbers of participants with no or very
low dose were obtained in the Pilot Study selections from Stevens, Ferry, and Okanogan counties, and no
further selections were made from these areas.

Preliminary estimates from the HEDR project suggested that the highest thyroid doses were likely
to be in people exposed as infants or children during the first years of Hanford operations. This is because
infants and children receive higher thyroid doses per unit exposure, due primarily to the small size of their
thyroid glands. Existing literature also suggests that the risks radiation-induced thyroid disease (and
possibly hyperparathyroidism) are greatest among those exposed at youngest ages. For these reasons, the
Pilot Study included people born from 1942-46, since the large majority of atmospheric releases of
radioactive iodine from the Hanford facility occurred in 1944-46. For the Full Study, additional selections
from the years 1940 and 1941 in Benton, Franklin, and Adams counties were included to maximize the
number of potentially high dose participants. Thus, the cohort contained people with exposure beginning
as early as the prenatal period, and as late as age three. An additional benefit of choosing a young group
was that mothers and close relatives of participants born during 1940-46 were more likely be alive and
available for interview, compared to those of persons born earlier.

Selection of potential participants from the Birth Roster was stratified by geographical area, year
of birth, and sex. The purpose of stratification by geographical area and birth year was to assure that
adequate numbers of high dose and low dose participants were identified, so that as wide a range of doses
as possible was obtained. Stratification by sex also reduced the possibility of confounding by sex that
could reduce the efficiency of the study. Geographical areas were defined to distinguish predominantly
rural areas from those that are predominantly urban, because residents of predominantly rural areas may
have been more likely to consume fresh raw milk than their more urban counterparts. A total of 5199
individuals were selected to form the cohort.
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B. Tracing and Locating Study Participants

Because members of the study cohort were identified solely on the basis of birth records from the
mid-1940s, extensive effort was required to locate them as adults nearly fifty years later. Thus, the primary
objective of the tracing component of the study was to identify a current address and telephone number for
all living cohort members, so they could be recruited to participate in the study. A second objective was to
obtain confirmation of death, as well as date and cause of death, for all those who were deceased.

Several approaches were used to trace potential participants. Initially, relatively easy to use and
readily accessible sources were used. Subsequently, more resource-intensive and costly resources were
employed to find the more difficult to locate individuals. A final attempt to locate the most difficult to find
potential participants was made by using established professional locating services and military locating
services.

Of the 5199 cohort members, 4350 living individuals were located and 527 individuals were
confirmed deceased. Thus, nearly 94% of the cohort was located, with their identities confirmed. Only
322 potential participants (6.2%) remained "unable to locate” at the end of the study. Notably, the ability
to locate well over 90% of all potential participants did not vary substantially by sex, or geographic region
of birth, or year of birth. Almost 84% of all potential participants were located as living, and their
identities (whether they agreed to participate or not) were confirmed directly by contact with the potential
participants themselves or with close relatives who could verify their identities and current addresses.

Five hundred twenty-seven (10.1%) of the cohort members were confirmed to be deceased by a
close relative and/or other reliable source (such as death certificate). The proportion confirmed deceased
was higher among males (12.7%) than females (7.5%). Sixteen potential participants (0.3%) were located
as living, but died during the study prior to completing a clinic. Death certificates were obtained for 93%
of the total 543 deceased.

At least one living cohort member was located in every state in the U.S. except for Rhode Island.
Fifty-four percent of those located resided in Washington State, 9.4% in California, 9.1% in Oregon and
2.7% in Idaho. The only other state where more than 2% of the living cohort members resided was Texas
(2.2%). Thirty-six participants (0.8% of those located) lived in countries outside of the U.S., including
Canada, Dubai, Ecuador, Germany, Mexico, Saudi Arabia, South Africa, South Korea, England, Guam,
Australia, Japan, France, Saipan, Hungary, Columbia, and Taiwan.

C. Recruiting Study Participants

The objectives of the recruiting effort were to contact living cohort members, obtain their
agreement to participate in the study, and to identify an appropriate respondent to complete the Computer
Assisted Telephone Interview (CATI). Once a potential participant was located through the tracing
procedure, initial contact was made by mail. In some instances a preliminary letter or phone call was
necessary to confirm the potential participant's identity. Each living potential participant located received
an initial contact letter, fact sheet, and a description of what participation in the study would entail.

A recruiter called each located potential participant five to seven days after the first contact letter
was mailed. A minimum of 10-15 evening attempts were made at various weeknight and weekend time
periods, and a minimum of three daytime (weekend and weekday) calls were attempted. If the potential
participant could not be contacted by phone after 20-25 attempts, a second letter was sent explaining that
the study had been unable to reach them at the phone number on file, and asking them to call the toll-free
HTDS number. After 40-45 attempts resulting in no contact with either the potential participant or a
household member, the potential participant was considered “unable to contact” and no further attempts
were made.
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If a potential participant refused, the recruiter asked him/her to complete a Refusal/Demographic
Questionnaire. Twelve demographic questions relating to race, ethnic origin, income, religion, and
education level were asked in order to obtain a general profile of those who refused to participate, or who
withdrew after initially agreeing to participate. The recruiter also completed a Refusal Assessment after the
call to record the nature and strength of the refusal from the recruiter’s perspective.

A total of 4239 potential participants (97.4% of all living, located cohort members) were contacted
by telephone and invited to participate in the study. An additional 93 (2.1% of all living, located cohort
members) were located to an address, and were sent one or more letters, but could not be contacted by
telephone. Of those contacted by telephone, 3564 (84.1%, or 81.9% of all located, living cohort members)
agreed to participate in the study. Of those located alive, 634 (14.6%) refused to participate.

Willingness to participate did not differ substantially by sex, year of birth, or geographic region of
birth. “Not interested” and/or “no time” were by far the most commonly given reasons given refusals,
accounting for 64.8% of all refusals. The second most commonly cited reasons were “illness” and
“impairment” (7.6%). An additional 41 potential participants were determined to be unable to fully
participate during the recruiting process and were consequently not included in the study regardless of
willingness to participate.

D. Computer Assisted Telephone Interview

The primary objective of the Computer-Assisted Telephone Interview (CATI) was to collect
information that would be used as input for calculating an estimated radiation dose to the thyroid gland for
each study participant. A CATI was conducted by an interviewer who read the interview text and questions
from a computer screen, and recorded the responses as they were given.

The CATI was designed to collect information from the early years of the participants’ lives,
including time in utero if necessary, from 1944 to 1957. The interview was “location-driven” so that the
information collected was specific to locations and periods of time directly relevant to the atmospheric
releases of "*'I from Hanford. The following topic areas were included in the CATI interview: 1) general
demographic characteristics of the participant and his or her family; 2) a residential history of the
participant from birth through 1957, and for the mother while pregnant with or breastfeeding the
participant; 3) sources of the milk consumed by the participant from birth through 1957, and by the
participant’s mother while pregnant and breastfeeding the participant; 4) milk consumption patterns of the
participant from birth through 1957, and of the mother during pregnancy and breastfeeding; and 5) other
patterns of food consumption, including green and leafy vegetables, fruit, and free range chicken eggs by
the participant from birth through 1957, and by the mother while pregnant and breastfeeding. In addition,
medical history information was obtained for both the mother and the participant, including the following:
1) thyroid diseases and selected other medical conditions diagnosed and treated in the participant; and 2)
history of medical radiation exposures, either diagnostic or therapeutic, for the participant, and for the
mother during pregnancy and breastfeeding.

To help the CATI respondents accurately report detailed information about their child (or sibling)
from very long ago, several elements of the cognitive approach to interviewing were incorporated into the
design of the CATI. The key element to this approach is to mentally take the respondent back to the time
period in question, and have them remember as much about that time as possible. As more memories of the
time in question are recalled by the respondent, the likelihood of remembering answers to specific
questions increases.

Memory materials were developed to help the respondent prepare for answering the interview
questions. Background information was provided to encourage memory about specific topics. The memory
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materials were organized into a booklet that was sent with a Residence History Questionnaire to
respondents in advance of the interview. In addition, the text of the interview was refined to include
references to specific parts of the memory materials at key points during the interview.

Of the 2712 participants who identified a CATI respondent, interviews were completed for 2266
(83.6%). Of the 3447 eligible study participants who completed the clinic, 2133 (61.9%) had a CATI
interview. In 29 instances, CATI interviewers determined the quality of the data provided by respondents
was too poor to be considered reliable. Expanded interviews were performed at the clinic for these 29
participants.

E. Scheduling

The primary objective of the scheduling activity was to provide each participant with at least three
options for clinic attendance, with the least possible inconvenience to the participant. A schedule of clinic
dates and locations was developed based on the current residences of participants. Clinics were held in
Seattle, Pasco, Spokane, Walla Walla, Yakima, Wenatchee, Colville, Omak, Portland Oregon and
Vancouver Washington. Most participants from outside Washington State attended clinics in Seattle.

Multiple attempts were made to contact all participants, and every participant was offered several
options for clinic dates. Each scheduled participant was sent a letter that included: 1) the date and time of
clinic appointment; 2) location of clinic and directions; 3) travel arrangements summary and/or tickets (if
applicable); and 4) Interview Preparation Worksheet. If a participant canceled a clinic appointment, an
attempt was made to reschedule the participant. A participant who canceled a clinic appointment would be
rescheduled an unlimited number of times. If a participant decided not to participate in the study during the
scheduling process, the scheduler assessed the reason for the withdrawal and addressed the participant’s
concerns in an attempt to retain participation. If the participant persisted in the withdrawal, she or he was
asked to complete a Refusal Questionnaire.

Approximately 90% of those who initially agreed to participate completed a clinic. The number of
participants who withdrew after initially agreeing to participate was 298 (7.7%).

F. Clinical Evaluation

The objective of the clinical component of the study was to provide a thorough clinical
examination of each study participant to determine the presence of thyroid disease, or primary
hyperparathyroidism. Each participant was administered an In-Person Interview prior to the clinic
examinations; this is described in more detail below. Following the interview, each participant underwent a
full complement of examinations to determine the presence or absence of any thyroid disease or primary
hyperparathyroidism. The examinations included thyroid ultrasound, independent thyroid palpation by two
study physicians, and blood tests for thyroid and parathyroid function, and anti-thyroid immune response.
Additional studies were requested if indicated by the presence of palpable thyroid nodules.

The physical examination was conducted separately by two study physicians. The results of their
examinations were reviewed, and if there was any disagreement, the two examiners conferred and re-
examined the participant together to reach a consensus. The findings of each physician were recorded
separately, as were the findings of any consensus examination, prior to review of the ultrasound scan. If
abnormalities were found on the ultrasound which were not found on physical exam, the two physicians
performed a final consensus examination. The physical examination and ultrasound findings were then
discussed with the participant.
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Participants found to have discrete, palpable, solitary thyroid nodules or dominant nodules within
a multinodular gland upon examination were asked to undergo fine-needle aspiration (FNA) biopsy of the
nodule. Participants who wanted to delay the procedure could either return to the HTDS clinic site on
another clinic date, or have the FNA performed by a local physician in their community. Thyroid nuclear
scans were recommended for participants whose examination and laboratory results were suspicious for the
presence of autonomously functioning thyroid nodules, Graves Disease, or toxic thyroid nodules.

A total of 3447 eligible participants were examined in the HTDS clinics. Of the 3447 participants,
3439 (99.8%) had blood drawn for thyroid function studies, and 3446 had thyroid ultrasound. Of the 272
participants for whom FNA was recommended, 259 (95.2%) underwent the procedure, while 28 of the 29
(96.6%) participants recommended to have a nuclear scan complied.

G. In-Person Interview

The purpose of the In-Person Interview was to obtain information directly from the study
participant about his/her past exposures to occupational and/or medical irradiation, history of thyroid
disease, and general demographic information. In addition, for those participants who could not identify a
respondent for the dosimetry interview, an expanded version of the In-Person Interview provided details
regarding residence history and limited information on the type of milk consumed, for use in estimating
their thyroid radiation doses from Hanford’s atmospheric releases of '*'I. The In-Person Interview was
conducted before the participant began the medical components of the clinic (ultrasound, blood draw, and
physical examination). This was done to ensure that the participant’s responses could not be influenced by
knowledge of examination results. All interviews were conducted in person by trained, experienced
interviewers.

The In-Person Interview included questions about the participant from age 15 to the present, in the
following topic areas: 1) general demographic characteristics; 2) residential history, including dates and
locations of residences, 3) occupational history, focusing on occupations and industries with potential of
exposure to any form of ionizing radiation; 4) military history as obtained in both the residential and
occupational sections, especially regarding possible exposures to nuclear weapons tests (e.g., in Nevada or
the Marshall Islands); 5) medical history, including dates and places for all thyroid-related diseases and
symptoms; 6) history of medical and dental X-ray exposures; 7) history of nuclear medicine procedures;
8) history of radiation therapy; 9) selected lifestyle factors, such as patterns of tobacco use; and 10)
familiarity/bias questions to assess knowledge of the Hanford releases and any strongly-held beliefs about
their possible health effects.

All 3447 eligible participants attending a HTDS clinic completed an In-Person Interview. Six
interviews were judged to have insufficient residence history information to calculate a dose estimate. One
participant was unable to complete the interview because of developmental disabilities, however the
participant’s father (who was unable due to illness to participate in a CATI dosimetry interview) was
mailed a modified version of the expanded In-Person Interview questionnaire and provided the information
in this manner. Overall, 61% of participants completed the Standard In-Person Interview, while 39%
completed the Expanded version.
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H. Clinic Medical Review and Final Diagnosis Determination

The objectives of the Clinic Medical Review and Final Diagnosis Determination processes were
to: 1) evaluate each participant’s clinical thyroid examination results from the HTDS clinic visit; 2)
communicate clinic results to participants in a timely manner and, when indicated, to the participant’s
health care provider; and 3) assign the final diagnoses for each case, according to the format developed
using all information available prior to and including the HTDS clinic.

Following each clinic, results of the laboratory tests performed on blood specimens, of
radiologists’ reviews of ultrasound examinations, and of the study pathologist’s evaluation of any FNA
specimens were received in the HTDS office within 5-6 days. Physicians reviewed each participant’s clinic
results, and a letter informing the participant of the results was sent. A Final Diagnosis Determination Form
was completed for all remaining participants. All participants received their clinic results within 3-4 weeks
following their clinic appointment. Letters were also sent to each participant’s health care provider, if the
participant indicated this was to be done.

If follow-up tests were recommended to a participant, that participant’s clinic and follow-up
results were reviewed at another Clinic Medical Review once the results were received in the HTDS office.
A second results letter was mailed to the participant and their health care provider, describing the results of
the follow-up tests. The Final Diagnosis Determination Form was then completed.

All 3447 eligible participants who attended a study clinic received a Clinic Medical Review.
Eighty percent of participants had a Final Diagnosis Determination Form completed at the time of their
Clinic Medical Review. The remaining 20% had either historical medical records or post-clinic
recommendations for further diagnostic procedures, and had a Final Diagnosis Determination Form
completed following compilation and review of the records from those providers.

A total of 259 participants had FNA procedures performed at the clinic or on the recommendation
of the HTDS physicians. Of these, 47 were recommended at Clinic Medical Review to have further biopsy
or surgical procedures to rule out a diagnosis of thyroid neoplasm. In addition, 29 participants with thyroid
nodules or suppressed TSH were recommended to undergo thyroid nuclear scan. Twenty participants had
an abnormal calcium level and were recommended to have additional blood drawn for parathyroid hormone
(PTH) studies to confirm or rule out a diagnosis of hyperparathyroidism. Thirty participants were
requested to have additional blood drawn due to abnormal or borderline thyroid function.

1. Historical and Post-Clinic Medical Records Review

The primary objectives of the medical record component were to: 1) document thyroid problems
reported by study participants and CATI respondents; 2) obtain any cytological or histological specimens
from previous biopsies or surgeries for review by the study’s pathologist; and 3) obtain the results
(including histological specimens) of any further diagnostic or surgical procedures recommended by the
HTDS as a result of a finding at the HTDS clinic. A secondary objective of the medical record component
was to obtain cause of death information on all deceased cohort members, in order to assign cause of death
codes and perform a mortality analysis.

During the CATI interview, respondents were asked to provide the names (and addresses, if
known) of any physician who saw the participant for diagnosis or treatment of thyroid disease. At the time
of the In-Person Interview, the participant was asked to provide the names and addresses of physicians or
institutions where they had been diagnosed or treated for thyroid or parathyroid disease, and to sign a
consent form for the release of information from each of these providers.
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For each deceased cohort member, the death certificate or informant information was used to
complete a Cause of Death Form. In addition, the primary cause of death was coded using the ICD9-CM
system. For those whose date of death preceded the use of the ICD9-CM system, the primary cause of
death was also back-coded using the system in use at the time of death.

Reports of historical medical records were obtained for 694 participants, with a total of 1259
consent forms completed to obtain medical records from different providers. While the majority of reports
were made during the In-Person Interview, CATI Interviews yielded 30 of these reports.

Of the 1259 Medical Record Consents obtained, a total of 795 (63.1%) separate medical records
were received by the HTDS. No records were received for 464 requests (36.9%). In 102 (8.1%) cases,
records could not be requested because the physician was deceased or retired, or a current address could not
be identified. For 128 (10.2%) requests, records were unavailable due to the destruction of records, the
inability of the provider to identify the patient, or an inability to locate the records. In 232 (18.4%) cases,
records were not received after several contacts, without explanation as to why they were not available.

Of the 694 participants identifying historical medical records to be requested, pathology or
cytology slides were requested for 52 (7.5%). In a few cases, more than one set of slides was requested, for
a total of 58 separate requests. A total of 42 sets of historical pathology or cytology slides were received
for 42 (80.8% of slides requested) participants.

One potential concern is that diagnoses of disease outcomes might be missed when requested
medical records or slides could not be obtained: none or only part of the requested records or slides were
received for 199 (29%) and 160 (23%), respectively, of the 694 participants for whom such requests were
made. However, even if a medical record or slide could not be obtained, the likelihood of a missed
diagnosis was generally low because in most such situations the HTDS evaluation provided a definitive
assessment of whether the diagnosis for which the medical record was sought was confirmed or not
confirmed.

Medical records documenting further diagnostic studies recommended as a result of the HTDS
clinic findings were requested for 35 participants, with a total of 72 separate requests. All but one of these
records were obtained, with at least one record obtained for each of the 35 participants. Thirty-three of
these participants also had histology or cytology slides requested, for a total of 35 separate requests. All
35 ofthese specimens were obtained.

Death certificates were received for 504 of the 543 deceased cohort members. Cause of death was
coded for 543 deceased cohort members.

J. Dose Estimation

The primary analyses of dose-response relationships were based on individual estimates of
radiation dose to the thyroid from Hanford’s atmospheric releases of "*'I, specifically organ doses to the
thyroid that were estimated from data collected during the CATI and/or the Expanded In-Person Interview.
The CIDER program developed by the HEDR Project was used to calculate estimated doses. In particular
the CIDER output for an individual consisted of 100 realizations of the estimated cumulative total organ
dose to the thyroid from 'L

Each of the 100 realizations of dose was calculated for a fixed set of conditions regarding the
source term, environmental transport, and uptake of "*'I, and these conditions for a given realization were
the same for every participant. The 100 realizations were obtained by randomly varying the conditions,
i.e., the uncertain parameters in the HEDR models for source term, transport, etc., in order to characterize
the uncertainty in the resulting dose estimates. Thus it is useful to view each realization as consisting of a
set of doses, one for each in-area participant. For many purposes it was useful to have a single number or
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“point estimate” to represent each participant’s dose. For each living evaluable in-area participant, the
median of the 100 realizations of dose, d; = median(D; 1, ... , D; q0) for participant i, was used as a summary
measure of that participant’s dose. .

Of the 3447 eligible participants who attended a study clinic, 3440 were considered evaluable for
the study, i.e., had sufficient information for dose estimation and could be adequately examined for thyroid
disease. The CIDER program calculated estimates of doses accumulated by people while living within a
75,000 square mile geographical domain around Hanford. Dose estimates could therefore be calculated by
the CIDER program for 3191 of the evaluable participants who lived within that domain at least some time
from the start of Hanford operations in 1944 through the end of 1957; these 3191 are designated “in area”
participants. The remaining 249 “out-of-area” participants did not, according to their CATI or Expanded
In-Person Interview data, live within the domain during that time period. Although the CIDER could not
calculate dose estimates for the out-of-area participants, they were included in the study.

K. Data Management

The primary objective of the Data Management Plan was to specify the procedures to develop and
maintain the study databases, and the procedures that would be used to ensure data quality. Principal
components of the plan included duplicate entry for all data forms, range checks encoded in the data entry
programs, and consistency check programs run on the data after entry. A second objective of the Data
Management Plan was to maintain the confidentiality of the data. This included data in computerized form
through the use of passwords and control of limited access to directories and data files, and to paper
records, which were stored in locked files in locked offices or in a file room which had limited access via
keycard.

In order to ensure high data quality, all data entered from paper forms were subject to double-entry
verification. Additional computer programs were written to check and crosscheck all of the data, both
within a data form and across data forms. For example, the diagnoses coded on the Final Diagnosis
Determination Forms were compared to all the other data collected (i.e., examination forms, ultrasound
forms, CATI data, In-Person Interview data, and the tracking system) to ensure that all appropriate
diagnoses were included. All inconsistencies were investigated by review of the participant’s records,
including audiotapes of CATI interviews when necessary. Once any changes were made to a database,
check programs were run to ensure all changes had been made correctly.

L. Data Quality Control

In addition to the data management plans and procedures outlined above, additional steps were
taken after data collection to ensure a high degree of data quality. These efforts included 1) more extensive
between-table consistency checks of the In-Person Interview data and the CATI data, 2) hand calculation of
the participant’s diet portion of the CIDER input data files (“scenario files”) for 10% of those with a CATI,
3) comparison of the mother’s diet portion of the scenario file for all those with a CATI based on a separate
computer program written by a programmer other than the one who created the scenario file program, 4)
comparison of dose estimates produced by a CDC programmer versus those produced by HTDS, and 5)
review by a second programmer of complex analysis programs that included code other than standard SAS
procedures.
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III.  Special Considerations

A. Coordination with the Advisory Committee

In June of 1990, an Advisory Committee was appointed by the Secretary of the Department of
Health and Human Services to advise and consult with the CDC regarding the design and conduct of the
study. The committee was established pursuant to the Federal Advisory Committee Act, (5 U.S.C.
Appendix 12). The role of the committee was to review the development of the study protocol and conduct
of the Pilot Study, assist in determining the feasibility and design of a full-scale epidemiologic study, and
advise CDC on the analysis of the study results.

Initially, meetings of the committee were to be held on a quarterly basis in Atlanta, Georgia. In
recognition of the interest in the Pacific Northwest in such proceedings, however, the committee asked that
at least one meeting per year be held in Washington State. Following completion of the Pilot Study,
meeting frequency was reduced to approximately once per year, with the majority of these held in Seattle,
Washington.

Meetings of the Advisory Committee were open to the public. All materials presented to the
committee became public record, with copies available for members of the public at the meetings.
Meetings held in Washington State were nearly always accompanied by an evening Public Meeting to
allow members of the public to attend and to ask questions or make comments regarding the study.

Each meeting of the Advisory Committee began with an update on the progress of the study since
the previous meeting. These presentations included the status of preparations for the study field work, or
later, the numbers of study participants completing each phase of the study. Updates on the separate work
concerning Native American populations were also included. Requests for further information from the
committee were documented, and information provided by study staff and investigators, as necessary.

B. Public Involvement

An important aspect of the HTDS was the provision of prompt, accurate, and complete
information to the public. In this context it was crucial that contacts be established with members of the
populations most interested in the work. Interested parties included representatives of the States of
Washington, Oregon, and Idaho; the Native American Tribes and Nations in the study areas, and local area
residents.

The public information activities of the study were designed to accomplish the following goals: 1)
to assure that residents of the region understood the issues that led to the initiation of the study, the purpose
and objectives of the study, its basic epidemiologic design, and the time schedule within which it was to be
conducted; 2) to provide opportunities for the public to express concerns and comments regarding the
design and conduct of the study, and to answer public questions regarding all aspects of the project; 3) to
create public interest and support for the study, particularly in ways that such support might enhance
participation by persons selected to be study participants; and 4) to assure broad dissemination and proper
interpretation of final study results.

Throughout the study, and particularly in the early phases, the study investigators participated in
public meetings held during the bi-monthly meetings of the HEDR Technical Steering Panel (TSP), and
contributed to the planning activities of the Communications subcommittee of the TSP. The HTDS also
supplied the TSP with a fact sheet that was included with TSP fact sheet mailings. This written material
was updated periodically as the study progressed.
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Several separate approaches were also taken to provide information to the public regarding the
HTDS. Initially, the study protocol was made available for public review and comment prior to its
submission to the CDC and the Advisory Committee. In conjunction with this activity, a series of public
meetings were held throughout the Northwest to discuss the protocol with the public and to answer specific
questions.

In addition to the study fact sheet mentioned above, several study brochures were developed and a
newsletter describing the progress and status of the study was initiated. The brochures included the
following: 1) HTDS Fact Sheet; 2) Questions and Answers about the Study; 3) Questions and Answers
about Radiation and Thyroid Disease; and 4) Review of Thyroid Disease and Approach to Diagnosis. A
master mailing list, which included the lists previously maintained by the FHCRC, the CDC, and the
HEDR Project, was assembled to mail the newsletter and brochures to interested individuals. By the later
stages of the HTDS, the mailing list contained nearly 9700 names. Early in the study, the newsletter was
published on a quarterly basis. Following the Pilot Study, however, yearly updates were used to inform
interested parties of the study’s progress. A total of 15 issues were published. A special issue summarizing
the findings in the Draft Final Report was distributed in January 1999.

Finally, study investigators and staff have been available to answer questions on a regular basis.
A phone line was designated in the Seattle study office for public inquiries, and a toll-free telephone
number was established at the Fred Hutchinson Cancer Research Center for the Hanford Thyroid Disease
Study (1-800-638-HTDS). People selected as study participants, and members of the general public, were
encouraged to use the toll-free number to contact the study office if they had questions or scheduling
conflicts. As access to the World Wide Web became more common, a web site for the study was
established at the FHCRC. All study brochures and newsletters have been available at that site since
January 1997, and are updated as necessary.

C. Native American Component

Nine Native American tribes and nations have reservations and ceded lands in the region around
Hanford: Colville, Couer d’Alene, Kalispell, Kootenai, Nez Perce, Spokane, Umatilla, Warm Springs, and
Yakama. Members of these tribes and nations were exposed to "*'I from Hanford, and the original
congressional mandate that led to the HTDS called specifically for the inclusion of “Indian tribes and tribal
organizations.” The approach taken in the HTDS regarding the Native American populations was
determined by two important characteristics of those populations. First, the lifestyles of many Native
Americans were quite different in many respects from those of the non-Native population. In particular,
many Native Americans followed traditional cultural practices, especially regarding diet and sources of
foods, which might influence the doses they received from Hanford’s "*'I, but which were not explicitly
modeled in the CIDER program. Moreover many Native Americans maintained a seasonal migratory
pattern of residence. Second, because the tribes and nations have sovereign rights recognized by the United
States, conduct of a research project such as HTDS would require the approval and active cooperation of
each tribal government. Thus, the objective of the HTDS with respect to the Native American populations
was to assess the feasibility of conducting a study to determine whether thyroid disease has increased
among Native Americans exposed to atmospheric releases of '*'I from Hanford.

Sample size and power calculations were carried out to determine whether it would be feasible to
conduct a retrospective cohort study using individual dose estimates, similar to that being conducted for the
HTDS Full Study. These calculations were based on data provided by eight of the nine tribes regarding
tribal-specific lifestyle and dietary practices. These data are likely to more accurately account for lifestyle
patterns and practices specific to each tribe than using assumptions derived from the non-Native American
population, and therefore the representative dose estimates are likely to more accurately approximate the
doses members of each tribe would have likely received from Hanford. Similarly, the demographic data
provided by each tribe are likely to more accurately reflect the size and demographic makeup of each tribe
around the time of the Hanford releases.
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Even under very liberal assumptions regarding the number of tribal members who might be
available to participate in a study, and the thyroid radiation doses Native Americans received from
Hanford’s atmospheric releases of *'I, a study nearly twice the size of the HTDS Full Study (6426 living
evaluable participants) would have only 50% power to detect an effect of the magnitude targeted by the
Full Study, i.e., a 5% increase in total thyroid neoplasia per Gray. Even under a more extreme assumption
that the baseline probabilities for thyroid neoplasia are only half of those assumed in the HTDS Full Study,
a study of 6426 living evaluable participants would only have 71% power to detect the same magnitude of
effect. Thus, it was recommended that a study of the design of the HTDS full study would not be feasible in
the Native American population encompassed by the nine tribes in the Hanford region.
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IVv. Statistical Methods

In the primary dose-response analyses, the exposure for each living evaluable in-area participant
was represented by the estimated radiation dose to the thyroid from Hanford’s atmospheric releases of "*'I,
as calculated using the CIDER program created by the HEDR Project. The primary dose-response analyses
for disease outcomes and ultrasound-detected abnormalities (UDAs) of the thyroid were based on
regression models in which the probability of having the outcome of interest varies as a linear function of
estimated thyroid dose, specifically the median dose as mentioned above. The model for this primary
analysis permitted the background probability of the outcome to depend on sex, but assumed a common
regression coefficient (slope) for the dose-response. The regression coefficient can be interpreted as the
change in the probability of the disease outcome, per unit change in dose. Since the purpose of the study
was to determine whether thyroid disease has been increased, significance testing focused on the null
hypothesis that the probability of having the outcome of interest does not vary with dose (i.e., that the
regression parameter has value zero) and the one-sided alternative hypothesis that the probability increases
with increasing dose (i.e., that the regression parameter is greater than zero). Alternative sex-stratified
dose-response models were also considered, specifically linear-quadratic and logistic models.

Identification and analysis of confounding and effect modifying factors was accomplished through
the analysis of generalizations of the logistic exposure-response models. For disease outcomes, these
generalizations allowed the background probabilities of the outcome of interest (i.e., the intercept
parameters) and/or the regression parameters to vary as functions of a number of factors that might
potentially confound the relationship between thyroid radiation dose and the outcome of interest. The
influence of uncertainty of the dose estimates on the dose-response relationships was examined by 1) fitting
the linear dose-response model using each of the 100 realizations of dose separately, and 2) using a
Bayesian approach to calculate deattenuated estimates of the regression slope parameter in the sex-stratified
logistic model.

It was not assumed that the out-of-area participants were unexposed to "*'I from Hanford. Indeed,
results of the HTDS Pilot Study suggested that many out-of-area participants lived in locations near the
HEDR domain at various times during 1945-1957. Alternative methods of assigning a dose estimate for
out-of-area participants were developed, and these dose estimates were used to assess the sensitivity of
dose-response results to assumptions about the doses for out-of-area participants.

The distribution of doses was quite skewed, with large numbers of comparatively low doses and
small numbers of quite high doses. Therefore analyses were performed to assess whether the dose-
response results might be inordinately influenced by the high dose participants. In particular, two empirical
checks were made to assess whether the estimated regression coefficient adequately represents the dose-
response relationship over the lower dose range.

Information released by the U.S. National Cancer Institute (NCI) shortly before and during
October 1997, indicated that people living in the contiguous 48 states during the 1950s and 1960s were
exposed to various levels of "*' released from the Nevada Test Site (NTS). The material released by NCI
included estimates of dose for representative individuals in all counties in the 48 states, as well as more
detailed data regarding estimated dose by individual test detonation, county, and age. Limited preliminary
comparisons for HTDS participants suggested that in many cases the reported NTS dose estimates were
comparable to or even greater than the estimated Hanford doses. Therefore it was judged necessary to
evaluate exposure to "*'I from the NTS as a potential confounding factor. For each participant in the
HTDS, the “estimated NTS dose” was defined specifically as the thyroid dose from '*'I entering the
atmosphere from tests conducted at NTS between 1951 and 1957, inclusive, as estimated from data made
publicly available by NCI. A categorical variable representing each living evaluable participant’s relative
level of exposure to "*'I from the NTS was calculated for use in the analyses of potential confounding.

HTDS Final Report: June 21, 2002 - Executive Summary xlv



V. Summary of Dose-Response Results

The primary evaluation of dose-response relationships focused on twelve categories of thyroid
disease, hyperparathyroidism, and ultrasound-detected abnormalities of the thyroid. For each of these 14
outcome categories a primary case definition was specified based on the most definitive diagnostic criteria
available. Diagnostic information obtained from the HTDS evaluation and diagnostic information which
was well documented in medical records and met criteria for HTDS diagnoses was considered to be the
most definitive and of the highest quality. The primary analysis for each outcome was therefore restricted
to cases defined according to these two sources. The principal dose-response analysis used this primary
definition of outcome, individual radiation dose estimates (the median of CIDER’s 100 realizations for
each individual) based on individual residence history, dietary consumption data from the CATI when
available, and HEDR default values when such data were not available. The results from these analyses
using the primary outcome definition constitute the principal findings of the HTDS.

Additional criteria were also defined for each outcome category, to identify cases using less
definitive diagnostic criteria, e.g., information obtained from prior medical records that did not meet HTDS
criteria, or reports of a diagnosis by a participant or CATI respondent which could not be confirmed by the
HTDS evaluation or medical records. Although the principal findings of the HTDS are based on the
primary outcome definition, dose-response analyses were also conducted for each of these alternative
definitions with less definitive diagnostic criteria. In addition, dose-response analyses were conducted for
six outcome categories based on the results of laboratory assays, and for thyroid mass estimated from the
ultrasound scan. Dose-response analyses for all disease and thyroid UDA outcomes were repeated using
two alternative sets of individual dose estimates, and two alternative representations of exposure that did
not use the CIDER program to estimate individual radiation doses. Efforts were also made to evaluate the
influence of uncertainties in individual dose estimates on the fitted dose-response relationships for the
primary case definition in each outcome category.

In overall summary of the dose-response results, there was no evidence of a statistically significant
association between estimated thyroid radiation dose from Hanford and the cumulative incidence of any of
the 14 primary outcomes. There was also no evidence of any statistically significant dose-response
relationship for any of the alternative definitions of outcome. The findings were essentially unchanged for
analyses based on either of the two alternative sets of individual dose estimates. The results remained the
same after taking into account several factors that might confound the relationship between radiation dose
and the outcome of interest. There was no evidence of any statistically significant dose-response for any
outcome that might be different from the linear model used in the primary analyses (e.g., a linear-quadratic
or logistic relationship). Incorporation of uncertainty in the dose estimates did not significantly change the
primary results for any of the outcomes or change the overall conclusions of the study. Summarized below
are the main findings for each of the primary outcomes investigated.

Thyroid Cancer

Twenty (0.6%) of the 3440 living evaluable participants were diagnosed with thyroid cancer; 13
women (0.7%) and 7 men (0.4%). In all but one case, the diagnosis was based on histologic evidence from
the HTDS examination (12) or prior histologic evidence (7). Using the primary definition (19 total cases;
14 in-area) and maximum likelihood analysis of the sex-stratified linear probability model, the cumulative
incidence of thyroid cancer did not increase significantly with estimated dose (p = 0.25), with an estimated
slope of 0.002 per Gy, and Bonferroni-adjusted 95% confidence interval (CI) ranging from less than —0.001
to 0.017 per Gy. Analyses that considered less definitive criteria to identify cases and alternative dose
estimates or representations of exposure revealed no statistically significant dose-response relationships.
Incorporation of uncertainty in the dose estimates did not significantly change the primary results.

Benign Thyroid Nodule

Two hundred and forty-nine (7.2%) of the 3440 living evaluable participants had a diagnosis of
benign thyroid nodule based on histologic or cytologic evidence arising from the HTDS examination or
from a prior diagnosis which met HTDS diagnostic criteria; 170 (9.7%) women and 79 (4.7%) men. An
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additional 38 participants (1.1%) had HTDS or prior diagnoses classified as clinical (i.e., palpable nodule
with no cytology or histology available), and another 10 (0.3%) had diagnoses based solely on a report by
the participant or his/her CATI respondent. Using the primary definition (249 total cases; 235 in-area), and
maximum likelihood analysis of the sex-stratified linear probability model, the cumulative incidence of
benign thyroid nodule did not increase significantly with estimated dose (p = 0.68), with an estimated slope
of —0.008 per Gy, and Bonferroni-adjusted 95% CI ranging from less than —0.022 to 0.041 per Gy.
Analyses that considered less definitive criteria to identify cases, as well as other disease outcomes related
to benign nodules (e.g., benign nodules and nodules suspicious for follicular neoplasm, benign nodule
excluding non-neoplastic disease, solitary nodule detected without ultrasound, benign nodule excluding
colloid-only nodules, and benign colloid nodules), and analyses which considered alternative dose
estimates or representations of exposure, revealed no statistically significant dose-response relationships.
Accounting for potential confounding or effect modification, and incorporation of uncertainty in the dose
estimates, did not significantly change the primary results.

Total Thyroid Neoplasia

This outcome was defined to include participants with thyroid cancer based on HTDS or prior
histology, or benign thyroid nodule with a histologic type of follicular adenoma, based on HTDS or prior
histology. A total of 33 (1.0%) of the 3440 living evaluable participants were included in this category; 20
(1.1%) women and 13 (0.8%) men. Using the primary definition (33 total cases; 28 in-area), and maximum
likelihood analysis of the sex-stratified linear probability model, the cumulative incidence of total thyroid
neoplasia did not increase significantly with estimated dose (p = 0.42), with an estimated slope of 0.001 per
Gy, and Bonferroni-adjusted 95% CI ranging from less than —0.003 to 0.022 per Gy. Analyses using
alternative dose estimates or representations of exposure revealed no statistically significant dose-response
relationships. Incorporation of uncertainty in the dose estimates did not significantly change the primary
results.

Any Thyroid Nodule

This outcome was defined by the diagnosis of one or more of the following: benign thyroid
nodule, thyroid cancer, or nodule suspicious for follicular neoplasm. A total of 281 (8.2%) of the 3440
living evaluable participants had this outcome based on histologic or cytologic evidence arising from the
HTDS examination or from a prior diagnosis; 193 (11.0%) women and 88 (5.2%) men. Another 39 (1.1%)
were based on HTDS or prior clinical diagnoses (i.e., palpable nodule with no available cytology or
histology), and 10 living evaluable participants had diagnoses of any thyroid nodule based solely on reports
from the participant or his/her CATI respondent.

Using the primary definition (281 total cases; 261 in-area), and maximum likelihood analysis of
the sex-stratified linear probability model, the cumulative incidence of any thyroid nodule did not increase
significantly with estimated dose (p = 0.65), with an estimated slope of —0.007 per Gy, and Bonferroni-
adjusted 95% CI ranging from less than —0.023 to 0.043 per Gy. Analyses that considered less definitive
criteria to identify cases and alternative dose estimates or representations of exposure revealed no
statistically significant dose-response relationships. Accounting for potential confounding or effect
modification, and incorporation of uncertainty in the dose estimates, did not significantly change the
primary results.

Hypothyroidism

Two hundred and sixty-seven (7.8%) of the 3440 living evaluable participants had a diagnosis of
hypothyroidism based on the HTDS evaluation or on medical records with supporting documentation; 204
(11.7%) women and 63 (3.7%) men. An additional 105 (3.1%) living evaluable participants had a
diagnosis of hypothyroidism based on medical records but without supporting documentation, and 30
(0.9%) were inferred from past or current thyroxine therapy. This latter group consisted of participants who
were taking thyroid hormone replacement, but in whom no medical records were available to confirm the
original diagnosis of hypothyroidism. There were also 193 (5.6%) cases based solely on reports of
hypothyroidism from the participant or his/her CATI respondent.
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Using the primary definition (267 total cases; 246 in-area), and maximum likelihood analysis of
the sex-stratified linear probability model, the cumulative incidence of hypothyroidism did not increase
significantly with estimated dose (p = 0.61), with an estimated slope of —0.006 per Gy, and Bonferroni-
adjusted 95% CI ranging from less than —0.016 to 0.047 per Gy. Analyses which considered less definitive
criteria to identify cases, as well as permanent hypothyroidism, and analyses which considered alternative
dose estimates or representations of exposure, revealed no statistically significant dose-response
relationships, although the estimated regression coefficients from logistic regression analyses using less
definitive criteria to identify cases were somewhat larger. Accounting for potential confounding or effect
modification, and incorporation of uncertainty in the dose estimates, did not significantly change the
primary results.

Autoimmune (Hashimoto's) Thyroiditis

A total of 625 (18.2%) of the 3440 living evaluable participants had a diagnosis of autoimmune
thyroiditis based on the HTDS evaluation or medical records with supporting documentation; 403 (23.1%)
women and 222 (13.1%) men. Another three cases were based on medical records without supporting
documentation, and one case was based solely on a report by the participant or his/her CATI respondent.

Using the primary definition (625 total cases; 582 in-area), and maximum likelihood analysis of
the sex-stratified linear probability model, the cumulative incidence of autoimmune thyroiditis did not
increase significantly with estimated dose (p = 0.82), with an estimated slope of —0.026 per Gy, and
Bonferroni-adjusted 95% CI ranging from less than —0.057 to 0.044 per Gy. Analyses which considered
less definitive criteria to identify cases, additional outcomes related to the assay for antithyroid immune
response, and autoimmune thyroiditis in combination with non-iatrogenic, permanent hypothyroidism, as
well as analyses which considered alternative dose estimates or representations of exposure, revealed no
statistically significant dose-response relationships. Accounting for potential confounding or effect
modification, and incorporation of uncertainty in the dose estimates, did not significantly change the
primary results.

Graves Disease

A total of thirty-four (1.0%) of the 3440 living evaluable participants had a diagnosis of Graves
Disease based on the HTDS evaluation or on medical records with supporting documentation; 28 (1.6%)
women and 6 (0.4%) men. Three (0.1%) living evaluable participants had a diagnosis of Graves Disease
based on medical records without supporting documentation, and an additional thirteen (0.4%) were based
solely on a report from the participant or his/her CATI respondent.

Using the primary definition (34 total cases; 32 in-area), and maximum likelihood analysis of the
sex-stratified linear probability model, the cumulative incidence of Graves Disease did not increase
significantly with estimated dose (p = 0.56), with an estimated slope of —0.001 per Gy, and Bonferroni-
adjusted 95% CI ranging from less than —0.002 to 0.024 per Gy. Analyses that considered less definitive
criteria to identify cases and alternative dose estimates or representations of exposure revealed no
statistically significant dose-response relationships. Accounting for potential confounding or effect
modification, and incorporation of uncertainty in the dose estimates, did not significantly change the
primary results.

Autoimmune Thyroid Disease

Autoimmune thyroid disease was defined by a diagnosis of autoimmune (Hashimoto’s) thyroiditis
or Graves disease based on the HTDS evaluation or medical records with supporting documentation. A
total of 659 (19.2%) of the 3440 living evaluable participants were included in this category; 431 (24.7%)
women and 228 (13.5%) men. These included 625 with autoimmune (Hashimoto’s) thyroiditis and 34
others with diagnoses of Graves disease. An additional 4 (0.1%) living evaluable participants had a
diagnosis of autoimmune thyroid disease based on medical records without supporting documentation
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(three with autoimmune thyroiditis, one with Graves disease). Eleven others (0.3%) were based solely on a
report by the participant or his/her CATI respondent (one with autoimmune thyroiditis, 10 with Graves
disease).

Using the primary definition (659 total cases; 614 in-area), and maximum likelihood analysis of
the sex-stratified linear probability model, the cumulative incidence of autoimmune thyroid disease did not
increase significantly with estimated dose (p = 0.80), with an estimated slope of —0.024, and Bonferroni-
adjusted 95% CI ranging from less than —0.058 to 0.048 per Gy. Analyses that considered less definitive
criteria to identify cases and alternative dose estimates or representations of exposure revealed no
statistically significant dose-response relationships. Accounting for potential confounding or effect
modification, and incorporation of uncertainty in the dose estimates, did not significantly change the
primary results.

Hyperthyroidism

A total of 161 (4.7%) of the 3440 living evaluable participants were diagnosed with
hyperthyroidism based on the HTDS evaluation or medical records with supporting documentation; 134
(7.7%) women and 27 (1.6%) men. An additional 14 (0.4%) living evaluable participants had a diagnosis
of hyperthyroidism based on medical records without supporting documentation, and 21 (0.6%) were based
solely on a report from the participant or his/her CATI respondent. It is important to note that these 196
cases included a substantial number of iatrogenic cases caused by excess thyroid hormone replacement.
Since endogenous hyperthyroidism (hyperthyroidism not caused by thyroid hormone over-replacement)
was of particular importance, analyses that focused on cases of non-iatrogenic hyperthyroidism were
emphasized in this study.

Using the primary definition (161 total cases; 155 in-area), and maximum likelihood analysis of
the sex-stratified linear probability model, the cumulative incidence of hyperthyroidism did not increase
significantly with estimated dose (p = 0.22), with an estimated slope of 0.011 per Gy, and Bonferroni-
adjusted 95% CI ranging from less than —0.008 to 0.052 per Gy. Analyses that considered less definitive
criteria to identify cases, as well as non-iatrogenic hyperthyroidism, and analyses which considered
alternative dose estimates or representations of exposure, revealed no statistically significant dose-response
relationships. Accounting for potential confounding or effect modification, and incorporation of uncertainty
in the dose estimates, did not significantly change the primary results.

Multinodular Thyroid Gland

A total of 95 (2.8%) of the 3440 living evaluable participants had a diagnosis of multinodular
thyroid gland based on the HTDS evaluation; 73 (4.2 %) women and 22 (1.3 %) men. An additional
nineteen (0.6%) living evaluable participants had a diagnosis of multinodular thyroid gland based on
medical records, and one diagnosis was based solely on a report from the participant or his/her CATI
respondent.

Using the primary definition (95 total cases; 85 in-area), and maximum likelihood analysis of the
sex-stratified linear probability model, the cumulative incidence of multinodular thyroid gland did not
increase significantly with estimated dose (p = 0.88), with an estimated slope of —0.006 per Gy. The lower
limit of the Bonferroni-adjusted 95% confidence interval was not estimated, but the upper limit was 0.014
per Gy. Analyses that considered less definitive criteria to identify cases and alternative dose estimates or
representations of exposure revealed no statistically significant dose-response relationships. Accounting for
potential confounding or effect modification, and incorporation of uncertainty in the dose estimates, did not
significantly change the primary results.

Simple Goiter

The diagnosis of simple goiter was uncommon, with only 14 (0.4%) of the 3440 living evaluable
participants having this diagnosis based on HTDS evaluation; 9 (0.5%) women and 5 (0.3%) men. Another
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28 (0.8%) had diagnoses based on medical records, and for an additional 28 (0.8%) the diagnosis was based
solely on a report by the participant or his/her CATI respondent.

Using the primary definition (14 total cases; all in-area), and maximum likelihood analysis of the
sex-stratified linear probability model, the cumulative incidence of simple goiter did not increase
significantly with estimated dose (p = 0.74), with an estimated slope of —0.001 per Gy. The lower limit of
the Bonferroni-adjusted 95% confidence interval was not estimated, but the upper limit was 0.012 per Gy.
Analyses that considered less definitive criteria to identify cases and alternative dose estimates or
representations of exposure revealed no statistically significant dose-response relationships. Incorporation
of uncertainty in the dose estimates did not significantly change the primary results.

Other Thyroid Disease

Four living evaluable participants, all in the in-area group, had diagnoses of other thyroid disease
based on their HTDS examinations or medical records with supporting documentation. These included two
cases of subacute thyroiditis, one case of familial thyroglobulin binding deficiency, and one case of
secondary hypothyroidism. The first alternative definition added only two cases of subacute thyroiditis with
diagnoses based on medical records without supporting documentation. For both the primary and first
alternative definition of other thyroid disease, there were too few cases for meaningful estimation of the
radiation dose-response.

The second alternative definition added 20 participants, primarily with participant or CATI
respondent reports of past thyroid disease of unknown type. This brought the total number of cases to 26,
of whom four were out-of-area participants. Based on maximum likelihood analysis of the sex-stratified
linear probability model using this case definition, the estimated slope was slightly greater than zero (0.002
per Gy), with Bonferroni-adjusted 95% confidence interval ranging from less than —0.002 to 0.024 per Gy,
providing no evidence that the cumulative incidence increased significantly with increasing dose (one-
tailed p = 0.39). Because the number of cases in this category was small, and the diagnoses were
heterogeneous and mostly unknown, further analyses of this outcome were not performed.

Hyperparathyroidism

A total of 12 (0.3%) living evaluable participants had a diagnosis of hyperparathyroidism based on
the HTDS evaluation or on medical records with supporting documentation; 10 (0.6 %) women and 2
(0.1%) men. Another two diagnoses were based on a report from the participant or his’her CATI
respondent. One additional living evaluable participant who did not meet the study’s criteria for
hyperparathyroidism nevertheless had an elevated calcium level in the presence of a high normal PTH
level, when the PTH should have been suppressed, highly suggestive of hyperparathyroidism. This
participant was included as a case in an additional analysis.

Using the primary definition (12 total cases; 11 in-area), the cumulative incidence of
hyperparathyroidism did not increase significantly with estimated dose (p = 0.61), with an estimated slope
0of —0.0001 per Gy. The lower limit of the Bonferroni-adjusted 95% confidence interval was not estimated,
but the upper limit was 0.013 per Gy. Analyses that considered less definitive criteria to identify cases and
alternative dose estimates or representations of exposure revealed no statistically significant dose-response
relationships. Incorporation of uncertainty in the dose estimates did not significantly change the primary
results.

Ultrasound-Detected Abnormalities of the Thyroid (Thyroid UDASs)

The thyroid gland was visible in the ultrasound examinations of 3429 of the 3440 living evaluable
participants. For 11 participants the thyroid was not visible, 10 because of thyroid surgery and one because
the sonographer couldn’t adequately visualize the thyroid. Among the 3429 whose thyroids were visible,
1596 (46.5%) had one or more thyroid UDAs; 964 (55.5 %) women and 632 (37.4 %) men. Ultrasound
findings were categorized as palpable thyroid UDAs (224 or 6.5%), nonpalpable focal thyroid UDAs (1309
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or 38.2%), and diffuse thyroid UDAs (458 or 13.4%). All three types of UDA were more frequent among
women than men. Ultrasound-detected thyroid abnormalities were based only on the HTDS evaluation, not
on any prior ultrasound scans.

Based on maximum likelihood analysis of the sex-stratified linear probability model, the
prevalence of any UDA (1596 total cases; 1481 in-area) did not increase significantly with estimated dose
(p =0.21), with an estimated slope of 0.031 per Gy, and Bonferroni-adjusted 95% CI ranging from —0.059
to 0.116 per Gy. Similarly, the prevalence of palpable UDA (224 total cases; 204 in-area) did not increase
significantly with estimated dose (p = 0.95), with an estimated slope of —0.018 per Gy. The Bonferroni-
adjusted lower 95% confidence limit was not estimated due to the magnitude of the negative slope estimate,
however the upper confidence limit was 0.015 per Gy. The prevalence of nonpalpable focal UDA (1309
total cases; 1217 in-area) also did not increase significantly with estimated dose (p = 0.23), with an
estimated slope of 0.027 per Gy and Bonferroni-adjusted 95% CI ranging from —0.061 to 0.115 per Gy.
Analyses of all three types of ultrasound abnormalities in relation to alternative dose estimates or
representations of exposure revealed no statistically significant dose-response relationships. Accounting for
potential confounding or effect modification, and incorporation of uncertainty in the dose estimates, did not
significantly change the primary results.

Additional analyses were performed to assess whether ultrasound abnormalities might be
precursors to radiation-induced clinical disease. These analyses evaluated whether increasing dose was
associated with increasing prevalence of large thyroid UDAs, increasing number of thyroid UDAs, or the
presence of diffuse thyroid UDAs. To assess whether the dose-response results might be affected by the
size of focal thyroid UDAs, three additional outcomes were analyzed. These included the presence of a
focal UDA with maximum dimension at least 5 mm, the presence of a focal UDA with maximum
dimension at least 10 mm, and the presence of a focal UDA with average dimension at least 15 mm. These
additional analyses applied only to palpable and nonpalpable focal thyroid UDAs, since diffuse UDAs were
not defined by any size criterion. In none of these additional analyses was there any evidence that the risk
of having a focal UDA of a particular size increased with increasing dose (p=0.64, 0.88 and 0.53 for the
presence of focal UDA with maximum dimension of 5 mm, maximum dimension of 10 mm and average
dimension of 15 mm, respectively).

To assess whether the number of thyroid UDAs detected in individual participants might increase
in relation to estimated thyroid radiation dose, the numbers of focal thyroid UDAs with maximum
dimension > 5 mm, maximum dimension > 10 mm, and average dimension > 15 mm were counted for each
living evaluable participant with an HTDS ultrasound examination. No statistically significant dose-
response was found between estimated thyroid radiation dose and the average number of focal thyroid
UDAs (p = 0.80, 0.48 and 0.43 for the number of thyroid UDAs meeting the three size criteria,
respectively).

The prevalence of diffuse thyroid UDA (458 total cases; 428 in-area) did not increase significantly
with estimated dose (p = 0.14), with an estimated slope of 0.029 per Gy, and Bonferroni-adjusted 95% CI
ranging from —0.029 to 0.100 per Gy. Analyses that considered alternative dose estimates or
representations of exposure revealed no statistically significant dose-response relationships. Accounting for
potential confounding or effect modification, and incorporation of uncertainty in the dose estimates, did not
significantly change the primary results.

Laboratory Tests and Thyroid Mass

Of the 3191 living evaluable in-area participants, 3183 (99.7%) provided a blood specimen at the
HTDS clinic. Several laboratory assays were conducted to evaluate thyroid function, anti-thyroid antibody
response, and serum calcium level. In addition to the dose-response analyses conducted of specific thyroid
disease outcomes, which incorporated information from these tests in the determination of the diagnosis,
dose-response analyses were also conducted to investigate whether there were associations between the
laboratory values from these tests and estimated thyroid radiation dose from Hanford (i.e., regardless of
thyroid disease diagnosis).
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Thyroid stimulating hormone (TSH) levels were measured for all participants who provided a
blood specimen. Of the 3183 living evaluable in-area participants who provided blood samples, 222 were
receiving exogenous thyroid hormone at the time of their HTDS clinic and were excluded from the
analyses of TSH. Among the remaining 2961 living evaluable in-area participants, three different TSH
assays were used during the study. There was no statistically significant trend of average TSH level in
relation to estimated radiation dose for any of the three assays considered either separately or in a combined
analysis. Free thyroxine index (FTT) was analyzed, also excluding the 222 participants who were receiving
exogenous thyroid hormone at the time of their HTDS clinic. There was no significant trend of FTI in
relation to estimated radiation dose (two tailed p = 0.23). Three different tests for antithyroid antibody
response (anti-TPO, AMA, and anti-TG) were used over the course of the study. There was no significant
trend of any assay result in relation to estimated radiation dose (p = 0.66 for anti-TPO, 0.52 for AMA, and
0.20 for anti-TG).

Serum calcium levels were measured in an effort to identify participants with hypercalcemia that
might be secondary to hyperparathyroidism. Of the 3183 living evaluable in-area participants who provided
blood samples, 227 with diagnoses of hypothyroidism or hyperthyroidism based on the HTDS examination
were excluded from the primary analysis of serum calcium levels. Two additional participants did not have
serum calcium data due to insufficient volumes of collected blood. There was a statistically significant
trend of decreasing serum calcium level in relation to increasing radiation dose (p = 0.0074), with an
estimated slope of —0.09 per Gy, and Bonferroni-adjusted 95% CI ranging from —0.16 to —0.01 per Gy.
Although there is no readily apparent explanation for this result, this finding deserves further comment.
First, the outcome for which calcium was being measured, hyperparathyroidism, was not found to be
associated with radiation dose. Second, the dose effect occurred within the normal range of calcium values.
For both women and men, the estimated background means were about 9.2 + .01, consistent with the
normal range of the test (8.4 to 10.2). Only 0.9% of the cohort had low calcium levels less than 8.4
(hypocalcemia). There was no statistically significant relationship between hypocalcemia and radiation
dose. Third, even at a dose of 3000 mGy to the thyroid, which is larger than the maximum estimated dose
for any study participant, the mean serum calcium levels predicted by the regression model were well
within the normal range. Therefore, despite the statistically significant decrease in calcium levels with
increasing dose, the resulting effect or clinical impact does not appear to be clinically significant.

Estimates of thyroid mass were available for 3400 living evaluable participants for whom both

lobes of the thyroid were visible on ultrasound; 3153 were in-area participants. There was no statistically
significant trend of thyroid mass in relation to estimated radiation dose (p = 0.98).
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VI.  Summary Comments and Conclusions

The HTDS was conducted to determine whether exposure to atmospheric releases of radioactive
iodine, in particular B from the Hanford Nuclear Site between 1944 and 1957 resulted in increased
thyroid disease among those exposed. The study evaluated twelve categories of thyroid disease,
hyperparathyroidism, ultrasound-detected abnormalities of the thyroid, the results of several laboratory
tests for thyroid function, anti-thyroid antibody and serum calcium level, and thyroid mass. The primary
analysis (based on HTDS diagnostic criteria of the highest level of certainty) utilized an estimate of thyroid
radiation dose for each individual based on information about their residence history and dietary
consumption patterns during the times of the Hanford releases. Additional analyses were conducted using
several alternative methods for estimating dose, both quantitative and qualitative, including methods that
were independent of the HEDR models. The primary analyses were based on a linear dose-response model,
adjusting for the effects of differences in response by sex, although alternative models for the shape of the
dose-response were also investigated. The potential confounding or dose-response modifying effects of a
number of lifestyle factors and indicators of other radiation exposure were evaluated. All primary dose-
response analyses were repeated to include adjustments for uncertainty in the individual radiation dose
estimates.

This study found no statistically significant association between dose to the thyroid from Hanford
radiation and 1) cumulative incidence of any of the disease outcomes; 2) prevalence of ultrasound-detected
thyroid abnormalities; or 3) thyroid laboratory tests or thyroid mass. There was also no statistically
significant dose-response for hyperparathyroidism, although increasing thyroid dose was significantly
associated with a decrease in average serum calcium level. Although the explanation for this result is not
clearly apparent, the finding does not appear to be of clinical significance. These results remained the same
when alternative methods of assessing radiation dose were used, and after accounting for uncertainty in
dose estimation. Based on data available regarding the tracing and enrollment of study participants, there is
no evidence that the absence of a dose-response relationship is due to bias in selection of the cohort, loss to
follow-up, or enrollment and participation.

Although no statistically significant dose-response was found for any of the disease outcomes in
this study, many study participants had thyroid disease. A considerable effort was made to assess the world
literature on the prevalence of the major thyroid and parathyroid disease outcomes evaluated in the HTDS.
Studies selected for review were those conducted in other locations and most comparable to the HTDS for
the outcomes of thyroid nodules, thyroid cancer, hypothyroidism, autoimmune thyroiditis,
hyperparathyroidism, and thyroid UDAs. This was done in order to compare the disease experience of the
HTDS cohort to what might reasonably be expected based on the experience in other populations not
exposed to Hanford radiation. As discussed in the Section X.E of the Report, comparisons of this type are
imperfect and must be interpreted with great caution. Differences in prevalence estimates between the
HTDS cohort and other populations may well reflect differences in any of a number of factors other than
exposure to radiation from Hanford. Nevertheless, from review of these studies, it appears that estimates of
cumulative incidence derived from the HTDS are well within the range and are consistent with published
estimates. There is no indication that the levels of thyroid or parathyroid disease occurrence in the HTDS
cohort are systematically different, or higher, than what has been reported around the world in a variety of
different circumstances.

Given the differences between the radiation exposure circumstances at Hanford and those of other
populations in which radiation-related risks of thyroid disease have been studied, the findings of this study
are not inconsistent with the current published literature regarding the effect of exposure to "' and the risk
of thyroid and parathyroid disease. This is particularly so given the relatively small magnitude of the
estimated thyroid radiation doses in HTDS study participants (mean = 174 mGy) and the relatively
protracted nature of the exposure over time. There is little evidence in the literature to suggest that people
exposed to "*'T at the levels found in this study over a period of months or years would experience higher
rates of thyroid or parathyroid disease as a result of their exposure.

Nevertheless, a lingering question for many may be whether the uncertain nature of the dose
estimation used in the primary analyses is so great that it renders the quantitative dose-response results
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inconclusive. The study has attempted to address this possibility in three ways. First, alternative qualitative
methods of assigning exposure were used. Results from these analyses were consistent with those from the
quantitative dose-response analyses. Second, two different approaches were employed to evaluate the
impact of dose uncertainty on the primary risk estimates. Neither resulted in findings that were significantly
different from those ignoring such uncertainty. Third, the impact of dose uncertainty on study power was
assessed using simulation methods. These analyses revealed that the reduction in statistical power due to
uncertainty in dose estimation was modest, and that even after accounting for such uncertainty the study
had adequate statistical power to detect effects as small or smaller than those in the existing published
literature. Although any epidemiologic study is limited to some extent by uncertainty in the assessment of
exposure, the impact of such uncertainty on the power of the study and the estimation of risk is seldom
addressed to the extent attempted here. Further, the fact that epidemiologic investigations are inherently
“uncertain” does not imply complete randomness or unpredictability, nor does it mean that reasonable
conclusions cannot be drawn from such studies.

In conclusion, the results of the HTDS provide no evidence of a statistically significant association
between increasing thyroid radiation dose from Hanford and the cumulative incidence of any of the primary
outcomes studied. These findings do not definitively rule out the possibility that Hanford radiation
exposures are associated with an increase in one or more of the outcomes under investigation. However, it
does mean that if such associations exist, they were likely too small to detect using the best epidemiologic
methods available.
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I INTRODUCTION

The Hanford Thyroid Disease Study (HTDS) was conducted by a team of investigators at the
Fred Hutchinson Cancer Research Center (FHCRC) under contract to the Centers for Disease Control and
Prevention (CDC) Radiation Studies Branch. The Study Management Team (SMT) which had primary
responsibility for the design and conduct of the investigation, consisted of Scott Davis, Ph.D.
(epidemiology), Kenneth Kopecky, Ph.D. (biostatistics), and Thomas Hamilton, M.D., Ph.D.
(endocrinology). Bruce Amundson, M.D. (family medicine) was a member of the SMT through August
1998. Ms. Peggy Adams Myers served as Project Manager through the release of the Draft Final Report.
Ms. Beth King assumed responsibility for project management thereafter. In addition to the FHCRC team,
the study employed Dr. Robert Griep as an expert consultant on thyroid disease. Dr. Bruce Kulander
served as the pathologist who reviewed all pathological specimens. Four radiologists at Seattle Nuclear
Medicine/Ultrasound Associates interpreted the thyroid ultrasound scans. Administrative, statistical, and
technical staff reported directly to the Project Manager and the SMT. The clinical component of the HTDS
was directed by Dr. Hamilton, with the assistance of the HTDS study physicians in conducting thyroid
examinations. Study operations were based at the FHCRC in Seattle, with a field office in the Tri-Cities
for the Subject Tracing component.

The CDC was kept informed on a monthly basis of progress in the design and conduct of the
study, and provided technical support as needed by the FHCRC. Mr. Michael Sage and Mr. Michael
Donnelly served as the Project Officers. Dr. Paul Garbe was the primary scientific liaison. In addition, an
Advisory Committee was appointed for this study by the Secretary of the Department of Health and
Human Services to provide advice and consultation to the CDC and the SMT.

The technical approach to this research project was divided into three phases. The first phase
involved the development of the study protocol and preparation for the Pilot Study. These preparations
included the appointment and convening of the Advisory Committee and approval of the protocol by the
federal Office of Management and Budget (OMB) and the Institutional Review Board (IRB) of the
FHCRC. This phase began upon award of the contract in September 1989, and was concluded in late
1992. The other two phases of the study, the Pilot Study and the Full Study, are discussed further below.

The study was conducted as a follow-up prevalence study. That is, potential participants were
selected on the basis of presumed past level of exposure to radioactive iodine from Hanford, based on place
and year of birth. Participants were located and evaluated for the presence or history of thyroid disease.
Information was also collected regarding each participant’s residence and dietary history in order to
estimate his or her thyroid radiation dose from Hanford. The primary analyses focused on living
participants who received medical examinations to detect thyroid disease, and for whom individual thyroid
radiation doses could be estimated using the dosimetry system developed by the Hanford Environmental
Dose Reconstruction (HEDR) Project and the information collected by the HTDS. Although the effects of
primary interest are defined by three categories of thyroid disease (hypothyroidism, benign thyroid
nodules, and thyroid cancer), information regarding all forms of thyroid disease were recorded as part of
the study and are included in the overall analysis. In addition, hyperparathyroidism was evaluated by
screening individuals for hypercalcemia. Since the aim of the study was to investigate whether risks of the
thyroid diseases were increased by exposure to Hanford’s *'I, the analysis examined whether the
cumulative incidence of these diseases increased with increasing dose to the thyroid.

The methods of the study can be summarized as follows. Potential study participants were
selected from birth records to form a cohort for follow-upPeople likely to have lived in a seven-county
geographic area surrounding the Hanford Site were selected to ensure as much as possible that the cohort
contained people with a wide range of radiation doses to the thyroid (e.g., from the highest doses to very
low doses). Attempts were made to trace and locate each individual in the cohort. Once located, each
person was invited to a medical clinic for a thorough diagnostic evaluation for thyroid disease. At the
clinic, each study participant: 1) underwent a personal interview regarding details of his/her residential,
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medical, and personal histories; 2) provided a blood sample for thyroid function tests, antibody markers for
autoimmune thyroiditis, and serum calcium determination; 3) received a thyroid ultrasound examination;
and 4) received a physical examination of the thyroid by two physicians independently of one another. For
those found to have palpable thyroid nodules or nonpalpable ultrasound detected thyroid nodules > 1.5 cm
(average of three dimensions), permission was sought to conduct a fine needle aspiration to provide more
complete diagnostic information. To verify reports of thyroid diseases that occurred in the past, medical
records and pathology specimens were sought and reviewed in a uniform manner.

Prior to the participant’s clinic visit, an attempt was made to interview the mother, or other close
relative knowledgeable about aspects of the participant’s childhood that influenced the radiation dose he or
she received from Hanford. The information collected in this interview was used to estimate radiation dose
to the thyroid using algorithms developed by Battelle Pacific Northwest Laboratory as part of the Hanford
Environmental Dose Reconstruction (HEDR) Project. Detailed descriptions of each component of the
study fieldwork are found in section V of this report.

Following the development and approval of the study protocol, the research was conducted in two
subsequent phases. The first was a Pilot Study. The primary purpose of this phase was to evaluate the
feasibility of the methods proposed and to develop the specific operational procedures and data collection
instruments needed for a Full Study. Once the results of the Pilot Study indicated that it was feasible to
conduct a successful full-scale epidemiologic study, the second stage was implemented to complete the
remaining fieldwork for the Full Study. This approach allowed the accumulation of information and
experience prior to initiation of the more costly full-scale study. This also allowed for the possibility that
the design and procedures for the Full Study could be modified if necessary to account for the realities of
the field environment.

Eleven Pilot Study objectives were specified in the original HTDS protocol (1). These objectives
dealt with both logistical and statistical issues. Logistical issues to be evaluated included: 1) the efficacy
and success rates of the fieldwork procedures, including the use of birth certificates to identify potential
study participants; 2) the ability to trace and locate persons identified; 3) the ability to collect information
for use in estimating thyroid radiation dose; 4) the success in bringing participants to clinics for thyroid
examinations and 5) the costs of these activities. Statistical issues to be evaluated included: 1) estimating
the distributions of radiation dose to the thyroid among groups of individuals defined by place of birth; 2)
evaluating the suitability of the areas from which participants were selected to ensure a cohort of
individuals with a full range of doses; and 3) calculation of the statistical power that could be reasonably
achieved in a Full Study and the sample size required to do so. A detailed report of the results of the Pilot
Study was submitted to the CDC on January 24, 1995. A summary of the findings of that report is
included here as Appendix 1 (Executive Summary of the Pilot Study Report).

It should be emphasized that in testing the feasibility of the study design, it was important to
evaluate procedures and instruments for participants who were likely to have received high doses from
Hanford radiation releases, as well as for those who were not likely to have received such doses. There
was concern that the degree to which individuals could be identified, traced, located, and recruited into the
study might be influenced to a large extent by their physical proximity to the Hanford Site and their
perception of any direct threat to their own health from Hanford. Thus, a very important aspect of the Pilot
Study was to evaluate the success of including people who lived in varying proximity to the Hanford Site.

It is also important to emphasize that the Pilot Study was not designed to assess health outcomes
in relation to radiation dose. Instead, the Pilot Study was designed to: 1) test the feasibility of the proposed
field logistics; 2) estimate the radiation doses likely to have been received among study participants and,
therefore, to determine the distribution of doses according to factors such as geographical area (e.g., urban
vs. rural), age, and sex; and 3) derive the information necessary to adequately plan a Full Study that would
be capable of determining whether radiation releases from Hanford resulted in an increased risk of thyroid
disease or hyperparathyroidism. The number of participants included in the Pilot Study was too small and
the individual radiation dose estimates available from the HEDR Project were too preliminary to enable
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any formal evaluation of adverse health effects in the pilot phase of the HTDS. Thus, no estimates of
thyroid disease or hyperparathyroidism risk associated with exposure to radioactive iodine were reported at
the conclusion of the Pilot Study. However, all data obtained from individuals who participated in the
Pilot Study were included in the Full Study.

The Pilot Study was completed in late 1994. To maintain study operations in anticipation of
conducting the Full Study, it was necessary to define a “transition phase” between the Pilot Study and Full
Study. In the fall of 1993 the Federal Advisory Committee and the CDC gave approval to select an
additional sample of 1000 potential participants to serve as a Transition Sample. Based on the information
available at that time from the Pilot Study, it was decided that the Full Study would likely be implemented.
Thus, the Transition Sample was selected to enable field operations to continue while the Pilot Study was
completed and its results evaluated. This approach also shortened the time to complete the Full Study.

A report of the results of the Pilot Study was prepared and submitted to the CDC and the Advisory
Committee in January 1995. Each of the objectives outlined for the Pilot Study in the study protocol was
evaluated. The report’s major conclusions were that:

1. The thyroid dose distributions obtained in the Pilot Study, which were the basis for the sample size
and power calculations, were reasonably representative of what the overall dose distribution would be
at the completion of the Full Study.

2. To achieve sufficient statistical power to detect an increase of 5% in thyroid neoplasia per Gray, it
would be necessary to enroll a minimum of approximately 3200 living evaluable participants.

3. The basic design and data collection methods would remain the same.

4. Estimation of doses study participants would be conducted by HTDS staff by remote access to the
HEDR computer programs at the CDC in Atlanta.

5. All births from the following years to mothers living in the indicated counties should be added to the
cohort:
a) 1942-1944: Remaining Richland, Pasco/Kennewick and Benton County
b) 1940-1941: All of Benton and Franklin Counties
c) 1940-1944: All of Adams County

The primary criterion for continuing with the Full Study was the ability to identify and recruit
adequate numbers of people with a sufficient range of radiation doses. Specifically, the aim was to design
the Full Study to have statistical power of at least 90% to detect a linear dose-response for the probability
of having thyroid neoplasia (malignant or benign) with a slope of 0.0001 per rad (10% per Gy). If the
results of the Pilot Study had indicated that it would not be possible to obtain at least 80% power to detect
an effect of this magnitude, then consideration would have been given to terminating the study. However,
the results of the Pilot Study (2) revealed that, not only did the procedures and plans work well for all
aspects of the study, a conservative projection of statistical power of 80% to detect an increased risk of
thyroid neoplasia of 5.0% per Gray was possible with some revisions to geographic areas and years of birth
sampled. Section V.A. of this report discusses in detail the sampling utilized in the Full Study to achieve
this level of power.

Thus, in February 1995, the Advisory Committee recommended to the CDC that the Full Study be
done. The data collection phase of the Full Study was completed in late 1997, and was followed by a
period of data analysis and the reporting of results. The purpose of this report is to document in detail the
conduct of each phase of the HTDS, and the results of the analyses that were done.
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II. BACKGROUND

A. Historical Perspective

The Hanford Nuclear Site occupies an area of approximately 560 square miles in southeastern
Washington adjacent to the towns of Pasco, Kennewick, and Richland (Figure II.A-1). The facility was
established in 1943 as part of the Manhattan Project to produce plutonium-239 for the development of the
first nuclear weapons. The initial Hanford production reactor (B) became operational in September of
1944, and was followed by a second (D) in December. Two chemical separations plants, which constituted
the second phase of plutonium production, began to operate in 1944 and 1945. By 1957 there were six
additional production reactors and two fuel reprocessing plants on the Site.

Figure II.LA-1 HEDR Study Area
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The creation of the Hanford Nuclear Site caused the regional population in the Columbia Basin to
expand rapidly. Although the original construction force was large (approximately 50,000 persons), most
had left the area by the end of 1945. However, major Hanford expansions in the late 1940s resulted in
substantial population growth in the Tri-Cities area of Richland, Pasco, and Kennewick. Between 1945
and 1960, the population increased from approximately 40,000 to over 100,000 (3). In addition, Army
anti-aircraft units numbering about 5000 troops per year served at Hanford beginning in 1950. Army
personnel and construction workers and their families lived in a trailer-barracks enclave about five miles
north of Richland. The counties surrounding the Hanford site, traditionally ranching and agricultural areas,
continued to be populated by small, family farms. With the establishment of the Columbia Basin Irrigation
Project and subsequent agricultural development, large numbers of new families moved into the region in
the late 1950s.

In February 1986, largely as the result of repeated public requests from the Hanford Education
Action League (Spokane, Washington) and the Environmental Policy Institute (Washington, D.C.), as well
as requests from the Centers for Disease Control and Prevention and the State of Washington, the
Department of Energy made available over 19,000 pages of documents (many of which were previously
classified) describing radiation releases and environmental monitoring during the early years of plutonium
production at Hanford. Based on information found in these documents and a subsequent Freedom of
Information Act (FOIA) request, an additional 20,000 pages were made public in April 1987.
Approximately 25,000 more pages have been released since late 1987.

Data contained in this material indicate that during the initial years of plutonium production at
Hanford substantial quantities of radionuclides were released into the atmosphere, particularly during the
first few years of production. In attempting to produce plutonium rapidly in 1944 and 1945, irradiated
uranium was allowed to decay approximately 45 days before being treated for reprocessing. As a result,
the subsequent chemical treatment of the irradiated uranium produced large atmospheric releases of
gaseous radionuclides. A primary component of these releases was a radioactive isotope of iodine, iodine-
131 (P'D.

Although it was uncertain exactly how much material was released from the Hanford site, it was
apparent that hundreds of thousands of Curies (Ci) of "*'I were released into the atmosphere around
Hanford between 1944 and 1956. Table I1.A-1 displays two sets of estimates of annual emissions of "*'I
from the fuels separation processing activities between 1944 and 1957. The largest releases occurred from
1944 through 1947, and in 1949 and 1951. Radiation monitoring data recently made available indicate that
these atmospheric releases of '*'I were carried by prevailing winds and deposited in areas surrounding the
Site. During the period of largest releases, Hanford scientists gradually discovered that "*'I deposited
readily on sagebrush and sand (4). When the soil was disturbed by wind, construction, or agriculture, this
material was subsequently re-circulated and re-deposited. Thus, attempts were made to establish tolerable
limits for *'I on vegetation (5) and to monitor "*'I levels in range animals (cattle and sheep) and
jackrabbits (6). Results of such studies indicate that animals were heavily exposed in areas downwind of
the Site (7), and that vegetation contamination levels on-site, particularly in the 200-area, were seldom
below what were considered to be tolerable at that time (.20 nCi/kg) (8). In fact, an experiment conducted
in December of 1949 deliberately released a cloud of '*'I into the atmosphere which drifted southeastward
and northeastward from the Site causing vegetation readings as high as 107.3 nCi/kg in Kennewick (9).
Releases from this so-called "Green Run" have been estimated to have been as high as 7780 Ci (10) or
even 11,000 Ci (10635).

Based on the data that initially became available, preliminary estimates were made of maximum
doses to the thyroid that could have been received by persons living in close proximity to the Hanford Site
during the years of atmospheric releases (11,12). Using environmental monitoring data for "*'I
concentrations in vegetation, a variety of assumptions regarding agricultural production and dietary
practices, and a U.S. Nuclear Regulatory Commission model to estimate thyroid doses, maximum doses
were estimated (12) for residents of Richland and Pasco for four age groups: infants (0-1 yr), children (2-
12 yr), teenagers (13-19 yr), and adults (20 and older). During the year of peak releases (1945), it is
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estimated that the maximum annual thyroid dose to an infant may have been as high as approximately 2000
rad (11). Through 1947, maximum annual infant thyroid doses may have remained quite high (above 100
rad) with even higher periodic doses corresponding to larger atmospheric releases in the late 1940s and
early 1950s. Similar estimates for infants have been proposed (11,13), with maximum annual thyroid
doses decreasing to about one half these levels for children, about one quarter for teenagers, and about one-
fifth for adults (9).

Table II.A-1.  Estimates of Atmospheric Emissions of Radioactive Iodine from the Separations
Plants Stacks

P11 Ci (annual)
Anderson and

Year Roberts Estimates*  Conklin Estimates**
1944 1700 54,000
1945 340,000 340,000
1946 76,000 76,000
1947 24,000 24,000
1948 1200 1200
1949 4670 7026 +
1950 2150 2734
1951 18,700 18,798
1952 967 996
1953 720 726
1954 540 544
1955 1200 1167
1956 370 NE++
1957 380 NE++
1944-1957 472,597 527,191

* Anderson JD. Emitted and Decayed Values of Radionuclides in Gaseous Wastes Discharged to the Atmosphere. ARH-3026,
Atlantic Richfield Hanford Company, Richland Washington, 3/1/74.

* Roberts RE. History of Airborne Contamination and Control-200 Areas. HW-55569 RD, Hanford Atomic Products Operations,
Richland Washington, 4/1/58, pg. 6.

** Conklin AW. Releases of Radioactivity from Hanford, 1944-1956. Memorandum dated July 1, 1987. Department of Social and
Health Services, Office of Radiation Protection, Olympia, Washington, 1989.

+ Includes releases from the “Green Run”. Recent estimates indicate these releases may have been higher (7789 Ci) than those shown

®).
++ NE — Not Estimated.

The disclosure of information in 1986 prompted widespread concern among people living near the
Hanford Nuclear Site. Residents questioned whether such releases in the past may have increased their
risk for developing disease, particularly cancer. Partially in response to their concerns, a panel of experts
(the Hanford Health Effects Review Panel) was convened by the Centers for Disease Control in August
1986 to evaluate the data contained in the first 19,000 pages of documents. The Panel concluded that
substantial quantities of radionuclides, particularly '*'I, had been released between 1944 and 1956 and that
off-site radiation exposures, particularly to the thyroid, were probably high enough to warrant further study
of health effects. Since *'I concentrates in the thyroid, it was felt reasonable to expect that potential
adverse health effects associated with the Hanford radiation releases would most likely be diseases of the
thyroid. Thus, the Panel recommended: 1) a study of "*'I releases to estimate radiation doses that could
have been received by area residents, and 2) a study of thyroid morbidity among persons known or
suspected to have been exposed.

A second group was also formed during this time period (March 1986), the Hanford Historical
Documents Review (HHDR) Committee, which consisted of representatives from the states of Oregon and
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Washington as well as several Native American tribes. A Peer Review Panel of experts was appointed as
an advisory group to the committee. The HHDR focused their activities on further review of the
declassified documents, and worked to consider specific approaches to implementing the two principal
recommendations of the Hanford Health Effects Review Panel.

As a result of these collective efforts, a comprehensive study of potential radiation doses began in
1987, initially funded by the United States Department of Energy. The objective of the Hanford
Environmental Dose Reconstruction (HEDR) Project was to develop estimates of radiation doses that
people may have received from Hanford operations. A primary focus of this effort was to estimate doses to
the thyroid resulting from *'I exposures. Preliminary evidence from the HEDR Project indicated that the
contributions to thyroid dose from the shorter-lived isotopes of iodine (**’I, '**I, *°I) were probably
negligible.

Directed by an independent Technical Steering Panel (TSP) of eighteen scientists and community
representatives, Battelle Pacific Northwest Laboratories in Richland performed the technical work for
HEDR. While originally performed under contract to the Department of Energy, in 1993 funding
responsibility was transferred to the Centers for Disease Control and Prevention.

In July 1990, the TSP made public draft reports of Phase 1 of the HEDR Project. The objective of
that phase was to establish, in terms of data availability and modeling capability, the feasibility of
developing a system for estimating individual radiation doses and the uncertainties of those dose estimates.
For radionuclides released to the atmosphere, this was accomplished by developing preliminary estimates
of doses to the thyroid from *'I (14). Although external exposure (immersion and groundshine),
inhalation, and vegetable consumption pathways were considered, the primary emphasis was on the cow's
milk pathway for "*'I, since this was anticipated to be the dominant source of exposure for many people.
The Phase 1 region consisted of ten counties surrounding the Hanford Site. The population of that ten-
county area was approximately 270,000 during the late 1940s. For this entire population, the median dose
to the thyroid from "*'I ingestion of contaminated cow's milk during the period 1944-1947 was estimated to
be 1.7 rad, and the 90th percentile was 15 rad. It was estimated that between 1.5% and 2% of the doses for
this population exceeded 100 rad.

The preliminary results from HEDR Phase 1 also identified subpopulations that received generally
higher exposures. In particular, infants and young children who drank milk from family cows that grazed
on pasture in areas to the east, southeast, and south of Hanford may have received substantially higher
exposures. Among such children, the median and 95th percentile doses were about 70 and 650 rad,
respectively. Similar children living in this area who drank commercially produced milk had a distribution
of doses nearly as high.

These preliminary estimates were refined in the later phases of the HEDR Project. The total
amount of "*'I released into the air from Hanford between 1944 and 1972 was estimated in the HEDR
model to be about 740,000 Ci (2.73 x 107 gigabecquerels), with 99.8% released through 1957 (15). The
HEDR results, released in April 1994, contained thyroid radiation dose estimates for representative
individuals who lived in areas surrounding the Hanford facility during the times of the radiation releases,
and revealed that the deposition of radioactive "*'I was carried further from the Site than estimated in the
Phase I results. Thus, relatively less radioactive '*'I was deposited in areas closest to the Site, while larger
amounts were deposited further away than previously anticipated. This effectively decreased the highest
dose estimates, while increasing the number of people with doses in the mid- and lower ranges. Thus,
while the Phase II estimates indicated lower doses than those estimated in Phase I, the results continued to
provide strong evidence that large numbers of people, particularly children, may have been exposed to
thyroid doses in the range of 3 to 10 rad.

One of the major products of the HEDR Project was a collection of computer programs and

databases that implemented the final HEDR models for calculating doses from radionuclides released into
the environment from Hanford (16). One integrated set of these programs provided estimates of thyroid
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radiation doses from Hanford’s atmospheric releases of '*'I. This included models for the amounts of "*'I

released into the atmosphere, for the transport of that '*'I through the air and its deposition onto vegetation
and the ground, for its uptake into food and milk products and the distribution of those products, and for
the calculation of thyroid dose from exposure to '*'I in environmental media (air, ground, and milk and
other foods). In particular, a computer program called CIDER (“Calculation of Individual Doses from
Environmental Radionuclides) combined data regarding estimated concentrations of "*'I in environmental
media with information regarding characteristics of exposed individuals (e.g., location, diet, milk and food
sources) to calculate individualized estimates of thyroid dose. The HEDR Project used the CIDER model
to estimate thyroid doses for hypothetical representative individuals (17,18). As described elsewhere in
this report, the HTDS also used the CIDER program to calculate dose estimates for the study participants.

The second principal recommendation of the Hanford Health Effects Review Panel, the initiation
of a comprehensive thyroid morbidity study, was enabled by an act of Congress in 1988. Mandated by
Senate Bill 2889, the CDC was directed to conduct a study of thyroid morbidity among persons who lived
near the Hanford Nuclear Site between 1944 and 1957 (Appendix 2). Thyroid diseases were selected as
the primary focus for a health outcome study based on the information described above regarding radiation
releases, which suggested that '*'I was the radionuclide most likely to pose a risk to human health. As
reviewed in more detail in the section below, such exposures would be most likely to result in thyroid
morbidity as opposed to other forms of illness or disability.

On March 27, 1989, the CDC issued a Request For Proposals (RFP) (Number 200-89-0716 P) to
solicit applications from organizations wishing to conduct such an investigation. The proposal submitted
by a team of investigators at the Fred Hutchinson Cancer Research Center and the University of
Washington in Seattle was selected by the CDC, and a contract was awarded to the FHCRC on September
19, 1989.
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B. Ionizing Radiation and Thyroid Disease

Radiation-induced thyroid disease in humans has generally been considered in two broad
categories: thyroid neoplasia (benign and malignant neoplasms) and hypothyroidism. More recently, it has
been suggested that the risk of autoimmune thyroid disease may also be increased by radiation exposure
(13). In addition, acute thyroiditis can occur after high doses of radiation from orally administered "*'I in
the treatment of certain thyroid disorders, such as thyroid cancer and hyperthyroidism (14). The degree to
which the thyroid is ablated by radiation exposure, and the degree to which thyroid neoplasms or
hypothyroidism result, is dependent upon several factors: type of radiation, dose, dose rate, age at
exposure, sex, and current age. The type of radiation causing such disorders may be classified as either
external (primarily gamma or x-radiation) or internal radiation (primarily beta) from radioiodine.

B.1.  Thyroid Neoplasia: Exposure to External Photon Radiation

The evidence linking ionizing radiation with the development of thyroid neoplasms in humans has
arisen largely from two sources: 1) studies of people who were previously exposed to external radiation in
childhood for treatment of benign diseases of the head and neck (15-26); and 2) studies of Japanese
survivors of the bombings of Hiroshima and Nagasaki who were exposed primarily to external radiation
(27-28). The first category of exposures includes children treated with external radiation for acne, tonsilar
hypertrophy, cervical adenitis, fungal infections of the scalp, suspected thymic enlargement (chest), and
pertussis (chest). Although the first article describing the use of external radiation as therapy for such
problems was published in 1907 (29), it was not until the 1950s that increased rates of thyroid neoplasia in
exposed individuals began to be recognized (15-17).

Current evidence suggests that there is a dose level above which radiation-induced carcinogenesis
occurs less frequently than at lower doses (30). Animal data and limited human studies collectively
suggest that at external radiation doses over 20,000 milligray (mGy) or perhaps 15,000 mGy, cell killing
and sterilization reduce the risk of carcinogenesis (17, 18, 25, 26). Thus, estimates of risk for thyroid
neoplasia from external radiation are based on doses to the thyroid of less than 15,000 mGy.

Several cohorts exposed in childhood to external gamma radiation have been followed and
evaluated for the subsequent development of thyroid neoplasia. An overall summary of such studies is
difficult because important factors such as dose, age at exposure, and length of follow-up have differed.
Nevertheless, these studies collectively demonstrate a dose-response relationship between external
radiation dose and the development of benign thyroid adenomas and thyroid cancers (14). There have been
six principal studies involving populations exposed to external radiation (20, 31-35). The range of median
doses evaluated has been between approximately 60 to 8080 mGy to the thyroid. Estimates of absolute
excess risk of thyroid cancer range from 0 to approximately 4 cases per million person-year-rad (PYR),
averaging about 2.5 per million PYR. Among people exposed in childhood to external radiation, the
absolute excess risk for total thyroid nodules has been reported to be 12.3 excess cases per million PYR
(which includes thyroid cancer). A study of Israeli children irradiated for tinea capitis revealed higher
absolute risk estimates (14 per million PYR) resulting from lower thyroid doses (average 90 mGy; range
43-169 mGy) (20).

Ron et al. analyzed the primary data from seven previously published studies of persons exposed
to external radiation (36). These data showed a linear dose-response for individuals developing thyroid
cancer if they were exposed before age 15. This linearity was observed down to a dose of 100 mGy but
leveled at higher doses greater than 10,000 mGy. For persons exposed in childhood the excess relative risk
per Gray (ERR per Gy) was 7.7 (95% confidence interval [CI] 2.1, 28.7) whereas little risk was observed
for individuals exposed after age 20.

Studies of Japanese A-bomb survivors, who were exposed primarily to whole-body external
radiation, show a similar dose-response relationship for thyroid cancer based on T65DR dosimetry (27).
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The latest follow-up of the Japanese cohort confirms a strong dose-response for thyroid cancer. The crude
incidence rates (cases per 10,000 person-years) for three dose groups (<10 millisieverts [mSv], 10-990
mSv, and >1000 mSv) showed a marked increase with increasing dose: 1.08 for the comparison group,
1.49 for the low dose group, and 3.71 for the high dose group (28). In addition, a strong linear dose-
response was shown with an estimated excess RR at 1000 mSv of 1.15 (95% C1 0.48, 2.14). Age at
exposure was a significant modifier of thyroid cancer risk. The excess RR at 1000 mSv was 9.46 (95% CI
4.11, 18.86) for persons exposed under age 10, compared to 3.02 for persons exposed between the ages of
10-19. These results at young ages of exposure contrasted with those for exposure after age 20, for whom
the excess RR was 0.10 (95% CI -0.23, 0.75), consistent with no increased risk of thyroid cancer.

B.2. Thyroid Neoplasia: Exposure to Radioactive lodine
B.2.a. Medical Exposures to Radioiodine

Although animal studies clearly indicate that "*'I can induce thyroid cancer (37-39), much less
information is available in relation to the induction of thyroid neoplasia in humans from doses due to "'
Evidence from human populations arises from two principal sources: persons receiving therapeutic
(moderately high) doses of "*'I for Graves disease or thyrotoxicosis, and persons who received diagnostic
(lower) doses for thyroid nuclear "*'I scans to evaluate suspected thyroid disease. The early studies of
persons receiving therapeutic '*'T for hyperthyroidism have shown no convincing evidence that the risk of
thyroid cancer is increased among persons receiving *'I (40-44). Most of the participants in those studies
were adults at the time of exposure, were followed for very short periods, had existing thyroid disease at
the time of treatment, and were treated with radiation doses that were quite high (generally 20,000 -
100,000 mGy).

A long-term follow-up of one of these studies (40) was recently published (45). This study
compared cancer mortality rates in patients previously treated with '*'I, usually for Graves disease, to
expected mortality rates for the general US population. Although no increase in total cancer mortality was
found for patients treated with '*'I, an increase in the risk of death from thyroid cancer was demonstrated.
The standardized mortality ratio (SMR) for thyroid cancer was 3.94 (95% CI 2.52, 5.86). While this
increased risk was statistically significant, the absolute numbers of excess deaths were small and the
authors suspected that underlying thyroid disease at the time of '*'I treatment might have contributed to
these results.

Similar results were obtained from another recent study which evaluated cancer incidence and
mortality in 7400 patients who were treated with radioiodine from 1950 to 1991 in England (#10138). The
mean age of the cohort was 56 and the mean "*'T administered activity was 308 MBq (8.316 millicuries).
The incidence and mortality rates were compared to registry data for England and Wales. Overall cancer
incidence in the patient cohort was decreased (standardized incidence ratio [SIR] 0.83, 95% CI .77, .90) as
was overall cancer mortality (SMR 0.90, 95% CI .82, .98). In contrast, the incidence and mortality of
thyroid cancer were increased approximately 3-fold (SIR 3.25, 95% CI 1.69, 6.25 and SMR 2.78 95% CI
1.16, 6.67). However, the absolute numbers of thyroid cancer cases and deaths were quite small and the
authors could not distinguish between underlying thyrotoxicosis versus radioiodine as the cause of the
increased thyroid cancer incidence and mortality.

A number of studies have evaluated persons exposed to much lower doses (generally 500-1000
mQGy) through diagnostic procedures (46-50). Hall et al. (49) reported in 1996 a 40-year follow-up
experience of 34,000 patients who had received *'I for diagnostic purposes. The mean dose for this cohort
was 1100 mGy. The SIR for thyroid cancer was 1.35 (95% CI 1.05, 1.71). Excess thyroid cancers were
apparent only among patients who were originally suspected of having a thyroid tumor, whereas no
increased risk was noted for those referred for other reasons (49). In the group referred for suspected
thyroid tumors, the increased risk was not related to thyroid dose, age at exposure, or time since exposure.
The mean age at exposure of this cohort was 43; although 2408 members of the cohort (7%) were less than
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age 20, stratification of risk by very young age was not reported. The authors of this study concluded that
the small increase in thyroid cancer was likely due to the underlying thyroid condition and not radiation
exposure. The data also suggested that protraction of dose (lower dose rate) might result in lower risk than
an acute exposure of x-rays of the same total dose.

In 1989, the Food and Drug Administration’s Center for Devices and Radiological Health
reported the risk of thyroid disease from diagnostic '*'I in a cohort comprised exclusively of children and
adolescents (50). Of 3483 children in the exposed group, 48% were less than 10 years and 24% were less
than 5 years at time of entry into the cohort. The average length of follow-up was 27 years; the mean and
median thyroid radiation dose were both less than 500 mGy. The exposed group and two separate control
groups were sent questionnaires inquiring about subsequent thyroid surgery. Of 34 patients with thyroid
surgery, 20 were included in the analysis. Among these 20, the proportions with malignant tumors or with
benign thyroid conditions were higher in the exposed group than in either control group, however none of
these differences was statistically significant (50).

B.2.b. Environmental Exposures to Radioiodine

Until 1990, the principal sources of information regarding the risk of radiation-induced thyroid
disease from environmental exposures were limited to studies of Utah schoolchildren and Marshall
Islanders exposed to fallout from atmospheric nuclear testing. Since then, a dramatic increase in childhood
thyroid cancer has been documented from radiation exposure from the Chernobyl accident in 1986, and
additional follow-up data have been published for the Utah cohort exposed to fallout from the Nevada Test
Site. In contrast to the medical exposures described above, which were due exclusively to "*'I, most of
these environmental exposures contained a mixture of "*'I, external radiation, and short-lived radioiodines.
The following section is a brief summary of studies that have investigated the risk of thyroid neoplasia
from environmental exposures to radioiodine.

B.2.b.1. Utah

Over 100 atmospheric nuclear tests were conducted at the Nevada Test Site between 1951 and
1958. Initial studies of thyroid disease incidence in Utah schoolchildren appeared to show no difference in
thyroid disease outcomes compared to children from unexposed areas (51, 52). However, a follow-up
study of this cohort, published by Kerber, et al. in 1993, reported an excess risk of thyroid neoplasms that
was associated with exposure to radioiodine from the Nevada Test Site (53).

In that study, a relative risk of 3.4 (95% CI 0.5, 26.9) for the period prevalence of thyroid
neoplasms (benign and malignant) during 1965-1986 was observed participants with estimated thyroid
doses >400 mGy. A statistically significant excess relative risk of 0.7% per mGy (with 95% lower
confidence bound 0.074%) was observed for total neoplasms (benign and malignant). Although positive
dose-response trends were noted for total nodules and thyroid cancer (when analyzed separately), these
were not statistically significant. Among 3545 study participants for whom thyroid doses could be
estimated, the mean dose was 98 mGy, although for those who were children in the most heavily
contaminated study county (Washington County, Utah), the mean dose was about 170 mGy. Although the
dose was reported to be primarily from "*'I, the contribution of external radiation or short-lived
radioiodines is uncertain. The authors report that the study conclusions were limited by small numbers of
exposed individuals and a low incidence of thyroid neoplasms.

B.2.b.2. Marshall Islands
Of the 66 atomic tests conducted in the Marshall Islands between 1946 and 1958, the BRAVO
thermonuclear test on March 1, 1954 produced the largest single radiation exposure to the Marshallese

people. Extensive evaluation of this population by Brookhaven National Laboratory has shown an increase
in benign and malignant thyroid nodules in residents of the northern atolls of Rongelap and Utirik (54,55).
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Thyroid doses have been estimated to be primarily from a mixture of the short-lived radioiodines ("*’I, '*’I,

31) and to a lesser extent, "*'T and external gamma radiation (56,57). For thyroid nodules, the absolute
excess risk coefficient for Marshallese people from Rongelap and Utrik was reported to be 830 cases per
Gy per million persons per year, or 8.3 cases per million PYR (57).

A more recent update by the Brookhaven group showed little change in prevalence of thyroid
nodularity among Rongelap and Utrik residents (58). These authors also reviewed prior estimated thyroid
doses in the exposed persons. For the Rongelap group, the estimated mean dose was 25,630 mGy for those
with benign nodules and 16,300 mGy for those with malignant disease. For the less exposed Utrik group,
the estimated mean dose was 3710 mGy for benign nodularity and 2780 mGy for malignant disease.

Although the Brookhaven studies have maintained that fallout exposure from the BRAVO test
affected only the atolls Rongelap and Utrik, additional dosimetry studies have suggested a much wider area
of fallout exposure (59-62). In addition, a retrospective cohort study of over 7000 Marshall Islanders
showed that the prevalence of palpable thyroid nodularity (> 1.0 cm) decreased linearly with increased
distance from the Bikini test site (63). These results were highly statistically significant and strongly
suggested that fallout radiation affected a much wider region of northern and central atolls, including those
with populations used by Brookhaven as controls. A new absolute risk coefficient of 1100 excess cases of
thyroid nodules per Gy per million persons per year (11 cases per million PYR) was calculated using a
revised estimate of the prevalence for unexposed Marshall Islanders (63). These authors also concurred
with others that the exposure to the BRAVO test fallout (reported to be primarily short-lived radioiodines)
appeared to be nearly as effective as external radiation in producing both benign and malignant thyroid
neoplasms (54, 57, 63).

The authors of a recent report (60) attempted to independently assess the prevalence of thyroid
nodularity in the Marshall Islanders, and to compare their results to the 1987 study described above. They
reported a much higher prevalence of thyroid nodules in the population and a relationship between thyroid
nodules prevalence and distance to Bikini atoll which was only of borderline statistical significance.
However, the apparently increased prevalence can be explained in part by the inclusion of ultrasound
abnormalities along with palpable nodules in their criteria for thyroid nodules. Also, since they screened
very small numbers of persons from each atoll in the Marshall Islands, their study had little statistical
power to detect a relationship between thyroid nodule prevalence and distance from the Bikini test site.
Therefore their results cannot be viewed as inconsistent with the earlier reports.

B.2.b.3 Chernobyl

Beginning in 1992, articles began to appear reporting increased rates of thyroid cancer in children
who were exposed to radiation from the Chernobyl accident in April of 1986 (64, 65). Marked increases in
childhood thyroid cancer have since been reported for areas surrounding the Chernobyl reactor especially
in Belarus and Ukraine (66-68). Pacini et al. evaluated thyroid cancer cases reported from registries in
Belarus since 1986 and compared them with presumably unexposed cases reported from registries in
France and Italy (66). Of 472 cases of thyroid cancer from six regions in Belarus, 52% were from Gomel,
the most heavily contaminated region of Belarus; the numbers of cancer cases throughout Belarus roughly
correlated to the degree of radioactive contamination. In addition, the Belarussian cases, when compared to
the French and Italian cases, were younger and more likely to have cancers that were aggressive at initial
presentation and papillary in histology. Correlations of population rates with population measures of
radiation dose (e.g. collective dose) have been reported in Ukraine and Russia as well (11465). Increased
rates of thyroid cancer among those who were young at exposure have also been reported in Ukraine (69)
and Russia (11466).

Despite considerable efforts to assess the occurrence of thyroid cancer after the Chernobyl
accident, and to determine to what extent changes in occurrence since the accident are due to radiation
exposure, there is very little published information assessing a dose-response relationship between
Chernobyl radiation exposure and thyroid cancer based on individual estimates of radiation dose to the
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thyroid. A recent report by Astakhova et al. (11464) is probably the best attempt to date, but individual
doses to children were nevertheless inferred from village Cs-137 measurements. Based on 107 cases under
age 15 at the time of the accident, a strong relationship was found between estimated thyroid dose and the
risk of thyroid cancer.

The radiation exposure received by people living near Chernobyl was in large part due to "*'I,
although external radiation as well as short-lived radioiodines also contributed to the dose. Several dose
reconstruction efforts have published representative thyroid dose estimates that span a wide range.
Stepanenko et al. reported thyroid doses for the heavily contaminated regions of Bryansk Oblast ranging
from 1600 to 2800 mGy for infants less than 1 year, and 1000 to 1800 mGy for children age 3-6 years (70).
Gavrilin et al. reported estimated average thyroid doses for 14 exposed territories in Gomel and Mogilev
which ranged from 220 mGy to 4700 mGy for children up to 7 years and 150 mGy to 3100 mGy in
children up to 18 years (71). Likhtarev and colleagues reported estimated thyroid dose distributions in
persons from five oblasts in Ukraine which showed that almost 90% of the doses in children up to age 7
were between 5 and 1000 mGy (72).

Thus, although there is now compelling evidence that the radiation exposures from Chernobyl
have increased the risk of thyroid cancer in children in contaminated areas, and it is possible to estimate the
range of thyroid doses received by populations in those areas, at present there is little quantitative
information based on individual dose estimates regarding the risk of radiation-induced thyroid cancer after
the Chernobyl accident. Furthermore, few studies have adequately addressed the potential for other factors
such as iodine deficiency to modify the risk of radiation-induced thyroid cancer from Chernobyl.

B.2.c. Relative Biological Effectiveness of *'I in the Induction of Thyroid Cancer

The lack of clear human evidence regarding *'I induced thyroid neoplasia makes it particularly
difficult to estimate the relative biological effectiveness of *'I compared to external radiation in the
induction of thyroid cancer. The National Council on Radiation Protection (NCRP) has reviewed data
from many animal studies which have suggested that "*'I is from 1/2 to less than 1/20th as effective as
external radiation in inducing thyroid cancer (30). One study showed that "*'I was equally effective to
external radiation in causing thyroid cancer in Long Island rats although the effect was dependent on the
presence of increased TSH stimulation (39). Based on human experience, the relative biological
effectiveness was thought to be between zero and one-half. In reviewing the results of both animal and
human studies, the NCRP suggested in its 1985 report that *' is one-third as effective as external radiation
in producing thyroid cancer in the general population (30). It should be noted that this was intended by
NCRP as a conservative value for radiation protection standards as opposed to risk estimation. The BEIR
V report suggested that the radiation dose from internally deposited '*'I may be two-thirds as effective as
external photon irradiation (73). A new NCRP report on this issue is expected but is not published at the
time of this writing.

Several factors may be important in explaining a differential effect of *'I as a carcinogen relative
to external radiation. These factors include dose rate and the relative heterogeneity of the distribution
within the thyroid gland of the dose from "*'I, compared to the more homogeneous dose from external
radiation. Although information is limited, several studies suggest that protraction of the exposure with
reduction of the dose rate may decrease the risk of developing thyroid cancer. As noted above, Hall et al.
(49) suggested that the lack of radiation effect they observed in persons receiving diagnostic doses of "*'I
may be related to the lower dose rate of "*'I, since the dose from a single administration of "*'I is delivered
over a 6 week period. They speculated that this may be sufficient time for DNA repair to occur. Ron et al.
also examined the effect of external radiation dose fractionation on the risk of developing thyroid neoplasia
(10137). They pooled the results of three studies that included fractionated exposures and found a 30%
reduction in excess relative risk (ERR) per Gy for persons whose total dose was accumulated over 2 or
more exposures.
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One additional study has specifically examined the effect of dose rate in children who were given
external radiation for skin hemangiomas. A total of 396 children were examined at a mean of 22 years
after receiving radiation in infancy (mean total dose 86 mGy) for either a short duration (seconds to a few
minutes) or longer duration (30 minutes to several hours). The risk of developing a thyroid nodule
increased with total dose and appeared to be linked to doses that were delivered in short duration.
Although no correlation with dose was found for children exposed for only long duration, the correlation
with dose for short duration approached, but did not achieve, statistical significance (ERR per Gy=10,
p<0.2) (74). These authors suggested that dose rate may play a role in the risk of developing thyroid
neoplasia from external radiation exposure.

B.3. Hypothyroidism

External ionizing radiation to the thyroid has been documented to induce hypothyroidism,
although generally at high doses. Maxon reviewed a number of studies which found no clinical
hypothyroidism in people who were followed up to 24 years after exposure to doses up to 10,000 mGy to
the head and neck (10062). This review also included data on people receiving high doses of external
radiation who developed hypothyroidism. These were typically case reports or series of patients receiving
radiation therapy for malignancies such as lymphoma. Although the data are limited, the authors
concluded that the induction of hypothyroidism from external radiation was likely only at doses above
10,000 mGy.

More information is available regarding the risk of hypothyroidism following radioiodine
exposure. Maxon reported the risk of hypothyroidism in 6000 patients given a single dose of '*'I for the
treatment of hyperthyroidism (10062). A strong linear dose-response between thyroid dose and the
probability of hypothyroidism at five years after treatment was observed. The dose range was 25,000 mGy
(minimum dose) to 200,000 mGy. The probability of hypothyroidism was 50% at five years for persons
treated with 200,000 mGy of "*'I. These data suggested that at the minimum treatment dose of 25,000
mQGy, the probability of hypothyroidism was approximately 15% at five years. It should be noted that the
risk of hypothyroidism from *'I in patients with Graves disease may not be generalizable to the general
population.

Hypothyroidism was among the disease outcomes investigated in the Utah Study (10418). The
period prevalence of hypothyroidism during 1965 through 1986 tended to decrease with increasing
estimated dose. The relative risk for those with estimated doses > 400 mGy was 0.3 (95% confidence
interval 0.0, 2.2), thus providing no evidence that exposure to fallout from the Nevada Test Site was
associated with in increased risk of hypothyroidism.

B.4  Autoimmune Thyroiditis

Two recent studies have suggested that exposure to ionizing radiation may be associated with an
increased risk of autoimmune thyroiditis. In a follow up of the Nagasaki Adult Health Study cohort of
Japanese A-bomb survivors, the dose-response relationship between the prevalence of autoimmune
hypothyroidism and radiation exposure was evaluated. Autoimmune hypothyroidism was defined as any
TSH elevation with positive thyroid autoantibodies. Either a positive anti-microsomal antibody or positive
anti-thyroglobulin antibody was considered a positive result. A dose-response was reported for
antithyroid antibody positivity in persons with spontaneous hypothyroidism (13). This result suggested
that exposure to external radiation might be a risk factor for developing autoimmune thyroiditis with
hypothyroidism. However, the published report provided very limited information, showing only a linear-
quadratic dose-response that was described as significant at the 5% critical level.

A similar result was observed in children exposed to Chernobyl fallout radiation (66). Of 171
Belarussian children, 46% had positive anti-TPO levels compared to 23% of 103 children from Italy.
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Higher levels of anti-thyroglobulin were also seen in the Belarussian children compared to the Italian
children. The authors postulated that thyroid autoimmune reactions may be related to radiation exposure.

Although additional data are needed to confirm an association of autoimmune thyroiditis with
radiation exposure, one can speculate about potential mechanisms. One question would be whether
radiation might be triggering an autoimmune response having the same natural history as spontaneous
autoimmune thyroiditis with the propensity toward developing hypothyroidism. Alternatively, radiation
might be causing a secondary, nonspecific autoimmune reaction resulting from damage to thyroid tissue.
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C. Ionizing Radiation and Parathyroid Disease

Although the primary purpose of the HTDS was to determine whether thyroid disease is increased
among persons exposed to radioactive iodine released from Hanford, a secondary objective was to
determine whether persons exposed to radioactive iodine from Hanford are at an increased risk of
developing hyperparathyroidism. Because the parathyroid glands are located close to the thyroid, it is
possible that they may receive a radiation dose from beta-emitting "*'I taken up by adjacent thyroid cells.
In considering potential health effects associated with thyroid radiation exposure, it may therefore be
important to include effects on the parathyroid glands.

C.1.  Hyperparathyroidism: Exposure to External Photon Radiation

There is considerable evidence to support the association between hyperparathyroidism and prior
head and neck exposure to external beam photon radiation. Since the first case report of
hyperparathyroidism in an individual exposed to head and neck radiation by Rosen, et al. in 1975 (75),
there has been increasing evidence to indicate that ionizing radiation is a risk factor for the development of
hyperparathyroidism.

In addition to several retrospective studies, Tisell et al. (76) reported that 14% of 444 persons who
were previously treated with x-rays for tuberculous neck adenitis subsequently developed
hyperparathyroidism (HPT) at least 24 years after treatment. A statistically significant dose response was
found for developing HPT (dose range 0.6-45.7 Gy). For persons with doses greater than 14 Gy, 29%
developed HPT with a relative risk in women twice that of men.

Cohen et al. (77) have extended their investigation of hyperparathyroidism in individuals exposed
to head and neck radiation in childhood. In such persons, who had received a mean dose of approximately
8000 mQGy to the tonsilar region before the age of 16, the incidence of clinical hyperparathyroidism was
18.7 per 100,000 person-years below the age of 40 and 171 per 100,000 person-years in the age range of
40 to 60 years. This represented a 2.9-fold and a 2.5-fold increase, respectively, in the incidence of
hyperparathyroidism compared with that in the general population. Of interest, the above authors also
found that in those persons developing hyperparathyroidism, 31% also developed thyroid cancer,
compared to only 11.2% of individuals who had received prior radiation therapy but did not develop
parathyroid tumors. The mean latency was 34.7 years with a maximum latency of 46 years. In addition,
90% of the cases of hyperparathyroidism were secondary to single parathyroid adenomas. In the latter
study the authors recommended screening calcium measurements in the routine evaluation of persons with
a prior history of childhood radiation treatments to the head and neck.

In an extension of the above study which compared prevalence rates with general population
rates, Schneider et al. have more recently examined the dose-response relationship for their cohort. They
report an excess relative risk of hyperparathyroidism of 0.11 per centigray in a dose range up to 100 cGy
(1000 mGy) (78). The authors used dose estimates established for the thyroid; these were used as
estimates of the average dose to the parathyroids.

A study of hyperparathyroidism among atomic bomb survivors in Japan corroborates the above
results (79). The prevalence of hyperparathyroidism was found to be increased in individuals exposed to
500-1000 mGy when compared to unexposed control persons. A dose-response with a linear trend was
observed as well as an age effect, with younger persons having higher risk.
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C.2.  Hyperparathyroidism: Exposure to Radioactive lodine

Although the relationship between external beam radiation and the risk of hyperparathyroidism is
reasonably well established, there is little evidence to support the existence of a relationship between
radioactive iodine exposure and risk of parathyroid tumors. Animal studies have indicated that parathyroid
hyperplasia or adenomas develop more frequently in rats given "*'I than in control animals. In addition,
such studies have also suggested an age effect in rats. A higher frequency of parathyroid tumors has been
observed if "*'I was given in the first two days of life compared to'*'I given at 2-4 months of age (80,81).

In a retrospective report, Bondeson et al. (82) reported 600 consecutive cases of primary
hyperparathyroidism of whom 10 had documented histories of prior "*'I treatment. Such treatment had
been given for either Graves Disease or for ablation of thyroid remnants. Age at the time of "*'I therapy
ranged from 21 to 72 years with the interval to detection of hypercalcemia ranging between 3 and 27 years.
These authors also indicate that parathyroid adenomas developed at the sites of thyroid remnants in cases
with "*'T ablation after thyroid tumor operations.

While the mechanism of parathyroid tumor induction in individuals exposed to external beam
radiation is almost certainly due to direct photon beam exposure, the mechanism of postulated parathyroid
tumor induction from radioactive iodine is less certain. The parathyroid glands are not known to take up
iodine. However it is plausible that parathyroid cells can be exposed to beta radiation from "*'I taken up in
thyroid cells adjacent to the parathyroid glands. This mechanism of exposure is consistent with the results
summarized above since the parathyroid glands in rats are imbedded within the thyroid tissue whereas in
humans they exist as separate organs. Although the number of cases is quite small in the study by
Bondeson et al. (82), the development of parathyroid adenomas near the site of thyroid remnants treated
with "*'T supports this hypothesis.

Estimated doses to the parathyroid glands can be calculated if the thyroid dose from radioactive
iodine is known. For example, a 5.0 mCi administration of "*'I would be expected to give a thyroid dose of
approximately 45,000 mGy and a parathyroid dose of approximately 16,500 mGy (83). Therefore, the
parathyroid dose from "*'I is approximately 30% of the thyroid dose for a given amount of "*'L.

Thus, while it seems clear that external radiation is a risk factor for the development of
parathyroid tumors and subsequent hyperparathyroidism, the association of parathyroid disease with
radioactive iodine exposure is less certain. Nevertheless, the available data are suggestive and warrant
further investigation.
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D. Ultrasound-Detected Abnormalities of the Thyroid (Thyroid UDAs)

Since the mid-1980s, high-frequency ultrasound has increasingly been used in the evaluation of
thyroid nodules. Although the traditional definition of a thyroid “nodule” is based on clinical palpation, the
greater sensitivity of ultrasonography has led to its greater use, since it can detect nonpalpable, millimeter
size abnormalities. Several important issues, however, have arisen with the use of this technology: 1)
thyroid UDAs have been shown to occur frequently in the general population without good understanding
of their risk of malignancy or biologic significance; 2) thyroid UDAs have often been classified as
“nodules” regardless of size; 3) the use of ultrasound in defining criteria for thyroid nodules has made it
difficult to compare clinical thyroid outcomes among epidemiological studies using different criteria for
thyroid nodularity and; 4) although ultrasound has exceptional sensitivity, recent data regarding specificity
(the ability to distinguish benign from malignant nodules) suggest that the increased specificity of
ultrasonography is associated with a significant decrease in sensitivity.

As described further below, a few published studies have examined the possibility of association
between radiation exposure and thyroid UDAs. However, to interpret those studies properly, careful
attention must be paid to the issues mentioned above. The following section summarizes the published
literature regarding the prevalence, clinical significance, and possible radiogenesis of thyroid UDAs.

D.1  Prevalence of Thyroid UDAs

A number of studies have shown a high prevalence of thyroid UDAs in the general population.
Tan et al. recently reviewed the literature and reported a range of prevalence of 17-67% (10269). In 1000
persons referred for evaluation of hypercalcemia (of whom 8% had a nodular goiter), 46% had discrete
thyroid lesions on ultrasound and 38% were reported to have thyroid nodules (10446). While these patients
are unlikely to be representative of the general population, they were not referred for suspicion of thyroid
disease. The highest prevalence of thyroid UDAs was reported in a prospective study of 100 female
employees responding to a notice on a bulletin board: 67% of these women, mean age 43, had abnormal
thyroid ultrasound scans (10114). The results of this study are limited by small numbers. Thyroid UDAs
in populations without apparent thyroid disease have also been documented outside the US with prevalence
figures ranging 17-27% (10777, 10229, 10444). Most of these studies have been consistent in showing
that nonpalpable thyroid UDAs are generally small and that solitary nodules on clinical examination are
often associated with multiple other thyroid UDAs. Both Tan (10831) and Brander (10777) have
demonstrated that 48% of patients with known palpable thyroid nodules greater than 1 cm harbored
additional thyroid nodules found on ultrasound.

Brander and colleagues have published two important studies. In the first study, 253 persons
randomly selected from a Finnish city council registry were screened for thyroid UDAs (10683). The
sample was distributed evenly among four age brackets from 20 through 50. The community was not
thought to have endemic goiter. Thyroid UDAs were detected in 69 persons (27%). These abnormalities
were solitary in 57%, multiple in 22%, and diffuse in 22%. The mean age for persons with normal
ultrasound scans was 35, the mean age for the group with abnormal ultrasound findings was 37. The
frequency of these abnormalities was higher in women than men and increased with age for both sexes.
For women, the prevalence of thyroid UDAs was 30% in the 20-29 age group, 32% in the 30-39 age group,
and 41% in the 40-50 age group. All participants underwent thyroid palpation prior to ultrasound
examination. Palpable abnormalities were detected in 13 persons (5.1%): three with a solitary nodule, five
with multiple nodules, and five with abnormal consistency. Fine needle aspirations were done in 30
individuals. All were negative for malignancy with one intermediate probability of neoplasm; that person
underwent surgery and had a follicular adenoma. The authors commented that thyroid UDAs were
common in an unselected population, and that the likelihood of malignancy was low. They recommended a
conservative approach to these lesions.
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In the second study (10209), Brander and colleagues performed follow-up ultrasound scans in
persons who initially had thyroid UDAs in the previous study. Of the 69 persons with initial thyroid UDAs,
57 (83%) were located and re-evaluated 5 years later. Of these 57 persons, 28 had thyroid UDAs that were
defined as macrofollicles (lesions less than or equal to Smm). After 5 years, 14 macrofollicles were
unchanged, 5 increased in size, 5 decreased in size, and 4 had no follow-up.

The remaining 29 persons had a total of 34 nodules which had been detected during the initial
ultrasound screening. Of these, 12 had grown over 5 years, 8 had either disappeared or diminished in size,
and in seven persons a new lesion developed. Of the 12 that had grown, biopsy was performed in 10 with 9
benign results and 1 which was a benign adenomatous nodule after surgical excision. Of the 7 new lesions,
biopsy was performed in 5 and all were benign. At the end of the 5-year follow-up, there were no
individuals with thyroid cancer who previously had thyroid UDAs at the initial screening. The authors
acknowledged the small size of their study but concluded that in contrast to persons with nodules selected
for surgery, “most lesions randomly detected at ultrasound of the thyroid are benign.”

Bruneton evaluated 1000 healthy volunteers without history of thyroid disease and performed high
frequency thyroid ultrasound examinations (10517). Although selection criteria or mean age were not
provided, 57% of participants were over 50 years. Ultrasonography was performed with 13 MHz
transducers and all ultrasound nodules greater or equal to 3 mm were counted. One or more nodules were
detected in 34.7% of participants. For persons less than age 50 (n=431), the prevalence was 25%. For
persons greater than age 50 (n=569), prevalence was 42%. For all ages, the prevalence in women was 44%
and the prevalence in men was 17.7%.

A Belgian study assessed thyroid UDAs in 300 patients who were referred for abdominal
ultrasound examinations (10444). Although this study sample is not a random representation of the general
population, there were extensive exclusion criteria for those with symptoms or signs of thyroid disease. The
mean age was 47 (1-88) and 55% of participants were males. Small echoic nodules were found in 19% of
patients. In patients in their 7" decade, the prevalence increased to over 40%.

These ultrasound prevalence studies can be compared to the autopsy study by Mortensen in 1955
which showed that approximately 50% of 1000 consecutive autopsies had single or multiple thyroid
nodules in glands which appeared “clinically normal” (10046).

D.2.  Specificity of Thyroid Ultrasonography in Predicting Thyroid Cancer

There has been significant controversy regarding whether there are ultrasound characteristics that
can independently predict malignancy in thyroid lesions. Rago and colleagues assessed 104 consecutive
patients by conventional ultrasound and color flow doppler prior to thyroid surgery (10240). The
characteristics of the halo sign, hypoechogenicity, and microcalcifications were assessed by conventional
ultrasound while Type L, II, and III color flow patterns were assessed by color doppler. The combination of
absent halo, the presence of microcalcifications, and a Type III color flow pattern increased specificity for
thyroid cancer to 97%. However, the sensitivity decreased to only 16%. Thus, while ultrasound and color
flow doppler increased the specificity for thyroid cancer it did so at the expense of sensitivity for predicting
thyroid cancer.

Takashima studied the sonographic and pathologic correlation in 69 of 99 surgically removed
nodules (10020). Microcalcification showed the highest specificity of 93% with a positive predictive value
of 70% for thyroid cancer. However, the sensitivity was only 36%. They discussed the distinction between
dense calcifications, which are found in both thyroid cancer and benign lesions, and microcalcifications
which are much more specific for thyroid cancer. However these are not always seen on ultrasound but
may be found on pathology review. The authors conclude that “none of the various sonographic features,
such as multiplicity of nodules, presence or absence of halo or cystic areas, lesion echogenicity, or margin
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characteristics help to reliably distinguish between benign and malignant thyroid nodules.” They state that
“microcalcifications were useful however sonographic microcalcification is not a sensitive nor sufficiently

accurate indicator of malignancy because pathologic microcalcifications are found, at most, in only 60% of
thyroid cancers.”

Tominori evaluated the combination of ultrasonographic and cytologic characteristics in predicting
thyroid cancer and developed an index which prepared patients better for selection for thyroid surgery. He
acknowledged that “clearly sonographic features alone do not reliably separate benign from malignant
thyroid nodules” (10229).

In a similar statement, Sakaguchi reported that studies indicate that several ultrasound
characteristics are “suggestive” of thyroid cancer such as solid and hypoechoic lesions, irregular margin,
and fine microcalcifications (10231). However, the authors stated that, “There is no single sonographic
criterion that distinguishes benign from malignant thyroid nodules.” In a recent commentary, Hegedus and
Karstrup state, “A general finding — has been that there is no US [ultrasound] pattern, alone or in
combination with other techniques, that may be considered specific for thyroid cancer” (10218).

D.3.  Ionizing Radiation and Thyroid UDAs

The increased sensitivity and the development of portable ultrasound equipment have made
ultrasonography particularly attractive in evaluating abnormalities of the thyroid gland in persons exposed
to environmental radiation. In contrast to the increasing volume of literature regarding thyroid UDAs in the
general population, much less is known about whether ionizing radiation causes an increase in thyroid
UDA:ss prior to the development of clinical disease.

Schneider and coworkers evaluated a subgroup of their Michael Reese cohort who had been
exposed to head and neck radiation therapy during childhood for benign conditions. They selected 54
individuals who had previously had normal thyroid exams and normal thyroid nuclear scans in the 1974-76
time period. Of these 54 persons in this follow-up study many years after exposure, 47 (87%) had one or
more discrete thyroid UDAs (10111). In this cohort, external radiation exposure was clearly associated with
increased thyroid UDAs. The authors concluded that: 1) thyroid nodules continued to develop in radiation-
exposed individuals many years after exposure and 2) although thyroid UDAs were quite common in the
general population, they were more prevalent in radiation-exposed populations.

Other studies have also suggested that thyroid UDAs are more common in exposed populations.
Antonelli, et al. compared ultrasound scans of two groups: 50 hospital workers with occupational radiation
exposure (external radiation) in a hospital setting and 100 controls without such exposure (10154). Thyroid
UDAs were detected in 38% of the exposed persons and only 13% of the controls. Similarly, Sugenoya
and colleagues (11126) compared 299 children who were exposed to Chernobyl radiation to 323 children
who were unexposed. Although none of the children in either group had palpable abnormalities, 34 of the
exposed (11.4%) had thyroid UDAs compared to 4 unexposed children (1.2%).

There is very limited information regarding the dose-response relationship between radiation
exposure to the thyroid and thyroid UDAs. While such abnormalities might be expected to correlate with
clinical thyroid disease, the question of whether thyroid UDAs might represent an early marker of radiation
injury prior to the development of clinical disease is unknown. There are currently no studies in the
literature to answer this question.
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III. STUDY OBJECTIVES

The primary objective of the HTDS was to determine whether thyroid morbidity (including, but
not limited to hypothyroidism, benign neoplasia, and malignant neoplasia) is increased among persons
exposed to atmospheric releases of radioactive iodine from the Hanford Nuclear Site between 1944 and
1957. If an effect was detected, the study was designed to further determine in what way the increase in
thyroid morbidity is related to the dose of radiation received (i.e., the characteristics of any dose-response
relationship).

In addition to these primary objectives, the HTDS had three specific secondary objectives: 1) to
determine whether hyperparathyroidism is increased among persons exposed to the Hanford radiation
releases and who received radiation doses to the thyroid and, if so, to determine in what way the increase in
hyperparathyroidism is related to the dose of radiation received; 2) to provide information to residents of
the communities surrounding the Hanford Site regarding the objectives, design, and conduct of the study,
as well as the findings and results of the research; and 3) to assess the appropriateness of the methods
employed and the degree to which such an investigation could be successfully planned and executed, given
the long interval since exposure and the uncertainties regarding radiation dose.
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IV.  STUDY DESIGN

A. Eligibility Criteria
The HTDS was based on a cohort of people defined by the following eligibility criteria:

. Mother’s residence at the time of the participant’s birth: Benton, Franklin, Walla Walla,
Okanogan, Ferry, Stevens, or Adams County in Washington State

«  Year of birth: 1940 — 1946.

The rationale for this choice of counties and years is described in sections IV.A.1 and [V.A.2
below. The mother’s usual residence at the time of the participant’s birth, which can be determined from
birth records, was used as a criterion since it was likely to indicate the participant’s place of residence
during the first years of Hanford’s operations, when the largest releases of "*'I occurred (see section V.A.2
below). The cohort included the majority of the possible combinations of the seven counties and seven
birth years. However, birth year subcohorts for certain counties were not included since they were unlikely
to include many participants with relatively high thyroid radiation doses (see sections V.A.2 and V.A.3
below).

A.1  Mother's Residence at the Time of the Participant's Birth

Geographical proximity to the Hanford Nuclear Site is clearly a determinant of radiation doses
received by area residents. The atmospheric transport and deposition of radioactive materials depend on
the location of the source of the release, the surrounding topography, and meteorological conditions at the
time of the release (i.e., wind speed, wind direction, precipitation and atmospheric stability). The HEDR
Project considered such factors to estimate the atmospheric dispersion of radioactive iodine from Hanford.
Preliminary HEDR results were used to define the geographical boundaries for selection of the HTDS Pilot
Study Sample, and final HEDR estimates used to refine the boundaries for the selection for the Transition

and Full Study Samples. The 75,000 square mile geographical domain within which the final HEDR
model applies is shown in|Figure [I.A-1|above.

The prevailing winds in the vicinity of the Hanford Site blow primarily from the North,
Northwest, and West across the Site to the East and Southeast. Although there were some seasonal
variations according to month of the year, this pattern was generally consistent throughout the year during
the 1940s (92). Wind direction determines the directions in which airborne plumes of radioactive material
most likely traveled, and thus the geographical areas most likely to have received deposits of radionuclides.
For the most part, atmospheric releases traveled to areas East and Southeast of the Hanford Site.

Utilizing meteorological data from the 1980s, information regarding the amount of material
released, and limited off-site monitoring data, the HEDR Project calculated *'I concentrations in
vegetation surrounding the Site. Later calculations conducted by Battelle Pacific Northwest Laboratories
using 1944-1947 meteorological data generally confirmed this geographical pattern of '*'I concentration in
sagebrush. These data suggested that the areas of highest concentration were primarily those closest to the
Site to the East and Southeast (e.g., in Benton, Franklin, and Walla Walla counties). Final estimates from
the HEDR Project revealed a wider dispersion of "*'I, with decreased concentrations in the areas nearest the
site and increased concentrations in areas somewhat more removed especially northeast of Hanford. This
finding prompted the inclusion of Adams County in the Transition and Full Study Samples.

An important pathway of radioactive iodine exposure in humans is the ingestion of milk produced
by animals grazing on radioactive iodine-contaminated vegetation. Therefore, milk distribution routes and
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milksheds are also important in defining a geographic area in which people were exposed to radioactive
iodine. In an effort to describe such components of a milk pathway for radioactive iodine, the HEDR
Project attempted to reconstruct the following types of information for the period of highest releases (94):
1) types, quantities, and sources of feed for dairy cows in the area; and 2) location, relative size, and
distribution routes of all fresh milk processors/distributors in the area.

For purposes of planning the Pilot Study, it was important to know the sources and distribution
patterns of the milk consumed in the areas of interest during the time period under study. The HEDR
Project developed a summary measure for each of the ten counties surrounding the Site, based upon
production and consumption data, to indicate whether the county recorded a milk surplus, a milk deficit, or
was in relative balance regarding milk production and consumption.

Several important findings were reported (94). Overall, the 10-county area surrounding Hanford
was self-sufficient in milk production and, in fact, recorded a surplus of almost 20% in 1945. There is
considerable variability by county, however, which is largely explained by different amounts of irrigated
pasture available for raising dairy herds. For example, Yakima, Kittitas, and Klickitat counties were milk
surplus counties, particularly Yakima and Kittitas. Essentially all of the milk consumed by residents of
these counties was produced locally. Similarly, all of the milk consumed in the Walla Walla area was
locally produced. In contrast, Benton and Franklin counties imported milk. Two of the primary sources of
commercial milk for residents of these counties were the Carnation Dairy in Sunnyside and the Twin City
Creamery in Kennewick. Although the Twin City Creamery itself was located in Benton County, it
received milk from a number of dairies outside the county.

In addition, two special circumstances with regard to milk supply needed to be considered in
selecting potential study participants. First, much of the commercial milk consumed by Richland residents
is thought to have come from the Carnation Plant in Sunnyside. In fact, the Atomic Energy Commission
had a contract with Carnation in Sunnyside to supply the town of Richland with their milk during this time
period (95). Second, a substantial amount of the milk consumed by people living in rural areas (which
constituted much of the area during the 1940s) was supplied by backyard cows. It is estimated that
between 40% and 90% of the milk consumed by rural families came from this source.

Thus, based upon these preliminary findings regarding meteorological conditions, the deposition
and concentration of radioactive iodine in vegetation, and the patterns of milk production and consumption
by county, the area encompassed by Benton, Franklin, and Walla Walla counties was defined in the Pilot
Study as the area within which people with the highest thyroid doses were most likely to be identified.
Adams County replaced Walla Walla County in the Full Study selections, as noted in section V.A.3.b, due
to the findings of the HEDR Project’s final report.

On July 12, 1990, the HEDR Project released its preliminary or ‘Phase I’ estimates of thyroid
doses potentially received by residents in a 10-county area surrounding the Hanford Site (12). These
estimates were based upon computer models that included information regarding the amount of radioactive
material released, the dispersion and deposition of the material, the uptake of the material into the food
chain, the geographical distribution of food products (especially milk and dairy products), and the
consumption of contaminated food products by humans. These preliminary estimates confirmed that
people who lived closest to the Hanford Site, particularly to the East and Southeast, were likely to have
received the highest radiation doses to the thyroid.

To determine whether thyroid disease is increased among people who received a radiation dose to
the thyroid from Hanford radioactive iodine releases, it is necessary to compare rates of thyroid disease
among people with different levels of exposure, including very low exposures or no exposure. The
considerations described above guided the definition of a group likely to have received the highest doses.
However, the selection of groups likely to have little or no exposure, or intermediate levels of exposure, is
equally important in properly evaluating whether the radiation exposure is associated with an increase in
the risk of thyroid disease. The most important considerations in defining these groups are: 1) that the
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groups are comparable to the high-dose group with respect to other factors which could confound any
relationship between radioactive iodine exposure and thyroid disease (e.g., geography, urban/rural
composition, occupational factors, socioeconomic factors, age, ethnicity, sex); and 2) that the same
opportunities and resources exist to identify and trace people in low- and intermediate-dose groups as in
the high-dose group.

With these requirements in mind, three types of comparisons can be considered for use in a cohort
study of this type. First, rates of thyroid disease in a general population (e.g., the entire United States)
could be used to evaluate whether the rates of thyroid disease observed in the cohort receiving a dose are
higher than would be expected based upon general population experience. In the present context, however,
this approach is problematic primarily because, with the exception of thyroid cancer, incidence rates for the
thyroid diseases under study are generally not available for other populations (e.g., the United States or
Europe). Estimates could be obtained from other study cohorts that have been followed subsequent to
exposure to ionizing radiation (e.g., the New York tinea capitis study), but such rates do not reflect general
population experience and the degree to which they can or should be generalized to the eastern Washington
experience is questionable.

A second approach would be to include people who received zero or very low thyroid dose in the
cohort selected from the geographical areas most likely exposed to the Hanford releases as a comparison
group, and to compare disease rates in people with higher dose levels to the rates among those in this
"baseline" category. An "internal" comparison group such as this has a number of advantages. Most
importantly, concerns regarding comparability of other factors that might influence the risk of thyroid
disease are largely resolved. Second, it is more efficient to enroll and study a single cohort, rather than two
geographically separate sub-cohorts (one from areas most likely exposed and one from areas most likely
unexposed). Third, this approach allows for a very flexible analysis based on both a simple dichotomy of
exposure (dose vs. zero or very low dose) as well as a quantitative estimate of dose (i.e., a dose-response).
For this approach to succeed, however, relatively accurate individual doses need to be available, a full
range of doses needs to be represented in the cohort (or at least a sufficient number of people with
relatively high doses), and an adequate number of people with zero dose need to be included.

In this study, particularly for its pilot phase, it could not be assured that the dose distribution in the
sub-cohort selected from Benton, Franklin, and Walla Walla counties would allow for such an approach
(e.g., that there would be an adequate number of people with very low doses, as well as a full range of
higher doses) because the selection of potential study participants could not be based on estimates of an
individual's radiation dose. In fact, it could not even be assured at the time the Pilot Study was initiated
(1992) that an adequate individual-level dose estimation system would be available from the HEDR Project
for this study. Finally, among people born in Benton, Franklin, and Walla Walla counties during 1942-
1946, those who received very low doses could not be presumed to be comparable, with respect to their
natural risk of thyroid disease, to those who received higher doses. Those with little or no dose would
likely have drunk little or no milk, moved to locations more distant from Hanford before accumulating
more dose, and drunk milk imported from a less-exposed area. These characteristics may be related to
health or socioeconomic status, and while none of them is known to influence the risk of thyroid disease,
the possibility that they may could not be ignored.

Consequently, a third approach for identifying comparison participants was to select people who
were not likely to have been exposed to the Hanford radiation releases and who were, therefore, not likely
to have received a radiation dose to the thyroid, on the basis of geographic proximity to the Hanford Site.
The primary purpose of such an approach was to be able to identify potential study participants with a high
degree of certainty that they received a very low or no radiation dose from radioactive iodine from
Hanford. The two principal concerns with this approach, however, were: 1) to establish that such people
were truly unexposed (and, therefore, received very low or zero dose) and 2) to assure that such people are
comparable to those who did receive a dose regarding other characteristics that might influence the risk of
developing thyroid disease.
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Thus, for the Pilot Study, some of the participants were identified from areas that are
geographically removed from the three-county area considered most likely exposed. This design served
two important purposes. First, it enabled the evaluation of radiation doses to the thyroid for a group of
people anticipated to be relatively unexposed to the atmospheric releases of radioactive iodine from the
Hanford Site in a manner identical to that used for people anticipated to be highly exposed. Second, this
approach provided information regarding the success rates of the different data collection aspects of the
project among people born in areas removed from the Hanford Site relative to people born in areas in close
proximity. It was recognized that, to the extent substantial differences in the success of participant
enrollment and data collection efforts were identified, revisions in the overall study design would have
been necessary.

For a separate geographical area to be suitable as a source of study participants, two conditions
must be met: 1) the area must have received little or no exposure to the radioactive iodine from Hanford
either directly through atmospheric transport of the iodine or from importation of agricultural products
(principally milk) from contaminated areas; and 2) the participants from that area must be as comparable as
possible to those from the more exposed area regarding other factors that might influence the risk of
thyroid disease. In practice, it may be difficult to define an area that satisfactorily meets the conditions
specified by both of these criteria. With increasing distance from the Hanford Site (and, therefore, less
likelihood of exposure), there was concern that comparability of other factors would be more difficult to
achieve.

Regarding exposure to the atmospheric releases of '*'I, initial information available from the
HEDR Project about prevailing wind patterns, "*'I deposition, and commercial milk distribution suggested
that counties to the west and northwest of the Hanford Site might be possible sources of study participants
with relatively low doses. Sagebrush concentrations of "*'I in the northwestern-most sections of the 10-
County HEDR Phase I region were two or three orders of magnitude less than those in areas immediately
surrounding the Hanford Site, and these same counties were generally milk surplus areas, meaning that
they received little or no milk from cattle in areas likely to be more heavily contaminated by "*'L.

Nevertheless, a careful review of the preliminary HEDR Phase I thyroid dose estimates released in
July, 1990, indicated that even in these counties some people may have received considerable radiation
doses to the thyroid; for example, infants in the eastern Census Divisions of Kittitas County (KI1, K17,
KI8, KI9, KI10, KI11) (see Figure 2.5 in reference (12)). Furthermore, as continuing efforts were made
by the HEDR Project to improve the quality and completeness of the basic data regarding meteorology and
milk distribution used to calculate radiation doses, it became apparent that appreciable doses possibly
occurred in some of the counties outside the 10-County Phase I region used with
permission, 93).

Thus, based upon the information available at the time about possible thyroid doses, it seemed
most prudent to attempt to locate subjects with little or no dose from areas at least one additional county
"layer" distant from the Phase I boundary, and more directly to the north of the Hanford Site.
Consequently, in the Pilot Study, selection of cohort members was extended to the three counties most
directly north of the Hanford Site (Okanogan, Ferry, and Stevens) which are separated from the Phase I 10-
county HEDR boundary by one "layer" of counties.

The criterion of comparability of factors other than radiation exposure that might cause thyroid
disease was also a concern. Relatively little is well established regarding the causes of thyroid disease.
Factors known to be of most potential concern were: 1) selected demographic factors, most notably age,
sex, and race; 2) socioeconomic status, most importantly as it relates to access to medical and dental care
and resulting exposures to medical and dental sources of ionizing radiation; and 3) dietary iodine intake.

In selecting Okanogan, Ferry, and Stevens counties for inclusion in the Pilot Study, it was
important to assess the degree to which the populations of these counties were similar to those of Benton,
Franklin, and Walla Walla counties in the 1940s regarding at least the factors listed above. Age and sex
distributions for 13 counties in central and eastern Washington and north-central Oregon that might have
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been considered sources of people exposed to little or no radioactive iodine from Hanford showed little
variability among the counties in the ratio of males to females. Okanogan, Ferry, and Stevens counties
were shown to have slightly higher proportions of children under the age of five than do Benton, Franklin,
and Walla Walla, but the difference was relatively small.
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Figure IV.A-1. Legend
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Comparisons of data from the 1940 Census showed that the populations of the counties to be
included in the Pilot Study were overwhelmingly classified as rural and white. The median number of
years of school completed, and the proportion of the population 14 years of age and older employed in five
major occupational groups were also similar. Thus, it was concluded that the composition of the six
counties included in the Pilot Study in terms of age, sex, race, education, percent rural, and major
occupational category were reasonably similar, and not greatly different from other counties in the larger
surrounding region.

It was also important to assess the degree to which iodine availability and/or intake might vary
among study counties. Geographical differences in the distribution of iodine intake could result in
geographic differences in the rates of one or more of the thyroid diseases under study (e.g., endemic goiter
belts). To the extent that such differences might be related to radiation dose from Hanford, they could
potentially confound an association between radiation exposure and thyroid disease.

Preferable to estimates of soil iodine concentrations would be estimates of iodine intake.
Although little work had been conducted in this regard on a geographic basis, in 1970 Oddie et al. (96)
reported estimates of average dietary iodine intake derived from thyroidal radioiodine uptakes in
approximately 30,000 euthyroid subjects in 133 locations throughout the United States. Although average
daily iodine intake varied considerably throughout the United States (from 240 to 740 micrograms per
day), the Pacific Northwest was relatively uniform in the distribution of daily intake estimates. Mean
values were reported for fifteen areas in the Northwest centered by two degrees latitude and longitude
(approximately 140 by 120 miles). All values in the six Pilot Study counties were between 345 and 379
micrograms per day (a very narrow range compared to the overall distribution of values). Thus, within the
confines of most of central and eastern Washington and north central Oregon, there is some evidence to
suggest that iodine intake was adequate and relatively uniform in the past.

The inclusion of Okanogan, Ferry, and Stevens counties in the Pilot Study was intended to
provide a convenient mechanism for identifying an adequate number of potential study participants who
received little or no radiation dose to the thyroid from Hanford. It was not intended to serve as a means of
defining a "comparison area" or "control group." Although potential study participants were selected
based, approximately, on the county in which they were born (see section V.A., below), the fact that a
person was born in one area or another was not relied upon to determine whether he or she was actually
exposed to radioactive iodine from Hanford and, more importantly, actually received a radiation dose to the
thyroid. Exposure, and the estimate of the resulting radiation dose to the thyroid, was determined from a
detailed residential history and exposure information collected whenever possible from the mother or other
close relative of each study participant (discussed more fully in section V.D. below). For example, a
person born in Benton County between 1942 and 1944 may have moved to a residence away from Hanford
before any exposure could occur. Similarly, a person born in Stevens county may have lived or visited for
a prolonged time (e.g., a summer) within the "exposed area" and received a substantial thyroid dose.

Nevertheless, it was assumed that most of the study participants with the highest thyroid doses
would come from Benton, Franklin, or Walla Walla County, and that most of the participants from
Okanogan, Ferry, or Stevens counties would have very low thyroid doses. The use of separate geographic
areas was simply a device that would allow a degree of control over participant selection to assure adequate
numbers of participants in the Pilot Study who would have thyroid doses at the highest and lowest
extremes of the dose distribution.

Based on the results from the HTDS Pilot Study, it was determined that the inclusion of
geographically removed populations in the selections for the Transition and Full Study samples was
unnecessary. In fact, maximizing the number of participants with the highest doses proved to be of much
greater concern. Thus, no additional selections were made from Stevens, Ferry, and Okanogan counties
following the Pilot Study selection. In addition, due to the HEDR Project’s findings that people in Adams
County could be expected to have received higher doses than those in Walla Walla County, the HTDS
cohort was completed by selecting people from the Richland, Pasco/Kennewick, Benton County, Franklin
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County, and Adams County geostrata.

If it was learned during any part of the study that a potential participant was adopted, the potential
participant was considered eligible if verification could be obtained that the birth mother's place of
residence at the time of the potential participant's birth was within one of the seven counties included in the
study.

A.2.  Year of Birth

The radioactivity of '*'I decays exponentially with a half-life of 8.4 days. This implies that nearly
all of the thyroid dose produced by "*'I released into the environment will be accumulated within a few
months after its release. Therefore the time period of most interest for identifying potential participants
who could have received the highest thyroid doses is that which corresponds to the largest atmospheric
releases of radioactive iodine from the Hanford facility. As shown in the large majority of
the releases occurred from the last two weeks of 1944 through 1946. Beginning in 1947, monthly releases
were considerably lower, averaging between 100 and 2000 Ci (11). The exceptions to this pattern were the
substantial release associated with the "Green Run" in December 1949 and the releases during 1951. Thus,
the time during which area residents would likely have received the highest exposure to radioactive iodine
would have been the years 1944-1946.



Figure IV.A-2. Monthly "*'I Releases from the Hanford Nuclear Site, 1944-1951
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Existing literature suggests that age at exposure is an important factor in radiation-induced thyroid
disease. In particular, risks among those who are very young at exposure may be higher than for those who
are adults at exposure for one or both of the following reasons: 1) higher radiation doses to the thyroid
result per unit exposure; or 2) there is an increased sensitivity in the young (i.e., an increased risk per unit
dose in the young). It is known that iodine is metabolized differently in children than in adults. The
concentration of radioactive iodine in the smaller thyroids of children (the infant thyroid is only about 1/10
the size of an adult thyroid) is greater per unit exposure (30). Book (97) has shown that the thyroid dose to
infants resulting from the inhalation of a fixed concentration of radioactive iodine in air is twice that of
adults. The dose in near-term infants is ten times that of adults. By the ingestion pathway, six-month-olds
could receive thirty times the dose of an adult, largely as the result of smaller thyroids and a higher intake
of milk (30).

A number of epidemiological studies have given rise to more indirect evidence regarding the issue
of increased sensitivity in the young. Dobyns et al. (40) reported an increased risk of thyroid adenoma
among the youngest quartile of a cohort treated with "*'I for Graves disease, although risks by specific
years of age were not investigated. The incidence of thyroid cancer among atomic bomb survivors in
Japan exposed primarily to external gamma radiation has been shown to be higher among those exposed at
young ages. A strong dose-response was seen in this cohort, with a three-fold increase in the excess
relative risk of children exposed less than 10 years of age compared to those exposed at ages 10-19.
Marshall Islanders exposed to nuclear fallout (external gamma and radioactive iodine) had increased rates
of thyroid neoplasia at earlier ages of exposure. Compared to people exposed at age 18 and over, those
exposed under age 18 had 2.5 times the risk of developing benign nodules and those exposed in utero had a
five-fold risk of developing a benign thyroid nodule (55). Results from a study of people treated with
radiation for tinea capitis in Israel (external gamma exposure) indicate that children exposed under the age
of five had 3.1 times the number of excess thyroid cancers at age 40 than those children exposed over age
five (51). Although accurate dosimetry has hampered risk assessment of thyroid cancer from the
Chernobyl exposure, it is well documented that a dramatic increase in childhood thyroid cancer has
occurred in regions where significant exposure occurred. One recent report showed that since the
Chernobyl accident, the incidence of thyroid cancer in 9-year-olds increased 50-fold in the “high exposure
area” compared to an increase of 6-fold among 17-year-old children (69). Thus, although none of these
results are specific to individual years of age, collectively they indicate a pattern of higher risk for
radiation-induced thyroid disease at younger ages relative to adult ages.

Although there are few human studies of exposure to *'I which can adequately evaluate the effect
of age at exposure, animal studies have suggested greater carcinogenic risk at younger ages. In "*'I uptake
experiments in rats, Sikov (98) demonstrated that fetal thyroids were 20 times more sensitive to functional
damage than adult thyroids. Corresponding estimates for neonates and weanlings were 3 times and 1.5
times the sensitivity of adult thyroids, respectively. Similar results have been observed in guinea pigs (99).
Christov (100) has reported similar findings using external radiation (x-rays) in Wistar rats. Among those
irradiated at ten days of age, 40% developed thyroid adenomas whereas only 15% developed these tumors
when irradiated at 60 days of age. None of the control rats developed tumors.

Although there are no human data to support age at exposure as an important factor in
hyperparathyroidism after "*'I exposure, animal studies do provide some evidence that there is an increased
frequency of parathyroid tumors in rats exposed to "*'I at young ages relative to older ages (80,81).

Based on these data from animal and epidemiological studies, it seems reasonable to expect that
the risk of radiation-induced thyroid disease (and possibly hyperparathyroidism) would be greater among
those exposed at the youngest ages. Therefore, the Pilot Study was limited to people who were children
(ages 0-5) during the periods of greatest atmospheric releases from Hanford (i.e., 1945-1946). Thus,
people born from 1942-1946 were eligible for inclusion in the Pilot Study.
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This approach was also advantageous regarding important aspects of the fieldwork. Since the
primary information to be used in the dosimetry calculations was to be derived from interviews with
mothers (or other close relatives or individuals knowledgeable of the participant's childhood), it was
important to maximize the probability that such information could be successfully collected and that it
would be reasonably accurate. Younger study participants would, in general, have younger parents. Given
an average follow-up of about 40 years, the 0-5 year age range at the time of exposure would reasonably
assure that most parents of study participants would still be living and able to participate in an interview.

Following the Pilot Study, in order to include greater numbers of participants with thyroid doses
in the higher range, it was also necessary to change the years of birth from which potential participants
were selected (see section V.A.3 below). Given that the largest exposures would have occurred in 1945, it
was thought more advantageous to select births from earlier years, 1940 and 1941, than from years later
than those already included in the study. Thus, births from 1940 through 1944 were included in the Full
Study selections. While there was some concern that including earlier births would decrease the numbers
of participants for whom a CATI respondent could be found, this was not felt to outweigh the need to
include as many higher dose participants as possible.

A.3.  Other Possible Criteria

It is well established that thyroid neoplasia occurs more frequently in women (30), and there is
evidence to suggest an increased risk among the Jewish (30,101). However, no attempt to further restrict
eligibility in the Pilot Study based upon sex or ethnicity was made.

Although there are no Reservations in Benton, Franklin, or Walla Walla counties, Native
American populations from the region were to be considered in the Pilot Study in an attempt to better
define the radiation doses these populations may have received. Most Native Americans did not live in the
areas around the Hanford Site where the highest thyroid doses were likely to have occurred. However
dietary and/or lifestyle practices specific to one or more of the Tribes and Nations in the region may have
been important in contributing to a radiation dose to the thyroid from Hanford's "*'I. Thus, as part of the
Pilot Study, it was planned to attempt to determine whether the Native American populations in the region
experienced exposures to radioactive iodine that could have resulted in significant thyroid doses. Section
VIILA. specifies in more detail the conduct of this portion of the study. No attempt was made, however, to
exclude people of Native American heritage from participation in the study.
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B. Definition of Evaluable Participant

An evaluable participant was defined as one who could be located, who agreed to participate in
the study, and for whom sufficient information could be obtained concerning both radiation exposure and
thyroid outcomes. For each located participant, every attempt was made to obtain information from all
possible sources regarding radiation exposure from Hanford. However, all information of possible use to
this study was often not available, especially in view of the length of time that had elapsed since the years
of peak exposure. Therefore, for living participants, sufficient information was defined as the following:
In-Person Interview and physical examination. Although participants were asked to provide a blood
sample and to receive an ultrasound examination (see section V.F, below), those who refused either or both
were not deemed non-evaluable. Each participant's final assessment of thyroid or parathyroid disease
status was based on the best historical and current information available (as described more fully in
sections V.H-V.I).

For deceased subjects, sufficient information was defined as a residence history collected through
a surrogate respondent, medical history from a surrogate, and medical record confirmation of thyroid
disease reported by a surrogate. It was planned that persons who could serve as surrogate respondents for
deceased subjects could include (but were not limited to): a parent, sibling, aunt or uncle of the subject.
During the course of the study, it was determined that the plan for conducting CATIs with surrogates for
the deceased subjects was not feasible. A discussion of the results of field tests of this portion of the study
is contained in section V.D.4 below.
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C. Outcome Criteria

This section describes the diagnostic criteria for the thyroid and parathyroid outcomes that are
used in this study. Each outcome had two components: 1) the criteria established by the HTDS Study
Management Team for the diagnosis of each outcome and 2) an indication of the basis for each diagnosis
which serves as a measure of the quality of that diagnosis. The final diagnosis for each outcome included
both the presence or absence of the diagnosis and if present, information about the basis of the diagnostic
information. For example, information about the basis of the diagnosis included whether the diagnosis was
made from the HTDS clinic evaluation, obtained from prior medical records with supporting
documentation, obtained from prior medical records without supporting documentation, or obtained from a
report by the participant or his or her Computer Assisted Telephone Interview (CATI) respondent, without
documentation from either the HTDS evaluation or any prior medical records. Diagnostic information
obtained from the HTDS evaluation and diagnostic information which was well documented in medical
records and met criteria for HTDS diagnoses was considered to be the most definitive and of the highest
quality. The primary analysis for each disease outcome was therefore restricted to cases defined according
to these two sources. However, additional analyses were performed for each disease outcome using
alternative definitions that were more inclusive and less definitive. These alternative definitions are
provided in sections IX.C through IX.O below. If a participant had multiple sources of diagnostic
information for a particular thyroid disease, with more than one basis for diagnosis, then he or she was
classified according to the basis providing the most definitive diagnosis.

C.1.  Thyroid Cancer

Diagnostic criteria: Thyroid malignancy according to histopathology reports from a surgical
specimen. Original pathology slides were reviewed by the HTDS pathologist, whether the diagnosis
was made by HTDS physicians or whether the participant had already had prior thyroid surgery.

Basis for diagnosis. The following categories indicate the basis for the diagnosis of thyroid cancer:
Diagnosis originating from HTDS evaluation based on subsequent histology

Diagnosis from prior medical record with documentation of histology

Clinical diagnosis from HTDS evaluation (no histology available)

Clinical diagnosis from prior medical record (no histology available)

Participant/respondent report only

kD=

C.2.  Benign Thyroid Nodule

Diagnostic criteria: Any confirmed documentation of benign histology or cytology as interpreted by a
pathologist.

Basis for diagnosis. The following categories indicate the basis for the diagnosis of benign thyroid
nodule:

1. Histologic or cytologic diagnosis based on HTDS clinic evaluation

2. Histologic or cytologic diagnosis based on prior medical record documentation

3. Clinical diagnosis from either HTDS evaluation or medical records (clinical impression without

cytology)
4. Participant/respondent report only
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C.3.  Any Thyroid Nodule

Diagnostic criteria: Any thyroid nodule which has been classified as thyroid cancer, a benign thyroid
nodule, or a nodule which is suspicious for malignancy or neoplasm. The latter category represents
nodules that have cytology suspicious for either malignancy or follicular neoplasm for which no
surgery was performed and therefore no histology was available.

Basis for diagnosis. The following categories indicate the basis for the diagnosis of any thyroid
nodule:

1. Histologic or cytologic diagnosis based on HTDS clinic evaluation

2. Histologic or cytologic diagnosis based on prior medical record documentation

3. Clinical diagnosis from either HTDS evaluation or medical records (clinical impression without

cytology)
4. Participant/respondent report only

C.4.  Hypothyroidism

Diagnostic criteria: Elevation of TSH above the upper limit of normal (5.0 plu/ml) with either low
or normal thyroid hormone levels.

Basis for diagnosis. The following categories indicate the basis for the diagnosis of hypothyroidism:
HTDS laboratory evaluation

Medical records with supporting documentation (elevated TSH)

Medical records without supporting documentation

Inferred from past or current thyroid hormone therapy

Participant/respondent report only

Rl

C.5.  Autoimmune (Hashimoto’s) Thyroiditis

Diagnostic criteria: Positive antithyroid antibody result on either antimicrosomal antibody (AMA) or
anti-thyroperoxidase antibody (anti-TPO). Levels above the normal limits for these antibodies (AMA,
greater or equal to 25 u/ml; anti-TPO, greater or equal to 2.0 Iu/ml) were considered positive.
Participants with positive antibodies but with documentation of Graves disease were not included in
this outcome category. Anti-thyroglobulin antibody was also used as an additional antibody marker
for an alternative diagnosis of autoimmune thyroiditis (positive result: greater or equal to 1.0 Tu/ml).

Basis for diagnosis. The following categories indicate the basis for the diagnosis of autoimmune
thyroiditis:

1. HTDS laboratory evaluation

2. Medical records with supporting documentation (positive anti-thyroid antibodies)

3. Medical records without supporting documentation

4. Participant/respondent report only

HTDS Final Report: June 21, 2002 — Section IV.C page 36



C.6. Graves Disease

Diagnostic criteria: Hyperthyroidism present (see # 8 below) with the following additional criteria:
1. Elevated radioiodine uptake and/or thyroid nuclear scan consistent with Graves disease; and/or
2. Exophthalmos

Basis for diagnosis. The following categories indicate the basis for the diagnosis of Graves disease:
1. HTDS laboratory and nuclear medicine evaluation

2. Medical records with supporting documentation

3. Medical records without supporting documentation

4. Participant/respondent report only

C.7.  Autoimmune Thyroid Disease

Diagnostic criteria: Defined as having the diagnosis of either autoimmune thyroiditis or Graves
disease. See above for diagnostic criteria and basis of diagnostic information for each of these
outcomes.

8. Basis for diagnosis. In general, a diagnosis of autoimmune thyroid disease was simply assigned
on the basis for diagnosis of the autoimmune thyroiditis or Graves disease that the participant had.
In a small number of instances, participants had diagnoses of both autoimmune thyroiditis based
on the HTDS laboratory evaluation or medical records with supporting documentation, and of
Graves disease based on medical records without supporting documentation or on
participant/respondent report only. In all of these instances, the basis for the diagnosis of
autoimmune thyroid disease was taken to be the more definitive, i.e. HTDS laboratory evaluation
or medical records with supporting documentation.

C.8.  Hyperthyroidism

Diagnostic criteria: Suppressed TSH (less than 0.32 plu/ml) in the presence of normal or high
thyroid hormone levels. The following additional information was collected to further assess the
etiology of hyperthyroidism:

1. To evaluate Graves disease or a toxic thyroid nodule as an etiology of a suppressed TSH, repeat
thyroid function tests (TSH, T3 and T4 levels), a thyroid nuclear scan and radioiodine uptake
were requested (see #6 above).

2. History of current medical treatment with thyroid hormone was obtained to assess exogenous
thyroid hormone therapy as a cause of hyperthyroidism. For participants having a suppressed
TSH while taking thyroid hormone medication, their hyperthyroidism was presumed to be caused
by exogenous thyroid hormone.

Basis for diagnosis. The following categories indicate the basis for the diagnosis of hyperthyroidism:
1. HTDS laboratory evaluation

Medical records with supporting documentation

Medical records without supporting documentation

Participant/respondent report only

bl i
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C.9.  Multinodular Thyroid Gland

Diagnostic criteria: A thyroid gland with abnormal firm consistency with two or more discrete
nodules, or multiple firm lobular and/or nodular areas throughout the gland. The definition of
thyromegaly in this study is a two-fold enlargement of the thyroid gland based on physical
examination. Therefore, the above characteristics of a multinodular gland occurring in a gland
enlarged two-fold or more is classified as multinodular goiter whereas these characteristics occurring
in a gland of normal size (less than two-fold enlarged) is classified as multinodular gland. The
definition of thyromegaly as a two-fold increase in thyroid gland size was chosen as a conservative
definition to avoid classifying normal variations as clinical disease. Dominant palpable nodules or
those which were nonpalpaple and greater than 1.5 cm in three dimensions underwent FNA biopsy.
Such nodules would then be classified as either benign or malignant depending on the results of the
biopsy or further thyroid surgery.

Basis for diagnosis. The following categories indicate the basis for the diagnosis of multinodular
gland:

1. HTDS physical examination

2. Medical records with documentation of multinodular gland or goiter

3. Participant/respondent report only

C.10. Simple Goiter

Diagnostic criteria: Diffuse thyromegaly (two-fold enlargement) with normal consistency and
without palpable nodules or lobulations. The definition of thyromegaly as a two-fold increase in
thyroid gland size was chosen as a conservative definition to avoid classifying normal variations as
clinical disease. This classification was intended primarily to reflect physiologic thyroid gland
enlargement.

Basis for diagnosis. The following categories indicate the basis for the diagnosis of simple goiter:

1. HTDS physical examination

2. Medical records with documentation of diffuse goiter without nodularity or abnormalities in
consistency

3. Participant/respondent report only

C.11. Other Thyroid Disease

Diagnostic criteria: This category was designated for any diagnoses of thyroid disease that are not
included in the HTDS diagnostic outcomes above. It was primarily a category for participant reports
of unknown thyroid disease, diagnosed generally many years ago, and treated with unknown therapy
for which no medical records were available.

Basis for diagnosis. The following categories indicate the basis for the diagnosis of other thyroid
disease:

1. HTDS evaluation

2. Participant/respondent report only
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C.12. Ultrasound-Detected Abnormalities of the Thyroid (Thyroid UDAs)

Diagnostic criteria: The following categories of ultrasound abnormalities were defined:
1. Palpable ultrasound-detected thyroid abnormalities

2. Nonpalpable focal ultrasound-detected thyroid abnormalities

3. Diffuse (nonpalpable) ultrasound-detected abnormalities of the thyroid

4. Any ultrasound-detected abnormality of the thyroid (any of the above categories)

Basis for diagnosis. All of these definitions were based on only one source of information: HTDS
ultrasound examination.

C.13. Hyperparathyroidism

Diagnostic criteria: Defined as hypercalcemia (calcium greater than 10.2 mg/dl) with an
elevated PTH level (greater than 65pg/ml).

Basis for diagnosis. The following categories indicate the basis for the diagnosis of
hyperparathyroidism:

1. HTDS laboratory evaluation

Medical records with supporting documentation

Medical records without supporting documentation

Participant/respondent report only

bl i
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V. FIELD PROCEDURES AND METHODS, RESULTS OF DATA
COLLECTION PROCESS

A. Cohort Definition, Subject Identification and Selection
A.l1.  Background
A.l.a. Objectives

The objective of this component of the study was to define and identify a group of people (a
cohort) who were exposed to atmospheric releases of radioactive iodine (**'T) from the Hanford Nuclear
Site between 1944 and 1957. Since the primary objective of the overall study was to determine whether
exposure to such radiation resulted in an increased risk of thyroid disease, it was important to identify a
cohort within which there would be the greatest likelihood of detecting an association between exposure to
'T from Hanford and thyroid disease, if such a relationship exists. This was to be accomplished by
defining a cohort that would contain adequate numbers of people with the highest possible radiation doses
to the thyroid from Hanford, as well as people with very low radiation doses to the thyroid from Hanford.

A.1.b. Definition of the Cohort

In seeking to define a cohort that would contain individuals with a full range of exposures to "*'I
from Hanford, extensive attempts were made to investigate different sources of information that would
enable one to construct a comprehensive list of people who might have been exposed. Ideally, such a list
would consist of all people in a relatively large population surrounding the Hanford site who were resident
during the time period that the largest atmospheric releases occurred, and would contain enough
identifying information to ensure that a sufficient number of people could be located nearly five decades
after exposure. The following sources of information were investigated in the Hanford region: 1) school
enrollment records; 2) school health records; 3) school reunion lists; 4) health department clinic and
immunization records; 5) church membership lists; 6) town lists and voter registration records; 7) Census
Bureau records; 8) Internal Revenue Service records; 9) property tax and public utility records; and 10)
birth records.

Most of these sources of information proved to be inadequate for constructing a sufficiently
comprehensive listing of individuals who might have been exposed to Hanford releases. School health
records, reunion lists, health department records, church lists, town and voter lists, and property and utility
records were all too incomplete. School enrollment records were complete and potentially very useful
where they existed, but unfortunately many school districts in the region had destroyed old records and a
few denied us access. Census Bureau and IRS records would have been ideal sources for enumerating a
population, but access to such information was prohibited by law. Thus, only birth records provided an
acceptable source for identifying a cohort.

Birth records provide a complete listing of all people born in a defined geographic area during
defined time periods. The records were available at no cost to the study and could be easily accessed by
staff. Thus, by abstracting information directly from birth certificates, it was possible to construct a roster
of individuals corresponding to specific geographic areas and time periods most relevant to the Hanford
releases.
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A.2. Plan
A.2.a. Protocol Plan

For the Pilot Study, a birth roster was constructed based on all birth certificates from the counties
of Benton, Franklin, Walla Walla, Okanogan, Ferry, and Stevens for the years 1942-1946. As indicated
above, complete birth records existed for these counties and were available from the State of Washington
Vital Records Division. The following data were abstracted from each birth certificate and entered into a
computerized database to form the roster for selection of potential participants: birth certificate number,
mother’s usual residence, child’s name, sex, and birthdate, father’s name, mother’s name, mother’s mailing
address, and county of birth.

The field “Mother’s Mailing Address” was judged to best indicate the mother’s actual residence
when the subject was born. However, the birth certificates for births in Benton, Franklin, and Walla Walla
counties had been computerized previously for the CDC by the State of Washington, and “Mother’s
Mailing Address” was not included in this database. Thus only “Mother’s Usual Residence” was available
and it was felt this might not reflect the mother’s actual residence when the subject was born. Therefore,
HTDS staff computerized the mailing addresses for those mothers who gave birth in Benton, Franklin, and
Walla Walla Counties but whose usual residences were outside the six study counties in order to include
those whose “Mother’s Mailing Address” lay within the six Pilot Study counties in the roster for subject
selection.

For purposes of geographical stratification, “Mother’s Residence at the Subject’s Birth” was
defined for the counties of Benton, Franklin and Walla Walla as follows:

e  For births with “Mother’s Usual Residence” (birth certificate item 2) in one of the six Pilot Study
counties (Benton, Franklin, Walla Walla, Okanogan, Ferry and Stevens), “Mother’s Residence at
Subject’s Birth” was defined as the “Mother’s Usual Residence”

e  For births with “Mother’s Usual Residence” outside the six study counties, “Mother’s Residence at the
Subject’s Birth” was defined to be the “Mother’s Mailing Address”.

For Okanogan, Ferry and Stevens counties, “Mother’s Residence at the Subject’s Birth” was
defined as the “Mother’s Mailing Address.”

In addition, birth records for Spokane and Yakima counties were reviewed to ascertain births that
occurred in those counties to residents of Benton, Franklin, and Walla Walla counties. “Mother's
Residence at the Subject’s Birth” for these certificates was also assigned to be the “Mother’s Mailing
Address.” People for whom the “Mother’s Residence at the Subject’s Birth” was outside the selected
counties were excluded from the roster.

Eligibility for the study was limited to people whose “Mother’s Residence at the Subject’s Birth”
was in one of the selected counties.

A.2.a.1. Rationale

As noted in section IV-A above, preliminary findings from the HEDR project regarding
meteorological conditions affecting the deposition and concentration of radioactive iodine in vegetation,
and the patterns of milk production and consumption by county, indicated that people with the highest
thyroid doses were most likely to have lived in the area encompassed by Benton, Franklin, and Walla
Walla counties. Thus, in the Pilot Study for the purposes of subject selection only, residence at time of
birth acted as a surrogate for the anticipated radiation dose to the thyroid from Hanford. Individual thyroid
radiation dose could only be estimated from data collected during the study. The selection of cohort
members was also extended to include three counties on the Canadian border north of the Hanford site
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(Okanogan, Ferry and Stevens). These counties were selected because, based upon the information
available at the time regarding possible radiation doses to the thyroid, they could be expected to contribute
some cohort members with very low radiation doses to the thyroid from Hanford. In addition, people
living in these counties would likely be comparable to those who receive higher thyroid doses in terms of
other factors which could potentially influence the risk of thyroid disease (e.g., geography, urban/rural
composition, occupational factors, socioeconomic factors, age, ethnicity, sex). Furthermore, similar
opportunities and resources existed to identify and trace people in this group as in the group that received a
thyroid dose. Thus, a cohort was selected which was expected to contain people whose dose estimates
would range from the highest doses received to the lowest.

Preliminary estimates of the HEDR project suggested that the highest thyroid doses were probably
in people exposed as infants or children during the first years of Hanford operations. This is because
infants and children receive higher thyroid doses per unit exposure due primarily to the small size of their
thyroid glands. In addition, existing literature suggests that the risk of radiation-induced thyroid disease
(and possibly hyperparathyroidism) is greatest among those exposed at youngest ages (see section II.B. for
a more detailed description). For these reasons, the Pilot Study was limited to people born from 1942-46,
since the large majority of releases of radioactive iodine from the Hanford facility occurred in 1944-46
(with the exceptions of the “Green Run” in December 1949 and the releases during 1951). Thus, the cohort
would contain people whose exposures began as early as the prenatal period, and as late as age three. An
additional benefit of choosing this group was that mothers and close relatives of people born during 1942-
46 would more likely be alive and available for interview compared to those of people born earlier.

Selection of potential participants from the Birth Roster was stratified by geographical area, year
of birth, and sex. The purpose of stratification by geographical area and birth year was to assure that
adequate numbers of high dose and low dose participants were identified, and a wide range of doses was
obtained. Stratification by sex also reduced the possibility of confounding by sex that could reduce the
efficiency of the study.

For purposes of stratified selection of subjects from the Birth Roster, geographical areas were
defined to distinguish predominantly rural areas from predominantly urban areas. The reason for such
distinction was that it was reasonable to expect that people from predominantly rural areas may have been
more likely to consume fresh raw milk than their more urbanized counterparts. If true, and if such
consumption patterns were an important determinant of higher dose, it might be important in the Full Study
to concentrate potential participant selection from rural areas. At the time of protocol development, HEDR
Phase I results indicated that the distinction between fresh raw and commercial milk consumption did not
have a substantial effect on the magnitude of estimated thyroid dose (125).

Each person on the Birth Roster was assigned to the area which contained his or her “Mother's
Residence at the Subject’s Birth,” as outlined in section V.A.2.a. Eight geographical areas, called
“geostrata” in this report, were defined:

Richland

Pasco/Kennewick

Walla Walla City

Benton County outside Richland and Kennewick
Franklin County outside Pasco

Walla Walla County outside Walla Walla City
Okanogan County

Ferry and Stevens Counties

XN B LD
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A.2.a.2. Completeness Required for Success

For each of the eight geostrata defined above, a target of ten living evaluable participants was
sought for the Pilot Study for each sex and year of birth. For geostrata 2-6, there were ten strata (five years
of birth x two sexes) for a total target of 100 living evaluable participants in each area. For geostratum 1
(Richland), there were six strata (three years x two sexes, as Richland was not defined as a geostratum
prior to 1944) for a total target of 60 living evaluable participants. A target of five living evaluable
participants was sought in each of the ten year/sex strata for geostrata 7 and 8 (for a total of 100), however
during the Pilot Study sample selection the target of 10 living evaluable participants was actually used, for
a total of 200). Thus, the Pilot Study attempted to enroll no less than 560 participants from geostrata 1-6,
and 200 participants from geostrata 7-8. As a first approximation, twice this number of subjects was to be
selected from the Birth Roster to obtain the overall goal of 760 living evaluable participants. The plan was
that if this goal was not achieved (i.e., less than a 50% success rate in locating and enrolling participants),
additional subjects would be selected in the same manner.

A.2.b. Plans for Assessing the Need for Change in the Full Study

The feasibility of basing the Full Study on a cohort identified solely from birth certificates
depended in part on whether adequate information could be obtained for a sufficiently large proportion of
cohort members, and whether the range of thyroid radiation doses obtained was sufficiently wide.
However, any decision regarding the roster of subjects for the Full Study (e.g., whether to include
additional birth year cohorts or participants identified from other sources, such as school records) would be
based on all pertinent information, and not just the data obtained and used to evaluate the above criteria.

It was anticipated that the birth cohort criteria for defining cohort members in the areas most
heavily exposed would be expanded for the Full Study. Thus, assuming the same methods for identifying
cohort members (i.e., birth certificates), it was expected that additional birth year cohorts might be
included. Such an expansion would likely be achieved by including people born before 1942, as this
would continue to provide the best opportunity to include people who received relatively high doses during
childhood. It would also serve to include a larger range of ages at exposure. However, it might also be
possible to expand the range of birth years slightly forward in time as well.

Decisions about whether and how to expand the cohort were to be based largely upon the sample
size calculations conducted at the conclusion of the Pilot Study and the resources available to the study. If
insufficient numbers of births were available under the current criteria to satisfy the sample size
requirements of the Full Study, then clearly it would almost certainly be necessary to expand the cohort to
include additional births from other years. If, however, it was not necessary to expand the cohort to meet
sample size requirements, such expansion, to the extent that resources allowed, would nevertheless be
proposed to increase the generalizability of the results by including a wider population representation in the
study. Secondarily, such an expansion would serve to increase the power of the study.

At the time the protocol was written, it was unclear whether the geographical boundaries of the
study area would change. It was considered unlikely that the boundaries of the area exposed would be
significantly expanded. More likely, it was thought that it might be possible (and advantageous) to restrict
the definition of “exposed” areas somewhat, based on the distribution of preliminary doses observed in the
Pilot Study.

To determine whether a geographically separate area should be identified, it was planned to
evaluate: 1) the dose distributions for participants born in the northern three counties (Okanogan, Ferry,
and Stevens); and 2) the degree to which all aspects of data collection among people geographically
removed from the Hanford site (and presumed to be less likely to be highly exposed) relative to those in
closer proximity was successfully conducted. As described in section III-J.1 of the protocol, collectively,
these evaluations would allow a better determination of whether the geographically separate areas chosen

HTDS Final Report: June 21, 2002 — Section V.A page 43



for the Pilot Study would be suitable regarding doses (i.e., that most participants in those geostrata would
have relatively low doses) and logistics. It could be, for example, that it would not be necessary to include
all of these counties in the Full Study. In contrast, it was also recognized that the results of the Pilot Study
could indicate that none of the separate counties would be suitable for use in a Full Study. If such a
determination was made based upon dose distributions (and not issues of feasibility of data collection), it
would be necessary to explore and define another geographical region or regions more removed from the
Hanford Site to maintain the capability of being able to conduct analyses that were not solely dependent on
HEDR individual dose estimates. The evaluation of other potential regions would be based primarily on
the following factors: 1) meteorological data, 2) milk distribution patterns, and 3) socioeconomic and
lifestyle factors.

A.3.  Revisions
A.3.a. Rationale for Revisions made in the Transition Sample

Prior to completion of the Pilot Study and before a final determination had been made regarding
the conduct of a Full Study, another selection of cohort members was made from the Birth Roster. This
was done after consultation with the CDC and the HTDS Federal Advisory Committee, in anticipation of
continuing with a Full Study, to maintain continuity in field operations and study personnel. This group,
called the Transition Sample, was selected prior to any analyses of the dose data from the Pilot Study. The
Transition Sample was selected from each birth year and sex stratum in each of the following geostrata:
Richland, Pasco/Kennewick, Walla Walla City, Benton County, and Walla Walla County (further selection
from the Franklin County geostratum was not possible since all subjects in that geostratum had already
been selected for the Pilot Study sample). The Transition Sample was selected from these geostrata because
they were the most likely to have relatively high doses, and it was felt there were already sufficient
numbers of low dose participants.

A.3.b. Rationale for Revisions made in the Full Study

The power calculations described in detail in the Pilot Study Report outline the rationale for the
revisions made in the Full Study selection (see section V.A-5 below for a brief summary of these
calculations). In short, it was determined that the cohort defined for the Pilot Study was likely to be
inadequate in size, and that greater numbers of participants in the higher dose range would be needed to
ensure sufficient statistical power for the primary dose-response analyses. Therefore, in order to include
greater numbers of participants with thyroid doses in the higher range, it was necessary to change the years
of birth from which cohort members were selected. Given that the largest exposures would have occurred
in 1945, it was thought more advantageous to select births from earlier years, 1940 and 1941, than from
years later than those already included in the study. Thus, births from 1940 through 1944 were included in
the Full Study selections. While there was some concern that including earlier births would decrease the
numbers of participants for whom a CATI respondent could be found, this was not felt to outweigh the
need to include as many higher dose participants as possible.

Essentially final results of the HEDR project became available while the HTDS Pilot Study was in
progress. These results suggested that the geographical region defining the HTDS cohort should be revised
to meet the objective of including as many people with the highest thyroid doses as possible. In particular,
the final HEDR results suggested that people born in Adams County might be more likely to have higher
thyroid doses from Hanford than those in the Walla Walla geostrata.

The Full Study cohort was therefore defined initially to include the Pilot Study and Transition
Samples along with (1) all remaining 1942-44 births in the Richland, Pasco/Kennewick, Benton County
and Franklin County geostrata; (2) all 1940-41 births with mother’s residence at subject’s birth in Benton
or Franklin County (which include the Pasco/Kennewick strata); and (3) all 1940-44 births with mother’s
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residence at subject’s birth in Adams County. These birth years and geostrata were selected to ensure the
inclusion of more high dose participants, based on the dose estimates for hypothetical representative
individuals in the HEDR final report of April 21, 1994.

The definition of the cohort was expanded one time, after it was determined that the number of
birth certificates obtained was lower than had been projected. Originally it had been projected that 3427
living evaluable participants would be found in the Full Study cohort. However, after obtaining the birth
certificates, because there were fewer births than anticipated and the Pilot Study showed there would be
fewer living evaluable participants than originally estimated, this projection was reduced to 3006.
Therefore, the cohort was expanded to include all remaining births between 12/31/44 and 6/30/45 in the
Richland, Pasco/Kennewick, Benton, and Adams County geostrata (no births in the Franklin County
geostratum remained unselected). This increased the projected number of living evaluable participants
from 3006 to 3277, thereby maintaining essentially the same levels of power as originally projected.

A.4.  Outcome and Final Results
The final definition of the cohort was as follows:

1. All births from 01/01/40 to 06/30/45 (in the study counties searched for occurrence births) with
mother’s residence at subject’s birth in Benton, Franklin, or Adams counties (including the Richland
and Pasco/Kennewick geostrata).

2. A randomly selected subset of births from 07/01/45 to 12/31/46 in the same counties with mother’s
residence at subject’s birth in Benton or Franklin counties (including the Richland and
Pasco/Kennewick geostrata).

3. A randomly selected subset of births from 01/01/42 to 12/31/46 with mother’s residence at subject’s
birth in Walla Walla County (including the Walla Walla geostratum) or Okanogan, Ferry, or Stevens
counties.

Table V.A-1, below, shows the birth years within each geostratum from which subjects were
selected, by each phase of selection. Three separate selections were conducted to complete the Full Study
Sample, after the Pilot Study and Transition Samples were selected. Table V.A-2 shows the numbers of
participants selected in each of the 100 strata for the Full Study. Note that all people in the 1940-1944
birth cohorts for Benton, Franklin and Adams Counties (including the Richland and Pasco/Kennewick
geostrata) were selected.

Table V.A-1.  Birth Years Included in Each Phase of Participant Selection

Phase of Selection

Geographic Area Pilot Transition Full 1 Full 2 Full 3
Richland 1944-46* 1944-46 1944 1/45-6/45
Pasco/Kennewick 1942-46 1942-46 1942-44 1940-41 1/45-6/45
Walla Walla City 1942-46 1942-46

Benton County 1942-46* 1942-46 1942-44 1940-41 1/45-6/45
Franklin County 1942-46 1940-41 1/45-6/45
Walla Walla County 1942-46 1942-46

Okanogan County 1942-46

Ferry/Stevens Counties 1942-46

Adams County 1940-44 1/45-6/45

* The city of Richland was defined as a geostratum separate from Benton County beginning in 1944.
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Table V.A-2 Distribution of Birth Year, Sex, and Geostratum for the Full Study Cohort

Birth Year
1940 1941 1942 1943 1944 1945 1946
Geostratum F M F M F M F M F M F M F M Total
Richland* Births 92 93 234 230 237 197 1083
Selected 92 93 142 128 43 44 542
% Selected 100 100  60.7 55.7 18.1 22.3 50.0
Pasco/ Births 63 77 84 82 84 83 140 162 216 228 209 209 243 204 2084
Kennewick Selected 63 77 84 82 84 83 140 162 216 228 131 127 41 40 1558
% Selected 100 100 100 100 100 100 100 100 100 100  62.7 60.8 16.9 19.6 74.8
Walla Walla Births 179 205 184 182 260 255 300 336 307 322 2530
(city) Selected 44 41 41 40 40 42 40 42 41 41 412
% Selected 246 200 223 220 15.4 16.5 13.3 12.5 13.4 12.7 16.3
Benton Births 75 47 69 71 52 71 85 86 176 187 60 67 72 75 1193
County* Selected 75 47 69 71 52 71 85 86 176 187 51 57 48 50 1125
% Selected 100 100 100 100 100 100 100 100 100 100 85.0 85.1 66.7 66.7 94.3
Franklin Births 19 19 7 20 22 17 12 13 23 20 11 14 15 22 234
County Selected 19 19 7 20 22 17 12 13 23 20 11 14 15 22 234
% Selected 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Walla Walla Births 47 53 46 66 66 71 71 58 84 80 642
County Selected 47 53 46 44 44 48 48 54 42 40 466
% Selected 100 100 100  66.7 66.7 67.6  67.6 93.1 50.0 50.0 72.6
Okanogan Births 217 236 255 280 222 237 227 253 317 306 2550
County Selected 21 22 21 20 21 22 21 21 21 21 211
% Selected 9.7 9.3 8.2 7.1 9.5 9.3 9.3 8.3 6.6 6.9 8.3
Ferry/ Births 231 233 215 234 178 197 125 117 198 227 1955
Stevens Selected 21 21 22 21 22 22 21 24 22 20 216
Counties % Selected 9.1 9.0 10.2 9.0 12.4 11.2 16.8 20.5 11.1 8.8 11.0
Adams** Births 30 31 37 36 37 44 45 44 48 45 17 21 435
County Selected 30 31 37 36 37 44 45 44 48 45 17 21 435
% Selected 100 100 100 100 100 100 100 100 100 100 100 100 100
Total Births 187 174 197 209 869 942 982 1067 1281 1333 1254 1305 1473 1433 12706
Selected 187 174 197 209 328 352 412 430 682 707 482 488 273 278 5199

* The city of Richland was defined as a geostratum separate from Benton County beginning in 1944.
** 1945 Adams County number of births is for January-June only (all other geostrata include some July-December 1945 births).
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A.5.  Summary of Full Study Power Calculations, as Presented in HTDS Pilot Study
Report

Two primary objectives of the Pilot Study were to assess the suitability of areas chosen for the
selection of study participants, and to utilize Pilot Study dose information and response rates to estimate
sample sizes required to achieve adequate statistical power for a Full Study. As is often the case with
observational studies such as the HTDS, sample size and dose distribution cannot be chosen independently.
In particular, as the sample size increases, the relatively small groups of subjects likely to have the highest
doses are all selected, and further selections must be made from the relatively larger groups of people
likely to have smaller doses. As a result, beyond a certain number, the effect of increasing sample size is to
a certain extent offset by the effect of decreasing mean and variance of the resulting dose distribution.

As described in Appendix H of the HTDS Protocol (1), the primary power calculations focused on
tests of the dose-response for the endpoint of thyroid neoplasia (malignant and benign). Calculations were
also performed for two additional endpoints: thyroid malignancy and ultrasound-detected abnormality of
the thyroid (thyroid UDA). These three outcomes were selected since they provided a range of baseline
outcome percentages: low (malignancy), intermediate (thyroid neoplasia), and high (UDA). Sample sizes
were calculated for the ¢~ test for linear trend in the cumulative incidence of disease with stratification by
sex. In particular the sample size N required for the one-sided test with critical level a to achieve statistical
power 1-f to detect a dose-response coefficient B is given by the formula:
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where
zp= CD_I(p) denotes the 100p-th percentile of the standard normal distribution,
i= 1,2 indexes the =2 sexes,
i, = proportion of the N participants of sex denoted by i,
o = variance of the dose distribution, and
P; = Pi(n) = Aj + Bu is the probability of disease for sex denoted by i and dose equal to the mean dose .

This formula indicates that, as is typically the case, the required sample size is largely determined by the
variance G : in particular the required sample size is roughly inversely proportional to ¢™. The effect of the
mean dose is much more limited. For a given sample size N, the equation above can be solved for the
power 1-B. This approach was used under various assumptions about sample size, and power was
displayed in figures as a function of the dose-response coefficient B. The resulting plot indicates in a
comprehensive way the power of the planned analyses to detect radiation effects of various magnitudes.

The approach taken in the analysis of the Pilot Study results was to project the mean and variance
of doses that might be obtained under various plans for selecting subjects to complete the sample for a Full
Study. Consideration focused on three such plans:

Plan 1:
Remaining sampling would be restricted to birth records from 1942-44 for the Richland,
Pasco/Kennewick, Benton County, and Franklin County regions. All remaining subjects from these
strata would be included in the Full Study.

Plan 2:
In addition to Plan 1, the definition of eligibility would be expanded to include births during
1940-41 to mothers whose residence at time of birth was in Benton and Franklin Counties, and all such
births would be included in the Full Study. Note that these two counties include Pasco and Kennewick,
which do not need to be distinguished as a separate geographical region.
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Plan 3:
In addition to Plan 2, the definition of eligibility would be expanded to include births during
1940-44 to mothers with residence at the time of birth in Adams County, and all such births would be
included in the Full Study.

Note that Plan 1 required only projections based on dose data available from the Pilot Study,
while Plans 2 and 3 required projections of dose distributions for years and/or regions not included in the
Pilot Study. The methods for calculating projected means and variances for both types of projections were
described in Appendix B of the Pilot Study Final Report.

The projected sample sizes, means and variances for these three plans, based on all dose data
available from either the Pilot Study sample or the combined Pilot Study and transition sample, are shown
in Table V.A-3.

Table V.A-3. Sample Size (N) and Projected Dose Mean and Variance (rad) of Full Study Dose
Distribution for the Three Additional Sampling Plans

Pilot Only (n=869) Pilot and Transition (n=1139)

Plan N Mean Variance Mean Variance
1 2619 13.7 361.1 14.5 372.9
2 3081 13.5 353.6 14.4 367.3
3 3427 14.6 393.8 15.4 404.3

The HTDS was based on a cohort of people defined by the following eligibility criteria:

e  Mother’s residence at the time of the participant’s birth: Benton, Franklin, Walla Walla, Okanogan,
Ferry, Stevens, or Adams County in Washington State

e  Year of birth: 1940 — 1946.

The rationale for this choice of counties and years is described in sections IV.A.1 and IV.A.2 below.
The mother’s usual residence at the time of the participant’s birth, which can be determined from birth
records, was used as a criterion since it was likely to indicate the participant’s place of residence during the
first years of Hanford’s operations, when the largest releases of '*'T occurred (see section V.A.2 below).
The cohort included the majority of the possible combinations of the seven counties and seven birth years.
However birth year subcohorts for certain counties were not included since they were unlikely to include
many participants with relatively high thyroid radiation doses (see sections V.A.2 and V.A.3 below).

Power functions of tests for dose-response based on the projections derived from the Pilot Study
only are shown in Figures V.A-1 through V.A-3 for the endpoints of thyroid neoplasia (benign and
malignant combined), thyroid cancer, and thyroid UDAs. In each figure, the lowest curve is based on Plan
1, and the highest on Plan 3.
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Figure V.A-1.
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Figure V.A-3. Projected Power Function: Ultrasound Detected Abnormalities of the Thyroid
Plans 1,2 and 3

0.8
P
006 - Plan 3 \ '\
w Plan 1
e 0.4 -
r Plan 2
0.2
0 T T T T T T T 1
0 2 4 6 8 10 12 14 16

Excess Risk (%) per Gy

For the analysis of thyroid neoplasia (defined in the Protocol and Pilot Study as “all thyroid
nodules)," the baseline percentages of patients with disease were taken as 5% for women and 2% for men
(see Appendix H of the HTDS protocol for the derivation of these percentages). Based on data from the
869 Pilot Study participants, Plan 1 was projected to provide power of 0.83 to detect a dose-response
coefficient of 5% per Gy. Under Plans 2 and 3 this increased to 0.87 and 0.92, respectively (Figure V.A-
1). Thus with Plan 3 there would be adequate power to detect about a doubling (tripling) of risk among
women (men) at 1 Gy (1000 mGy). This magnitude of effect is similar to that projected from the relative
risk model of BEIR V as described in Appendix H of the HTDS protocol. It is also comparable to that
recently reported for the Utah Study. Kerber et al. (53) reported a significant radiation dose-response for
thyroid neoplasia during 1965-86 (p=0.019), with an estimated relative risk of 8.0 at 1 Gy (95% lower
confidence bound 1.7).

The baseline percentages of participants with thyroid malignancy were taken to be 0.7% for
women and 0.3% for men (see Appendix H of the protocol). Plans 1, 2, and 3 were projected to provide
power of 0.80, 0.90, and 0.94, respectively, to detect a dose-response of 2.5% per Gy (Figure V.A-2).

For an analysis of thyroid UDAs, the baseline percentage of participants with such findings was
taken as 40% for both sexes, based on information available from reports of thyroid ultrasound screening
in unselected populations and the experience in the Pilot Study. Plans 1, 2, and 3 were projected to provide
power of 0.90, 0.94, and 0.97 to detect a dose-response of 15% per Gy (Figure V.A-3).

A number of assumptions were made in the projections of statistical power described above. To
assess the sensitivity of the projections to these assumptions, i.e., to assess whether deviations from any of
these assumptions might lead to significant changes in the projected levels of power, additional power
calculations were performed with these assumptions modified. The following assumptions were examined
in these sensitivity calculations: 1) baseline rates of disease, 2) projected sample size, 3) doses from
expanded In-Person Interviews, 4) doses for participants born during 1940-41, and 5) Adams County
doses. In addition, the combined effects of deviations in more than one of these assumptions were
investigated. The detailed results of these sensitivity calculations were provided in the Pilot Study Final
Report (pages 55-74). Based on the results, the following conclusions were reached:
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1. Cohorts identified from birth records were likely to provide a sufficiently wide distribution of
doses for successful completion of a Full Study.

2. The cohorts defined for the Pilot Study were likely to be inadequate for completing a Full Study,
and they should be augmented by the additions of 1940-41 Benton and Franklin Counties and
1940-44 Adams County births.

As described above, the modification proposed in the second conclusion was adopted. However,
following the collection of the birth certificate data for the additional birth years and Adams County, and
the analysis of more complete data regarding participation rates, it was apparent that further expansion of
the cohort was needed. This was accomplished by extending the range of birth dates for Benton, Franklin,
and Adams Counties to June 30, 1945.
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B. Tracing Potential Participants
B.1.  Background

The HTDS was conducted as a follow-up cohort study. Members of the study cohort were
identified based on location of birth in the early to mid-1940’s from birth certificates. Consequently,
extensive effort would be required to locate cohort members, who were young children at the time of
exposure, as adults nearly fifty years later. In addition, to identify all past and present thyroid disease in
cohort members, participation in the study could not be limited to telephone contact, but would require in-
person attendance for medical evaluation regardless of the participant’s current area of residence.

B.1.a. Objectives of Tracing

The primary objective of the tracing was to identify a current address and telephone number for all
living potential participants, so they could be recruited to participate in the study. A second objective was
to obtain confirmation of death, as well as date and cause of death for all those deceased.

B.1.b. History of Tracing Efforts Around Hanford

Prior to the HTDS, a separately funded study had been conducted by investigators at the FHCRC
to determine if former residents of the Hanford area could be traced to their current residences for the
purposes of an epidemiologic study of radiation releases from the Hanford site. The primary objectives of
this preliminary study were: 1) to design and test field procedures for identifying a group of potentially
exposed persons; 2) to attempt to trace each person forward in time to the present or until death; 3) to
obtain a current address and/or telephone number for each person; 4) to explore the feasibility of
interviewing people identified; and 5) to explore the feasibility of obtaining medical records to verify self-
reported illness histories.

The population selected for this preliminary study was defined by the rural area directly east of the
Hanford Nuclear Site in Franklin County, containing 37 farm blocks subdivided into approximately 1897
farm units. Four farm blocks were randomly selected from the area, two being in the area of the two
research interviewers’ homes, and two being remote from these areas. In this manner, it was hoped that
each interviewer would be working within an area that was very familiar and within which she would
personally know the residents, as well as in one area which was quite unfamiliar.

Each interviewer was to obtain as much information as possible about anyone who resided in the
assigned farm blocks from the time they were first inhabited until the present. Most farm blocks were first
inhabited in the early 1950’s due to the Columbia Basin Land Reclamation Project. However, some farm
blocks were inhabited as early as 1909.

The principle sources of information the interviewers used to initially identify the population
living in the selected farm blocks was a title company in Pasco, Washington which recorded a complete
record of ownership for each farm unit. Because ownership records do not include family members or
other residents, additional information was obtained through library references, telephone books, personal
visits, and telephone calls. Thus, a chronology of persons who resided in each farm unit was constructed.

A total of 126 persons were found to have resided on the 14 occupied farm units within the four
farm blocks. This number includes primary owners/residents, their children, employed farm workers and
their families. For all but four residents (3%), actual years of residency were ascertained. Sixty-four (51%)
residents lived on the farm units for some period between 1949 and 1965, a time period that encompassed
much of the radioactive releases from Hanford.
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Of the 126 persons identified, ten (8%) were documented to be deceased. An additional eight
persons (6%) could not be located. Slightly more than half of those identified and located were currently
still living on the farm units. Another 15% were resident in the immediate area, and 5% were within
Washington or a neighboring state. The remainder of those located resided in the Western U.S.

The results suggested that identifying, tracing, and locating residents of this region during the time
period of interest regarding Hanford radiation releases was feasible, at least for the more rural segment of
the population.

B.1.c. Overview of Tracing Efforts

At the time the HTDS protocol was written, tracing and locating large numbers of people who
were born in the areas of interest up to 50 years ago presented significant logistical challenges. It was
presumed this would be particularly true for women, many of whose surnames would have changed at least
once in the intervening years because of marriage.

The initial approach to locating and tracing individuals is depicted graphically in Figure V.B-1.
As shown in the diagram, searches were initiated based on the cohort member's name, the father's name and
the mother's name. At the start of the search, efforts were concentrated on locating any one of these three
individuals until enough information was obtained to focus on the location of the potential participant. The
tracing process was to be undertaken as an investigative process, using different sources, as they needed to
be pursued. The sources depicted were generally pursued in the order shown, beginning with the most
readily available, least costly and least labor intensive, and progressing toward the most costly and most
labor intensive until the potential participant was located or until all reasonable effort had been expended.
See below for a more detailed description of the tracing effort.
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Figure V.B-1.  Locating and Tracing Potential Participants
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Initially, two approaches were utilized to trace potential participants. The first was a series of
computer matches of the study cohort to databases maintained by the State of Washington. These included: 1)
death certificates; 2) recent birth certificates (second generation births), linking through both the father's and
mother's name (i.e., the potential participant's name); and 3) Department of Licensing (Driver’s License and
Motor Vehicle Registration) information. The second approach was to use readily available and relatively
inexpensive sources. These included primarily searches of telephone books, city directories, and Cole's reverse
directories. In addition, several school reunion lists had already been obtained, and additional lists were
sought as sources of potential participant follow-up. Field staff also searched for information using the Social
Security Death Index kept by the Genealogical Library of the Church of Jesus Christ of Latter Day Saints.
This source was particularly useful in locating family members through the deceased parent’s Social Security
payments.

Persons not located with the computer matches or through the use of readily available sources were
sought using more intensive search methods including the use of county records of marriage records, and using
local libraries to search old newspapers for obituaries, wedding and birth announcements. An attempt to locate
individuals not found using any of the above sources was made through contacts in the communities.

To minimize the potential for bias in locating cohort members that might be related to either exposure
or disease status, it was decided that several possible sources of information would not be used. These
included population-based tumor registries, unsolicited self-report by members of the public, and mailing lists
related to Hanford issues. Because each of these sources could be the only means of locating some persons,
and inclusion in these sources might be related both to exposure status and/or thyroid disease status, they were
specifically avoided for tracing purposes.

When contacting people who may have had information on the potential participant’s location, such
as the potential participant’s mother or father, they were told that we were attempting to locate people who had
been selected from birth certificates to participate in a medical research study. If the contact requested
additional information, they were told that the study was the Hanford Thyroid Disease Study and were given
basic information about the study. If the person requested additional information before disclosing the location
of the potential participant, he or she was advised to contact the Seattle office toll-free telephone line. When
contacting potential study participants a script was used to provide basic information about the HTDS and to
inform them that a letter would be sent explaining the study in detail. If more information about the study was
needed, the potential participant was advised to call the Seattle office toll-free telephone number and speak
with the Participation Coordinator.

B.1.d. Staffing and Logistics

The tracing field staff consisted of several employees located in eastern Washington. A procedure
manual was used to prioritize steps to be taken in locating potential participants. Records of each step in the
search for each potential participant were kept to learn more about the most efficient methods for locating
potential participants. Regular meetings were held in the Tri-Cities with the Project Manager and Principal
Investigator to assess the success of this component throughout the fieldwork phase of the study.

B.2. Revisions to the Original Protocol Plan

B.2.a. Deletion of Ineffective Sources of Information and Addition of New Sources

During the Pilot Study, it was determined that some of the more difficult to use and often most
expensive sources were less effective and these were not actively pursued in the Full Study. For example, high
school reunion lists were moderately helpful in the Pilot Study (useful information was obtained in 41% of the
cases in which such lists were used), but required rather extensive efforts to obtain. Overall, school records
were not a major source of tracing information. The use of a locator service toward the end of the Pilot Study
proved to be very expensive per potential participant located, and the results varied considerably. This source

HTDS Final Report: June 21, 2002 — Section V.B page 55



was not routinely used beyond the Pilot Study, but was replaced by sources mentioned below, provided by the
newly developed FHCRC Tracking Resource Center (TRC).

The use of more intensive contacts in small communities in the region was explored in the last few
months of the Pilot Study Tracing process. Study staff made several trips during the Pilot Study to small
towns to talk to local citizens and "old-timers" and to look through local records (e.g., marriage, utilities,
property records). In general, these trips were moderately successful but labor intensive. Local postmasters,
teachers, and community leaders were able to provide some guidance, and often helped to gain access to local
records that might otherwise have been difficult to obtain. Such sources were used for only a very few
potential participants, but when it was appropriate to pursue such sources, they were generally very successful
in locating that potential participant.

In summary, the experience gained in the Pilot Study tracing effort identified a number of key
approaches and sources of information that proved to be useful in locating potential participants. These
approaches and sources defined the primary methodology used in locating the remaining potential participants
needed for a Full Study. Those methods and sources that did not prove to be as useful were reserved for the
most difficult to locate, when other resources had been exhausted.

B.2.b. Addition of Computer On-line Database Information

Late in the tracing process for the Full Study, a Tracking Resource Center (TRC) was developed by
the FHCRC. This resource was designed to provide tracing, locating, and tracking services to a number of
Center projects needing to identify and locate study participants or former patients. The TRC was utilized by
the HTDS to locate potential participants who could not be located by other means. Additional new resources
available through the TRC were: 1) a national, on-line database resource providing matches by name and
previous address; and 2) a national, on-line database providing matches by name and date-of-birth, linking
multiple public records available at that time. While the use of these resources tended to be more expensive,
they were less labor intensive and frequently provided leads to assist in locating individuals who were the most
difficult to locate.

B.3.  Final Tracing Process

Tracing of potential participants was conducted in three stages, in the following chronological order
for most potential participants. The first stage consisted of a series of linkages with publicly available data
sources. The second stage, which constituted the majority of the tracing effort, utilized a variety of resources
to look for potential participants on an individual basis. The third stage, undertaken only for those individuals
most difficult to locate, was to enlist the services of the newly created FHCRC Tracking Resource Center
and/or a professional locating company.

B.3.a. Linkages with Publicly Available Data Sources
Five types of linkages to publicly available data sources were performed on either the entire study

sample or the appropriate subgroup, based on type of linkage. First, the study sample was manually matched
to Washington State infant death certificates for the years 1942-1950 for the six original Pilot Study Counties
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(not including Adams).! Second, the study sample was matched by computer to the Washington State Death
Index (WSDI) for the years 1965-1990.% This included some records for Washington State residents who died
outside of Washington, which were obtained through interstate exchange agreements. For females, matching
to the death index was based on the potential participant’s birth name from the birth certificate and the Father’s
surname as reported on the death certificate. Third, the Pilot Study sample was manually matched to a list of
Washington State Vietnam War deaths. Because of the low return from searching the Vietnam War Deaths list
(only one match was found for the entire Pilot Study sample), routine searching of this list was not continued
for all potential participants in the Full Study samples, but was referred to as appropriate for more difficult to
locate individuals.

The fourth step was perhaps the most unusual linkage undertaken in this series of linkages.
Washington State birth certificates list mother’s maiden (or birth) and current name, father’s name, mother’s
and father’s ages, and the child’s name. To use this information to find study participants, female potential
participant birth names were matched to mother’s maiden name on Washington State birth certificates for the
period 1956-1990 (second generation births), primarily to identify possible married names. For matches found
in this way, the child's last name was assigned as a potential married name for the mother.

Fifth, the names of the entire study sample (including possible married names obtained in step four,
above) were matched to the Washington State Department of Licensing (WSDOL) Driver’s License Records
by name and date of birth. This match was periodically re-run during the course of the study as the WSDOL
records were updated. Matches were also conducted individually as new possible married names, children’s
names, and spouse names were identified.

After the final linkages for the entire group were performed and some potential participants located,
three additional linkages were performed only on potential participants not yet located. For the Pilot Study,
potential participant parents’ names were matched by computer to the WSDI (1965-1990), using father’s
name, mother’s maiden name and mother’s potential married name from the potential participant’s birth
certificate. The purpose of this link was to provide dates and place of death for parents for whom an obituary
could then be found. Because most obituaries list the survivors (including current names and place of
residence), this information was sometimes used to locate the potential participant or a relative of the potential
participant. Since the parents’ dates of birth were not available on birth certificates (only age was listed), this
linkage resulted in many possible matches and was not repeated for the Full Study Sample.

The second additional linkage performed for potential participants not located initially was to match
males to father’s name on Washington State birth certificates from 1956-1990 (second generation births) to
identify possible children, through whom the potential participant may be located. Children identified this
way were then matched to the WSDOL records.

The final computer linkage, completed only for the Pilot Study, was to match female potential
participants’ names (both birth and potential married names) to centralized Washington State marriage records,
stored on microfiche, from 1970-present. New potential married names identified through this linkage were
then matched to the WSDOL records. For the Full Study, this search was done on an individual basis, mainly
at the county level, as the same access to these files was not possible at the time of the Full Study.

During the Full Study, matching against the National Death Index (NDI) files became available. The
NDI is a central computerized index of death record information since 1979, compiled by the National Center
of Health Statistics from information submitted by state vital statistics offices. Each record contains a standard
set of identifying data for each decedent. Matches were performed for all potential participants not already
located. In addition, parent names from the potential participant’s birth certificate were matched for some
potential participants. In this way, the informant listed on the parental death certificate could be used as a
source for locating the potential participant.

! Infant death certificates were not routinely reviewed for 1940 and 1941 due to access problems.
2 The WSDI was reviewed for all subjects classified as unable to locate throughout the tracing process, the most current issue of the WSDI
was periodically reviewed for individuals not located in initial attempts.
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Several scenarios were possible for information on a given potential participant from the data
linkages. These included:

1. Data linkage shows potential participant deceased: For all potential participants linked to a
Washington State Death Record, a death certificate (DC) was requested from the state. While

these linkages were performed as "exact matches" (highest possible likelihood that this is the
right person), great care was taken to check the death certificate against the birth certificate for
any indication that this may be a mismatch.

2. Data linkage shows potential participant linked to subsequent birth: For female potential
participants linked to subsequent births, the data from the match were checked against all

information entered on the potential participant birth certificate and tracing sheet. If this
appeared to be a likely match and a potential married name was elicited, tracing efforts were then
directed toward this name until such time that it was confirmed this was indeed the right person.

3. Data linkage shows new address based on WSDOL.: Linkage to this source was performed using
birth certificate names as well as possible new names generated from the subsequent births
listing. The new address information represented the current address held by the WSDOL for
that person. The date the information was given to WSDOL as valid was included in the listing.

B.3.b. Manual Tracing Resources

Following the data linkages performed on the potential participant roster database, information was
transferred to the eastern Washington staff to conduct tracing efforts manually for each individual. A copy of
each potential participant’s birth certificate was included in a file created for each potential participant which
also included the tracing forms specifically designed for use in this study for documentation of tracing efforts
undertaken (See Appendix 3).

The second stage of tracing activity utilized numerous sources identified and pursued by HTDS study
staff. In general, after the initial linkages were complete and the matches provided, the tracing staff first
undertook the process of locating those potential participants with the most promising information available.
This approach was taken to ensure a steady supply of potential participants to be recruited and scheduled for
clinics and to keep the study progressing as efficiently as possible. For example, potential participants (or their
parents) with exact matches to the WSDOL data (providing addresses) were next searched through telephone
directories, city/reverse directories and/or CD-ROM directories and other available resources.

Following the Pilot Study, several changes were made to the databases used to record tracing
information. Information on the usefulness of sources was no longer collected. In addition, some sources,
such as newspapers, were split into two or more categories to better capture the purpose of their use, such as
locating obituary information. For this reason, separate tables are shown here for the Pilot Study Sample, and
Transition and Full Study Samples. Tables V.B-1 and V.B-2 display the number of potential participants for
whom each manual source was ever used for those in the Pilot Study Sample, and those in the Transition and
Full Study Samples.

Overwhelmingly, the primary sources of information for tracing potential participants were telephone
directories, family members, and various public records. Initially, phone book searches were conducted by
hand, utilizing current and historical phone books obtained by the study and those available in local and
regional libraries. Consequently, nearly all (97%) cohort members selected during the Pilot Study were sought
in phone books (Table V.B-1). Early in the Pilot Study, however, CD-ROM products listing published phone
numbers throughout the United States were acquired for this purpose and used extensively, but did not replace
telephone directory use. About half of cohort members in the Transition and Full Study samples were sought
in phone books, and 89% on CD-Rom directories (Table V.B-2). Directory assistance throughout the United
States was also used extensively. Of the other types of sources used, the Social Security death rosters, City
and County records (e.g., marriage records), and obituary information from newspapers and funeral homes
were used the most. The category "Other Sources" in the following tables includes numerous other approaches
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utilized by tracing staff that were limited to a very few potential participants for any given source. Table V.B-
3 depicts the usefulness of sources in locating potential participants, based on the Pilot Study experience.
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Table V.B-1. Tracing Sources Used, All Potential Participants — Pilot Study Sample

Source Was Ever Used (N=1587) t

Source* Percent of Potential
No. of Potential Participants Participants (%)

Directories

« Telephone directories (hard copy) 1546 97.4

« CD-ROM telephone directories 769 48.5

« Directory assistance 691 43.5

. City/Reverse directories 542 342

« CA People Finder/Western Gold 8 0.5

School Records

« High school reunion lists 187 11.8

« Other school records 13 0.8

« Alumni organizations 8 0.5

« School registration records 4 0.3

« Former school teachers 2 0.1

Other Specific Sources

. Relatives 850 53.6
« Social Security roster 689 43.4
. Clty/pounty records (includes 307 193
marriage records)
« Locating service 189 11.9
« Online services* 130 8.2
« Death certificates 80 5.0
. Newspapers 63 4.0
« Funeral home/cemetery 56 3.5
« Neighborhood searches 51 32
« HTDS-ID letters 36 23
. Employers 35 2.2
« Libraries 28 1.8
. Postal service 17 1.1
. Veterans organizations 14 0.9
« Letter to Social Security 12 08
Administration '
« Native American sources (tribes and 9 0.6
[HS) ’
« Other HTDS participants 9 0.6
. Birth certificates 8 0.5
. Religious organizations 6 0.4
« Civic organizations 6 0.4
« Agricultural organizations 4 0.3
« Utility records 2 0.1
. Labor unions 2 0.1
« Voter registration 2 0.1
. Military reunion lists 1 0.1
. Historical documents 1 0.1
Other sources 56 3.5

* The sources listed in this table do not include record linkages performed prior to entry of potential participants into the tracing system.
1 Excludes 3 potential participants for whom no tracing data were entered due to a clerical error.

HTDS Final Report: June 21, 2002 — Section V.B page 60



Table V.B-2. Tracing Sources Used, All Potential Participants — Transition and Full Study Samples

Source Was Ever Used (N=3475)}

Source* Percent of Potential
No. of Potential Participants Participants (%)
Directories
« CD-ROM telephone directories 3106 89.4
« Telephone directories (hard copy) 1750 50.4
« Directory assistance 1014 29.2
. City/reverse directories 919 26.4
« CA People Finder/Western Gold 28 0.8
School records
« High school reunion lists 121 35
« School registration records 9 0.3
« Former school teachers 1 <0.1
Other specific sources
. Relatives 1440 41.4
. Social Security roster 1410 40.6
« Obituaries/funeral homes 1070 30.8
« Death index/death records 565 16.3
« Online services 491 14.1
« Marriage licenses 289 8.3
« Response to HTDS-ID letter 166 4.8
. Tax assessors 76 2.2
« Neighborhood searches 45 1.3
. Postal service 33 0.9
- Employers 32 0.9
. Locating service 22 0.6
. Letter to Social Security 16 05
Administration '
. List of Vietnam veterans 10 0.3
. Military locator service 10 0.3
. Voter registration 9 0.3
. Labor unions 3 0.1
« Other city/county records 3 0.1
. Civic organizations 2 0.1
« Agricultural organizations 2 0.1
. Religious organizations 2 0.1
. Veterans organizations 1 <0.1
. Utility records 1 <0.1
Other sources 90 2.6

* The sources listed in this table do not include record linkages performed prior to entry of potential participants into the tracing system.
T Table excludes n=134 potential participants who were not entered into the HTDS tracing system. All but one of these potential
participants (n=133) were located with information obtained from record linkages with the Washington state Department of Licensing,
prior to the implementation of the revised tracing system for transition and full study potential participants. As a result of clerical error,
the remaining potential participant was never entered into the tracing system and, therefore, was not traced.
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Table V.B-3. Usefulness of Tracing Sources in Locating Study Potential Participants — Pilot Study
Only (N=1587)}

Source was Ever Source Lead to or Resulted in
Used** Locating Potential Participant
Source* No. % No. % Tt
Directories
. Telephone directories (hard copy) 1543 97.2 1165 75.5
« CD-ROM telephone directories 762 48.0 744 97.6
« Directory assistance 664 41.8 523 78.8
. City/reverse directories 535 33.7 240 44.9
School records
« High school reunion lists 184 11.6 75 40.8
« Other school records 13 0.8 12 923
« Alumni organizations 8 0.5 7 87.5
« School registration records 4 0.3 2 50.0
« Former school teachers 2 0.1 0 --
Other specific sources
. Relatives 820 51.7 812 99.0
« Social Security roster 672 423 312 46.4
. City/county records (includes marriage 304 192 154 507
records)
« Locating service 187 11.8 85 45.5
. Newspapers 63 4.0 56 88.9
« Death certificates 51 32 44 86.3
« Neighborhood searches 50 32 32 64.0
« Funeral home/cemetery 35 2.2 28 80.0
. Employers 33 2.1 28 84.8
« Libraries 28 1.8 27 96.4
. Postal service 16 1.0 14 87.5
. Veterans organizations 14 0.9 7 50.0
« HTDS-ID letters 13 0.8 13 100.0
« Letter to Social Security Administration 12 0.8 12 100.0
. Native American sources (tribes and IHS) 9 0.6 7 77.8
« Other HTDS participants 9 0.6 9 100.0
. Birth certificates 8 0.5 8 100.0
. Religious organizations 6 0.4 6 100.0
« Civic organizations 6 0.4 5 83.3
« Agricultural organizations 4 0.3 4 100.0
. Utility records 2 0.1 1 50.0
. Labor unions 2 0.1 0 --
« Voter registration 1 0.1 1 100.0
. Military reunion lists 1 0.1 1 100.0
. Historical documents 1 0.1 1 100.0
Other sources 56 3.5 49 87.5

* The sources listed in this table do not include record linkages performed prior to entry of potential participants into the tracing system.
** These numbers differ from those in Table V.B-2 as this table contains only tracing performed prior to the end of the Pilot Study, after
which information on usefulness of sources was no longer collected.

+ Excludes 3 potential participants for whom no tracing data were entered due to a clerical error

T1 Percent of those for who source was ever used.
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B.3.c. Unlocated Potential Participants

Extensive efforts were made to locate each potential participant identified through birth certificates.
While the tracing effort was extremely successful, not all potential participants could be located from the
minimal information provided by a birth certificate from 50 years ago. Tables V.B-4 and V.B-5 show efforts
expended on potential participants not located. Before efforts were closed out on any individual potential
participant, an extensive amount of effort was required. This effort included all of the linkages performed in
the initial tracing phase, along with four primary sources that would be tried for everyone. These sources
included telephone directories, CD-ROM telephone directories, the Social Security death roster or WSDI, and
one on-line service as mentioned above. These represented the only manual sources that were appropriate to
try for all potential participants.
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Table V.B-4. Tracing Efforts for Those Not Located — Pilot Study Sample

Source Was Ever Used (N=78)

Source No. Percent of Unlocated (%)
Directories

« Telephone directories (hard copy) 77 98.7

« CD-ROM telephone directories 77 98.7

. City/reverse directories 62 79.5

« Directory assistance 61 78.2

« CA People Finder/Western Gold** 5 6.4

School records

« High school reunion lists 11 14.1
« School registration records 2 2.6
« Other school records 1 1.3
« Alumni organizations 1 1.3
Other specific sources
« Social security roster 75 96.2
« Online services** 70 89.7
« Locating service 48 61.5
. Clty/Founty records (includes 45 577
marriage records)
« Death certificates 21 26.9
. Relatives 11 14.1
« Neighborhood searches 5 6.4
« Funeral home/cemetery 5 6.4
« HTDS-ID letters 5 6.4
« Letter to Social Security 4 51
Administration ’
. Newspapers 3 3.8
« Libraries 2 2.6
« Postal service 2 2.6
. Employers 1 1.3
. Native American sources (tribes and 1 13
IHS) ’
« Other HTDS participants 1 1.3
. Birth certificates 1 1.3
. Agricultural organizations 1 1.3
« Labor unions 1 1.3
. Voter registration 1 1.3
Other sources 3 3.8

* The sources listed in this table do not include record linkages performed prior to entry of potential participants into the tracing system.
** Sources initiated during the transition/full study
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Table V.B-5. Tracing Efforts for Those Not Located — Transition and Full Study Samples

Source Was Ever Used (N=242)

Source No. Percent of Unlocated (%)
Directories

+ CD-ROM telephone directories 240 99.2

. Telephone directories (hard copy) 218 90.1

. City/reverse directories 155 64.0

« Directory assistance 122 50.4

« CA People Finder/Western Gold 26 10.7

School records

« High school reunion lists 20 8.3

« School registration records 2 0.8

Other specific sources

. Social security roster 232 95.9
« Online services 225 93.0
« Obituaries/funeral homes 158 65.3
« Death index/death records 139 57.4
. Marriage licenses 48 19.8
. Relatives 25 10.3
« Response to HTDS-ID letter 20 8.3
. Tax assessors 11 4.5
« Postal service 6 2.5
« Neighborhood searches 5 2.1
« List of Vietnam veterans 4 1.7
« Locating service 3 1.2
« Letter to Social Security 3 12
Administration ’
. Military locator service 3 1.2
. Employers 2 0.8
« Voter registration 2 0.8
. Civic organizations 2 0.8
Other sources 13 5.4

* The sources listed in this table do not include record linkages performed prior to entry of potential participants into the tracing system.

Tracing potential participants based on birth certificates from the 1940s required the use of multiple
sources of information in most cases. After the initial linkages were performed, more than one source of
information was used for virtually all of the potential participants being traced. This is because even when a
computer linkage was made (e.g., with WSDOL files), at least one additional step was almost always required
to obtain information sufficiently detailed to contact the potential participant (e.g., a telephone number). For
those most difficult to locate, many sources may have been used before the potential participant was located or
determined to be unlocatable. Tables V.B-6 and V.B-7 summarize the extent to which multiple sources were
used in the Pilot Study Phase and the Transition and Full Study Phases, by tracing outcome. The number of
sources used after the initial linkages ranged from 1 - 16, with a mean of 4.8 sources per potential participant
for the Transition and Full Study Phases.
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Table V.B-6. Number of Sources Used to Trace Located and Unlocated Individuals —

Pilot Study Sample
Located Unlocated Total

Number of

Sources Used No. % No. % No. %
1 13 0.9 0 -- 13 0.8
2 264 17.5 0 -- 264 16.6
3 242 16.0 0 -- 242 15.2
4 214 14.2 1 1.3 215 13.5
5 206 13.7 3 3.8 209 13.2
6 188 12.5 8 10.3 196 12.4
7 135 8.9 16 20.5 151 9.5
8 111 7.4 13 16.7 124 7.8
9 50 33 13 16.7 63 4.0
10 37 2.5 10 12.8 47 3.0
11 28 1.9 6 7.7 34 2.1
12 9 0.6 5 6.4 14 0.9
13 4 0.3 2 2.6 6 0.4
14 3 0.2 1 1.3 4 0.3
15 3 0.2 0 -- 3 0.2
16 0 -- 0 -- 0 --
17 2 0.1 0 -- 2 0.1

Total 1509 100.0 78 00.0 15871 100.0

Mean no. of 4.99 8.54 5.16

sources

* The sources listed in this table do not include record linkages performed prior to entry of potential participants into the tracing system.
+ Table excludes 3 potential participants for whom no tracing data were entered due to a clerical error.
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Table V.B-7. Number of Sources Used to Trace Located and Unlocated Individuals —
Transition and Full Study Samples

Located Unlocated Total

No. of

Sources Used No. % No. % No. %
1 108 33 0 -- 108 3.1
2 474 14.7 2 0.8 476 13.7
3 664 20.5 1 0.4 665 19.1
4 563 17.4 0 -- 563 16.2
5 334 10.3 11 4.5 345 9.9
6 307 9.5 19 7.9 326 9.4
7 240 7.4 38 15.7 278 8.0
8 210 6.5 46 19.0 256 7.4
9 149 4.6 48 19.8 197 5.7
10 93 2.9 30 12.4 123 3.5
11 50 1.5 23 9.5 73 2.1
12 22 0.7 12 5.0 34 1.0
13 9 0.3 5 2.1 14 04
14 7 0.2 5 2.1 12 0.3
15 2 0.1 2 0.8 4 0.1
16 1 <0.1 0 -- 1 <0.1
Total 3233 100.0 242 100.0 3475+ 100.0
Mean no. of 4.80 8.69 5.07

sources

* The sources listed in this table do not include record linkages performed prior to entry of potential participants into the tracing system.
+ Table excludes n=134 potential participants who were not entered into the HTDS tracing system. All but one of these potential
participants (n=133) were located with information obtained from record linkages with the Washington state Department of Licensing,
prior to the implementation of the revised tracing system for transition and full study potential participants. As a result of clerical error,
the remaining potential participant was never entered into the tracing system and, therefore, was not traced.

The effort expended toward the location of each potential participant was reviewed by the Data
Collection Specialist (DCS) responsible for the case and by the Lead Data Collection Specialist or the
Participation Supervisor to assure that all reasonable effort had been made and that all appropriate resources
had been used to locate the individual. Only after this review was any potential participant “retired” as unable
to locate. At least five sources were used for 316 of the 320 unlocated participants, and an average of more
than eight sources were used before potential participants were “retired.”
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B.4.  Outcome and Final Results
B.4.a. Results from the Pilot Study Sample

Figure V.B-2 displays the results of the tracing of individuals selected for the Pilot Study Sample. It
should be noted that these numbers vary slightly from the Pilot Study Report of January 24, 1995, as additional
potential participants from the Pilot Study selection were included in the Full Study. Of the 1590 individuals
selected for the Pilot Study Sample, 1360 living individuals were located and 149 individuals were confirmed
deceased. For 136 of the deceased individuals, a surrogate (ie. someone who might be able to provide study
information about the deceased individual) was located. Thus, 94.9% of the original sample were located.
Only 81 (5.1%) potential participants were listed as "unable to locate."

Figure V.B-2. Tracing Outcome for Pilot Study Sample (N = 1590)

Unable to Locate Deceased/

5.1% (N=81) Surrogate Located

8.6% (N=136)

Deceased/ No
Surrogate Located
0.8% (N=13)

Located Alive
85.5% (N=1360)

B.4.a.1. Results by Strata

Figure V.B-3 presents tracing outcomes separately for the 791 females and the 799 males in the Pilot
Study Sample. Success in locating living individuals was approximately the same for both sexes (87.2% for
females and 83.9% for males). However, a larger proportion of Pilot Study Sample males were confirmed
deceased (11.8%) than females (7.0%). Thus, after combining the living potential participants with the
confirmed deceased, 95.6% of the Pilot Study Sample males and 94.2% of the females were located. This
finding was somewhat unexpected, as it was anticipated that females would be much more difficult to locate
after such a long period of time, due to name changes with marriage, particularly among this age group.
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Figure V.B-3.

Tracing Outcome for HTDS Pilot Study Sample, by Sex (N = 1590)
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Figure V.B-4 displays the percent of the Pilot Study Sample located according to year of birth, from
1942-1946. There was relatively little difference in the proportion located in each birth year (range = 92.8% to
97.4%). Persons born in 1942 were slightly more frequently located than those born in the other years, but not

substantially so.

Figure V.B-4. Tracing Outcome for Pilot Study Sample, by Year of Birth (N = 1590)
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Figure V.B-5 displays the percent of the Pilot Study Sample located according to the eight regions
that defined the geographic sampling strata (geostrata). These are arranged in the figure to correspond in an
approximate manner to more urbanized areas (Richland, Pasco/Kennewick, and Walla Walla city) and
predominately rural areas (counties, outside city). Although there is relatively little difference in the
proportion located across the eight regions, there was a tendency for the more rural areas to have higher
success rates. Such a pattern might be expected given that it is likely that the temporary workers who came to
the area for construction jobs at the Hanford facility lived in more urban areas. In four of the five rural
geostrata, 95% or more of the potential participants were located. Location rates for the three urban geostrata
areas ranged from 89.3% to 93.6%.

Figure V.B-5. Tracing Outcome for Pilot Study Sample, by Geostratum (N = 1590)
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Table V.B-8 shows the proportion of Pilot Study Sample members located within each of the 76 strata
(defined by gender, year of birth, and geostrata). More than half the sample was located in all 76 strata. At
least 90% of the potential participants were located in 69 (90.8%) of the strata and at least 80% were located in
75 (98.7%) of the strata. In one stratum, 1944 Richland females, only 18 of 23 (78.3%) were located.
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Table V.B-8. Percentage of Pilot Study Potential Participants Located in Each of the 76 Sampling
Strata -Pilot Study Sample (N= 1590)

Year of Birth

Geostratum 1942 1943 1944 1945 1946
and Sex** No. % No. % No. % No. %  No. %
Richland

Female See* See* 18 78 19 90 18 86

Male Footnote*  Footnote* 21 91 21 100 20 91
Pasco/Kennewick

Female 21 100 18 90 21 95 16 80 18 90

Male 20 95 19 90 18 90 22 100 19 95
Walla Walla (city)

Female 22 100 18 90 18 90 17 85 19 95

Male 19 95 20 100 19 90 20 95 20 95
Benton County

Female 26 100 19 9% 18 8 17 85 24 100

Male 2292 19 9% 20 95 22 100 24 96
Franklin County

Female 2195 12 100 22 96 7 88 16 100

Male 16 94 13 100 17 94 9 90 19 90
Walla Walla County

Female 24 100 23 100 22 100 24 100 19 90

Male 26 96 22 100 23 96 26 96 19 95
Okanogan County

Female 20 95 21 100 20 95 19 90 21 100

Male 22 100 19 95 21 95 20 95 21 100
Ferry/Stevens
Counties

Female 21 100 22 100 22 100 21 100 21 95

Male 21 100 20 95 21 95 24 100 20 100

* Richland was defined as a geostratum separate from Benton County only for births in 1944-1946.
** Sex is defined as actual sex, not sex strata, as 2 potential participants were misclassified: one potential participant in the 1945
Pasco/Kennewick stratum was misclasssified as female and another potential participant in the 1946 Franklin County stratum was

misclassified as male.
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In summary, the Pilot Study demonstrated the feasibility of locating cohort members identified from
birth certificate records from the early to mid-1940s. Overall, 91% of the 1590 Pilot Study Sample members
identified from birth certificates were located by the end of the Pilot Study in December 1995. By the end of
the Full Study, this percentage rose to 94.9%. Success in locating people did not differ substantially
according to sex, year of birth, or geographic area of birth. This indicated that the methods used throughout
the Pilot Study were effective at locating a substantial percentage of all selected potential participants.

B.4.b. Results from Transition Sample

The Transition Sample selection included potential participants from five of the eight geostrata used
during the Pilot Study (Richland, Pasco/Kennewick, Walla Walla City, Benton County outside of Pasco, Walla
Walla County outside of Walla Walla City). No further selections were made from the Okanogan or
Ferry/Stevens geostrata because it was anticipated that the design of the Full Study would limit further
selections to only geostrata near Hanford. No further selection from the Franklin County geostratum was
possible, since all its members were selected for the Pilot Study. Figure V.B-6 shows the tracing outcomes for
potential participants in the Transition Sample. A slightly lower percentage of potential participants were
located in the Transition Sample (93.3%) than the Pilot Study Sample (94.9%). (Note that the category,
“Deceased, Surrogate Located” was used only in the Pilot Study, as it was initially intended that deceased
potential participants would be represented in the study by a surrogate, when available. Please see section V.D
for a complete discussion of this issue.)

Figure V.B-6. Tracing Outcome for the Transition Sample (N = 1005)
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B.4.b.1.  Results by Strata

Figure V.B-7 shows tracing outcomes by sex for the Transition Sample. Tracing efforts were slightly
more successful in locating males than females. This difference was more evident in the Transition Sample
(95.0% vs. 91.6% of males and females respectively) than in the Pilot Study Sample (95.6% vs. 94.2%).
However, the overall success rate for tracing both males and females remained consistently high.

Figure V.B-7. Tracing Outcome for Transition Sample, by Sex (N = 1005)
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Figure V.B-8 shows tracing outcome by year of birth for the Transition Sample. Ability to locate
potential participants in the Transition Sample ranged from 90.8% for those born in 1945 to 97% for those
born in 1943.
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Figure V.B-8.  Tracing Outcome for Transition Sample, by Year of Birth (N = 1005)
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Figure V.B-9 shows tracing outcomes by geostrata for the Transition Sample. The success rate for
locating Transition Sample members ranged from 87.1% in the Richland geostratum to 97.8% in the Walla
Walla County geostratum. As in the Pilot Study Sample, efforts were slightly more effective in locating those
born in rural areas, presumably due to a less mobile population.
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Figure V.B-9. Tracing Outcome for Transition Sample, by Geostratum (N = 1005)
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B.4.c. Results for the Full Study Sample

The HTDS Full Study included all potential participants selected for the Pilot Study and Transition
Samples, along with those selected later. For convenience, however, those selected after the Pilot Study and
Transition Sample selections are designated the Full Study Sample. A total of 2604 potential participants were
included in the Full Study Sample. The Full Study Sample was selected from five of the nine geostrata used in
the entire study (Richland, Pasco/Kennewick, Benton County outside of Pasco, Franklin County outside of
Kennewick, and Adams County). In addition, the Full Study Sample included people born in 1940-41. Figure
V.B-10 shows tracing outcomes for the Full Study Sample. A larger percentage of Full Study Sample
members were located deceased (11.1%, compared to 9.4% and 8.9% for the Pilot Study and Transition
Samples), presumably due to the inclusion of potential participants born in 1940 and 1941. Nevertheless, the
percentage located (93.3%) was similar to those for the Pilot Study and Transition Samples.
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Figure V.B-10. Tracing Outcome for the Full Study Sample (N = 2604)
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B.4.c.1.  Results by Strata

Figure V.B-11 shows tracing outcomes by sex for the Full Study Sample. The percentage of female
potential participants located in the Full Study Sample (91.3%) was again slightly lower when compared to the
percentage of males located (95.2%). While the difference was slightly larger than for the Pilot and Transition
samples, it was not substantially different.

Figure V.B-11. Tracing Outcome for the Full Study Sample, by Sex (N = 2604)
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Figure V.B-12 shows tracing outcome by year of birth for the Full Study Sample. Ability to locate
potential participants by year of birth in the Full Study Sample varied from 90.0% for those born in 1945 to
98.9% for those born in 1942. This is consistent with the location rates for the Pilot and Transition Samples.

Figure V.B-12. Tracing Outcome for the Full Study Sample, by Year of Birth
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Figure V.B-13 shows tracing outcome by geostratum for the Full Study Sample. Success in locating
potential participants ranged from 91.4% in the Richland geostratum to 98.6% in the Franklin County
geostratum. The highest success was achieved in locating potential participants born in the relatively rural
Franklin County and Adams County geostrata.

Figure V.B-13. Tracing Outcome for the Full Study Sample, by Geostratum
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B.4.d. Overall Results for the Full Study

B.4.d.1. Success in Locating Study Potential Participants

Figure V.B-14 shows the final tracing outcomes for the entire study. Of the 5199 individuals sought,
4350 (83.7%) living individuals were located and 527 (10.1%) individuals were confirmed deceased. Thus,
93.8% of the sample were located and their identities confirmed. Only 322 potential participants (6.2%)
remained unlocated at the end of the study. In addition, the ability to locate well over 90% of all potential
participants did not vary substantially by sex, geographic region at birth, or year of birth. Figures V.B-15 to
V.B-17 show the final tracing outcomes for the study by sex, by year of birth, and by geostrata.

HTDS Final Report: June 21, 2002 — Section V.B page 79



Figure V.B-14. Final Tracing Outcomes for Entire Study (N=5199)
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Figure V.B-15. Final Tracing Outcome for Entire Study, by Sex (N=5199)
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Figure V.B-16. Final Tracing Outcome for Entire Study, by Year of Birth (N=5199)
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Figure V.B-17. Final Tracing Outcome for Entire Study, by Geostratum (N = 5199)
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Almost 84% of all potential participants were located as living and potentially evaluable (whether
they agreed to participate or not). For most (83.4%) this was confirmed directly by contact with the potential
participant or with a close relative who could verify the potential participant’s identity and provide a current
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address. An additional 12 potential participants (0.2%) were located to a current address using other reliable
sources providing enough information to verify their identity as the selected potential participant. These
potential participants were sent a letter asking them to participate, but no direct contact was made, as no
telephone number was available.

Five hundred twenty-seven (10.1%) of all selected potential participants were confirmed as deceased
by a close relative and/or other reliable source (e.g., death certificate). A larger proportion of males was
confirmed deceased (12.7%) than females (7.5%). Sixteen potential participants (0.3%) were located as living,
but died during the study before agreeing to participate or prior to attending a clinic. An additional 22 (0.4%)
potential participants were located as living but required a surrogate due to mental or physical conditions.
Twenty-one of these potential participants were unable to participate in clinics, but were positively identified,
while one attended a clinic with the assistance of a family member and an assistant. Two potential participants
were determined to be ineligible, one because he was adopted and actually had been born in Spokane, which
was his birth mother’s usual residence, and the other due to a mistake on the birth certificate regarding the
“Mother’s Mailing Address,” which indicated the mother lived in Walla Walla when the potential participant
was born, when it should have been Columbia County as reflected in the “Mother’s Usual Residence.”

B.4.d.2. Current Residence of Living Potential Participants

At least one potential participant was located in every state in the U.S. except for Rhode Island (see
Figure V.B-18). Fifty-four percent of the located potential participants resided in Washington State, 9.4% in
California, 9.1% in Oregon and 2.7% in Idaho. The only other state where more than 2% of the located
potential participants resided was Texas (2.2%). Thirty-six potential participants (0.8% of those located)
resided outside of the U.S. Potential participants were located in Canada, Dubai, Ecuador, Germany, Mexico,
Saudi Arabia, South Africa, England, Guam, Australia, Japan, France, Saipan, Hungary, Columbia, Taiwan
and South Korea. Many of these (26) participated in the study. Although excessive travel costs associated
with foreign travel prohibited the study from flying participants to the U.S. from outside North America, those
participants who had plans to be in the U.S. during the study were brought to Seattle whenever possible to
attend a clinic during that time.
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Figure V.B-18. Current Residences of Located Potential Participants
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B.4.d.3. Death Certificates Obtained for Deceased Potential Participants

As noted above, 527 cohort members were deceased when located, and another 16 located individuals
died before agreeing to participate or attending a study clinic. For these 543 potential participants, an attempt
was made to obtain a death certificate to verify the death and collect information about the cause of death. In
504 cases (92.8%), the death certificate was obtained. However, in 7.2% of cases, no death certificate could be
located in the state in which the potential participant was reported to have died, or no state of death was known
by the respondent, and could not be ascertained from the National Death Index. Consistent with the tracing
results for living potential participants, the majority of those deceased had died in Washington State, with
Oregon and California having the second and third largest proportions of deceased potential participants.

Table V.B-9 shows the success in obtaining death certificates in the states where the 543 potential participants
were reported to be deceased.
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Table V.B-9.

Summary of Death Certificates Obtained for Deceased Study Potential Participants

Reported Residence

at Death

Death
Certificates
Obtained

Death Certificate Not
Requested Due to Lack of
Information

Death Certificate
Requested But Not

Found

Total

Washington
Oregon
California
Idaho
Montana
Texas
Colorado
Minnesota
Utah

Alaska
Nebraska
New York
Wyoming
Arizona
Nevada
Arkansas
Delaware
Florida
Georgia
Hawaii
Pennsylvania
South Carolina
Tennessee
Alabama
Illinois
Kentucky
Missouri
Mississippi
North Carolina
New Hampshire
Ohio
Oklahoma
Virginia

Out of U.S.
Unknown
Total

37
3
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C. Recruiting
C.1.  Background

The design of the HTDS posed significant challenges for recruiting study participants. It required
that each participant be asked to identify an older relative (preferably the mother) to complete an extensive
telephone interview. In addition, the participant was asked to travel to a clinic for a complete medical
evaluation to determine the presence of thyroid disease and to complete an In-Person Interview.

C.1.a. Objectives of Recruiting

The objectives of the recruiting activities were to contact and obtain agreement of living potential
participants to participate in the study, and to identify an appropriate Computer Assisted Telephone
Interview (CATI) respondent. It was necessary to do this within a time frame that would provide
sufficiently large pools of participants to schedule regional clinics, while also allowing participants ample
opportunity to attend a clinic.

C.2.  Recruiting Procedures
C.2.a. Initial Written Contact and Attempt to Contact by Phone

Each potential participant who was located was sent an introduction/participation letter, a study
Fact Sheet and Description of Study Participation. Calls to potential participants began approximately 5-7
days after the letters were sent. Since potential participants would be in their late 40s and early 50s at the
time of recruitment, they were assumed to be working. Therefore, the majority of recruitment calls were
made during the evenings, taking into consideration the time zone in which the potential participant
resided. A minimum of 10-15 evening attempts were made at various weeknight and weekend (generally
Sunday evening) time periods, and a minimum of three daytime (weekend and weekday) calls were
attempted.

If the potential participant could not be contacted by phone after 20-25 attempts, a second letter
was sent explaining that the Recruiter had been unable to reach them at that phone number, and asking
them to contact the Recruiter or Participation Coordinator at the toll-free HTDS number'. Further attempts
to contact these people were postponed for approximately one month, after which both day and evening
attempts would begin again until the participant was reached or until 40 attempts had been made. After 40-
45 attempts resulting in no contact with either the potential participant or a household member, another
letter was sent. This letter included the toll-free number and card for the potential participant to complete
and return in a self-addressed stamped envelope confirming that he or she was the identified person, and
asking for a phone number and time at which he or she would most likely be available.

If there was no response to this letter, and the letter was not returned with an address correction or
as unable to deliver within one month, the potential participant was considered “unable to contact” and no
further attempts were made. If the potential participant or household member had been reached at least
once, additional attempts beyond the 40-45 calls were sometimes made, dependent on the nature of the
contact.

If at any point in the process of attempting to contact a potential participant the phone number was
disconnected or proved to be a wrong number, efforts were made to obtain a correct phone number through
directory assistance, the original informant, or another available source. When necessary, potential

"If all or most calls up to this point resulted in an answering machine, a general message was left on up to three occasions explaining
that we were calling from the HTDS and leaving the toll-free number for the potential participant to contact the Recruiter.

HTDS Fi nal Report: June 21, 2002 — Section V.C

page 84



participants were returned to the tracing staff for additional tracing effort. Later in the recruitment phase,
the FHCRC Tracking Resource Center assisted in locating updated address and telephone information. If a
new telephone number could not be obtained, a second letter (as described above for those not contacted
after 20-25 attempts) was sent asking the potential participant to contact HTDS at the toll-free number. If
no response was received and no telephone contact was ever made, a letter was sent, asking him or her to
contact the study or return the enclosed card to confirm identity as the study potential participant and/or
providing contact information.

C.2.b. Telephone Contact with the Potential Participant

Once the potential participant was reached by phone, the Recruiter explained the reason for the
call, confirmed the person’s identity (full name, date and county of birth) and attempted to obtain
agreement to participate by explaining the purpose and nature of the study and responding to any concerns
as appropriate. A script was developed and used to ensure that each potential participant received the same
basic information about the study. However, the nature of the recruitment call required that Recruiters be
flexible enough to respond to individual questions and concerns. Recruiters were trained to be able to
address a variety of questions and concerns in order to obtain the highest participation rate possible.

Every effort was made to recruit and provide interpreters or other assistance as necessary for non-
English speakers, illiterate, hearing and vision impaired, or otherwise impaired persons to achieve
maximum participation in the study. If a potential participant was reluctant to participate, the Recruiter
would encourage him or her to contact the Participation Coordinator or Project Manager so that specific
concerns could be addressed. If the potential participant still refused, in most cases, a second contact by
letter was sent in approximately three to six months to allow for the possibility that he or she would have
reconsidered the decision. This letter was followed by a telephone call, as with the first attempt, to try
again to gain participation and to respond to any questions or concerns.

If the potential participant agreed to participate in the study, the Recruiter requested that the
participant name a respondent for the CATI. Whenever possible, the CATI respondent was the potential
participant's mother, who was assumed to be best able to answer the CATI questions. The next choices, in
order of preference were: father, older sibling (at least six years older), or other family member who lived
with the potential participant for a large part of his/her early childhood since birth.

The Recruiter described the dosimetry materials and interview to ensure that the participant felt
that the respondent would be willing and able to complete the CATI process. A CATI Respondent
Assessment (Appendix 4) was then completed with the participant. Questions were asked about the
respondent’s abilities, such as sight, hearing and special needs. This information was then provided to the
CATI Interviewer.

If no CATI respondent was available, the potential participant was informed that he or she was
still eligible for participation and was assured that his or her participation was valuable even without a
CATlI respondent. Participants without a CATI respondent were interviewed at the clinic using an
expanded version of the In-Person Interview (IPI).

During the recruitment call, the Recruiter assessed whether travel arrangements were required and
which clinic site would be the most accessible for the participant. In most cases, the clinic site selected was
the one closest to the participant’s usual residence. Seattle was selected as the clinic location for most
participants living outside of the Pacific Northwest, for both participant convenience and typically lower
airfare cost.

If a CATI respondent was named, the participant was called back after the CATI was completed to

schedule the clinic visit. If no CATI respondent was named, attempts to schedule could begin immediately,
depending on availability at the clinic location selected.
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C.2.c. Confirmation of Agreement to Participate and Six Month Letter

In the Pilot Study, letters were sent to participants soon after they had agreed to participate,
thanking them for agreeing to participate and explaining that they would be contacted to schedule a clinic
appointment. During the Full Study, when the volume of letters to participants was extremely high and lag
time between recruiting and scheduling could be six months or longer, the confirmation letter was replaced
by a letter sent to all participants who had not yet been scheduled for a clinic within six months after the
recruitment call. The purpose of the “six month letter” was two-fold. First, it served to assure participants
that they would be contacted and that their participation was still very important to the study. Second, it
enabled the study to be advised of address changes through the United States Postal Service change of
address service.

C.2.d. Refusals and Second Attempts

While every reasonable effort was made to persuade each potential participant to participate, it
was inevitable that some would refuse or be unable to participate. When a potential participant refused, the
Recruiter asked them to complete a Refusal/Demographic Questionnaire (Appendix 5). Twelve
demographic questions relating to race, ethnic origin, income, religion, and education level were asked to
obtain a general profile of those who refused to participate or later withdrew from the study.

The Recruiter also completed a Refusal Assessment (Appendix 6) after the call to record the
nature and strength of the refusal from the Recruiter’s perspective. This information was used to determine
if, and when, to re-contact the potential participant to have the best opportunity to convert the refusal to an
agreement to participate. A second attempt to recruit was generally made unless the participant specifically
requested that the HTDS not re-contact them, was hostile, or if it was clearly not possible for this person to
participate in the study for reasons such as long term illness or disability. The default date for making
second attempts was set at approximately three months after the first attempt.

C.2.e. Second Request for Participation

A second attempt letter, requesting participation and explaining the study, was sent within three to
six months following the first recruitment contact, or after an appropriate amount of time based on
information provided by the potential participant and the Recruiter. As with the initial contact, each letter
also included a description of study participation and fact sheets. A Recruiter began attempts to call
approximately 5-7 days after the second letter was sent. As with the first attempt call, a script was used as
a guideline to ensure that all potential participants received the same information about the study.

However, as with the initial attempt, the Recruiter’s approach and responses were individualized to respond
to the potential participant’s questions and concerns.

If the potential participant agreed to participate on the second attempt, the same steps were
followed as for an agreement on the first attempt in requesting CATI respondent information and
determining clinic location. If he or she refused, the Recruiter asked him or her to complete a Refusal
Demographic Questionnaire (unless this had been completed during the first attempt call). The Recruiter
also completed a Refusal Assessment after the call to record the reason for and strength of the refusal. No
further recruitment attempts were made if a potential participant refused on the second attempt.
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C.3.  Qutcome and Results

C.3.a. Results for the Pilot Study Sample

Figure V.C-1 summarizes the willingness of individuals in the Pilot Study Sample to agree to
participate in the study. It should be noted that these numbers may vary slightly from those found in the
Pilot Study Final Report of January 24, 1995, as some additional participants from the Pilot Study Sample
were recruited after that time.

Figure V.C-1. Agreement to Participate for the Pilot Study Sample (N = 1360)

* Other
Refused 1.2% N=17
15.8% N=215

Unable to Contact
2.5% (N=34)

Agreed
80.4%
N=1094

* Other: Unable to participate, Ineligible, Died prior to participation

Of the 1360 potential participants located alive, 1354 (99.6%) were sent letters requesting
participation, and 1320 (97.1%) were contacted by telephone. One thousand ninety-four (80.4%) of those
located alive agreed to participate (82.9% of those contacted by telephone). Eleven of those located alive
were judged physically incapable of participating by a close relative or guardian, or were found to be
otherwise unable to participate. Two hundred fifteen (15.8%) of the living located potential participants
refused to participate in the study. Of those agreeing to participate, 49 (3.6%) refused on the initial
attempt, but were re-contacted a second time and the refusal was converted to agreement. The participation
rate remained remarkably constant over the course of the Pilot Study, fluctuating less than 3% in either
direction over the last year of this phase of the study. Table V.C-1 summarizes the recruiting experience for
the Pilot Study Sample.
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Table V.C-1.  Summary of Agreement and Refusal for the Pilot Study Sample (N=1360)
% of % of
Contacted Letter
Contact Status No. by Phone Sent % of Total
Letter sent 1354 -- 100.0 99.6
Unable to contact 34 -- 2.5 2.5
Contacted by phone 1320 100.0 97.5 97.1
Agreed, final 1094 82.9 80.8 80.4
- on first attempt 1045 79.2 77.2 76.8
- on second attempt 49 3.7 3.6 3.6
Refused, final 215 16.3 15.9 15.8
Unable to participate 11 0.8 0.8 0.8
Died prior to participation 4 -- -- 0.3
Ineligible 2 -- -- 0.1
Located with no contact 0 -- -- 0.0

In summary, the Pilot Study demonstrated that, once located and contacted by telephone, a large
proportion of individuals would agree to participate in the study. Approximately 83% of those in the Pilot
Study Sample who were contacted by telephone agreed to participate during the course of the study.

Figure V.C-2 shows the proportion of the Pilot Study Sample located alive who agreed to
participate, by the eight geostrata used in the Pilot Study. The participation rate was uniformly high and
relatively similar across the eight geostrata. The lowest percentage was among those born in Ferry and
Stevens counties, located furthest from the Hanford Site (74.5%), and the highest was in Franklin County

(84.9%), the area closest to the site.

Figure V.C-2. Agreement to Participate for the Pilot Study Sample, by Geostratum (N=1360)
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Figures V.C-3 and V.C-4 show that willingness to participate also did not differ substantially
according to sex (82.8% for females vs. 78.1% for males) or year of birth (78.8% to 82.4%).

Figure V.C-3. Agreement to Participate for the Pilot Study Sample, by Sex (N =1360)
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* Other: Unable to participate, Ineligible or Died prior to participation

Figure V.C-4. Agreement to Participate for the Pilot Study Sample, by Year of Birth (N = 1360)
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Similarly, the area of current residence did not significantly influence the willingness to
participate. The most common reasons for non-participation were “Not Interested” and “No Time,” with
64.7% (139) of refusals and withdrawals falling into these two categories. The next most common reason

for non-participation was illness or medical impairment/disability. Eighteen (8.4%) Pilot Study non-
participants or their family member/guardian cited a medical condition, illness, disability, or impairment as
the reason for not participating. Surprisingly, unwillingness to travel was only cited as the reason for non-
participation by four potential participants outside the Northwest in the Pilot Study Sample. Other reasons
given were opposition to the study, concern about the effect of participation on insurance coverage, advice
from an attorney, and not having thyroid disease. Table V.C-2 shows the reasons for refusal or withdrawal

from the study by geographic area of current residence for the Pilot Study Sample.

Table V.C-2.

Reason for Refusal/Withdrawal for the Pilot Study Sample by Geographic Area of
Current Residence (N=215)

Reason for Refusal or Withdrawal

Not Legal or No
Area of Interested lllnessor ~ Unwilling  Opposed  Insurance  Thyroid
Current or No Time Impairment toTravel  toStudy  Concerns  Disease Other* Total
Residence No. % No. %  No. % No. %  No. %  No. % No. % No.
All WA 82 66.1 9 13 1 08 8 65 3 24 1 08 20 1le.l 124
Seattle 12750 1 62 0 -- 0 - 0 - 0 - 3 188 16
Everett 1 333 0 - 0 - 1 333 0 - 0 - 1 333 3
Tacoma 3 60.0 0 - 0 -- 0 - 0 - 0 - 2 40 5
Olympia 3 750 0 -- 0 -- 0 -- 0 -- 0 -- 1 250 4
SW WA 5 833 0 -- 0 -- 1 167 0 - 0 - 0 - 6
Wenatchee 9 692 3 231 0 - 0 - 0 -- 0 - 1 7.7 13
Yakima 2 250 1 125 1 125 0 -- 1125 0 - 3375 8
Spokane 22759 0 - 0 - 3 103 0 - 1 34 3103 29
Tri-Cities 24 615 4 103 0 -- 377 2 sl 0 - 6 154 39
SE WA 1 100 0 -- 0 -- 0 - 0 - 0 -- 0 - 1
Other NW 21 60.0 3 86 1 29 257 257 129 5 143 35
CA/HI 9 529 5 294 0 -- I 59 159 0 - 1 59 17
Southwest 11 917 0 -- 0 - 0 - 0 -- 0 -- 1 8.3 12
Midwest 7 583 1 83 4 333 0 -- 0 - 0 -- 0 -- 12
South 7 70.0 0 - 0 - 0 - 0 - 0 - 3300 10
East 2 400 0 -- 0 -- 1 200 0 - 1 20.0 1200 5
Other 0 -- 0 - 0 - 0 - 0 - 0 -- 0 -- 0
Total 139 647 18 84 6 28 12 56 6 28 3 14 31 144 215

* Other: Includes family problems, personal reasons, distrust, lack of personal benefit, scheduling problems, refusal by a household

member on the potential participant’s behalf, and no reason given.

Overall, these results indicate that the methods developed for recruiting participants for the study
were feasible and would result in relatively high levels of participation.
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C.3.b. Results from the Transition Sample

Figure V.C-5 summarizes the willingness of individuals in the Transition Sample to agree to
participate during the course of the study.

Figure V.C-5.
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* Other: Unable to participate, Ineligible or Died prior to participation

Of the 849 potential participants located alive, 847 (99.8%) were sent letters requesting
participation, and 831 (97.9%) were contacted by telephone. Six hundred ninety-two (81.5%) of those
located alive agreed to participate. Eleven located potential participants were judged medically incapable
of participating by a close relative or guardian contacted during the process, or were found to be otherwise
unable to participate. One hundred twenty-eight of those located alive (15.1%) refused to participate in the
study. Of those agreeing to participate, 33 (3.9%) potential participants refused on the initial attempt, but
were re-contacted a second time and agreed to participate on the second recruiting attempt. Sixteen (1.9%)
of those located to an address were unreachable by telephone and could not be recruited. Table V.C-3
summarizes the recruiting experience for the Transition Sample.

Table V.C-3.

Summary of Agreement and Refusal for theTransition Sample (N=849)

% of % of

Contacted Letter % of
Contact Status No. by Phone Sent Total
Letter sent 847 -- 100.0 99.8
Unable to contact 16 -- 1.9 1.9
Contacted by phone 831 100.0 98.1 97.9
Agreed, final 692 83.3 81.7 81.5
- on first attempt 659 79.3 77.8 77.6
- on second attempt 33 4.0 3.9 3.9
Refused, final 128 15.4 15.1 15.1
Unable to participate 11 1.3 1.3 1.3
Died prior to participation 1 -- -- 0.1
Ineligible 0 -- -- 0.0
Located with no contact 1 -- -- 0.1
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In summary, the results in the Transition Sample did not differ appreciably from those in the Pilot
Study. Of those individuals contacted by telephone, 83.3% agreed to participate in the study. A total of
2.0% (17) of those located to an address were not reachable by telephone.

Figure V.C-6 shows the proportion of Transition Sample potential participants located alive who
agreed to participate, according to the five geostrata used in the Transition Sample. The participation rate
was uniformly high and relatively similar across the five areas. The lowest percentage was among those
born in Richland (77.6%), and the highest among those born in Pasco/Kennewick (86.7%).

Figure V.C-6. Agreement to Participate for the Transition Sample, by Geostratum (N=849)
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Willingness to participate did not differ substantially according to sex (80.6% of females vs.
82.4% of males) or year of birth (78.7% to 86.3%) (Figures V.C-7 and V.C-8). Similarly, the area of
current residence did not significantly influence the willingness to participate. Table V.C-4 summarizes the
reasons for refusal by geographic area of current residence for the Transition Sample. Reasons for refusal
did not vary substantially from the Pilot Study Sample experience.
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Figure V.C-7. Agreement to Participate for the Transition Sample, by Sex (N=849)
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Figure V.C-8. Agreement to Participate for the Transition Sample, by Year of Birth (N=849)
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Table V.C-4.

Reason for Refusal/Withdrawal for the Transition Sample, by Geographic Area of

Current Residence (N=128)

Reason for Refusal or Withdrawal

Not
Area of Interested Illness or Unwilling  Opposed to Legal No Thyroid
Current or No Time Impairment to Travel Study Concerns Disease Other* Total
Residence No. %  No. %  No. %  No. % No. %  No. %  No. % No.
All WA 48 69.6 3 43 0 -- 4 58 1 1.4 1 1.4 12 17.4 69
Seattle 6 60.0 0 -- 0 -- 0 0 -- -- 4 40.0 10
Everett 2 100 0 -- 0 -- 0 -- 0 -- 0 -- 0 -- 2
Tacoma 2 100 0 - 0 - 0 - 0 -- 0 -- 0 - 2
Olympia 4 80.0 1 20.0 0 -- 0 -- 0 -- 0 -- 0 -- 5
SW WA 1 333 0 -- 0 -- 1 333 0 -- 0 -- 1 333 3
Wenatchee 2 100 0 -- 0 -- 0 -- 0 -- 0 -- 0 -- 2
Yakima 4 57.1 1 143 0 -- 1 143 1 143 0 -- 0 -- 7
Spokane 5 714 0 -- 0 -- 1 143 0 -- 0 -- 1 14.3 7
Tri-Cities 22 71.0 1 3.2 0 -- 1 32 0 -- 1 32 6 194 31
SE WA 0 -- 0 -- 0 -- 0 -- 0 -- 0 -- 0 -- 0
Other NW 9 562 1 62 1 62 0 -- 0 -- 0 -- 5 312 16
CA/HI 6 66.7 1 11.1 1 11.1 0 -- 0 -- 0 -- 1 11.1 9
Southwest 2 500 0 -- 1 250 1 250 0 -- 0 -- 0 -- 4
Midwest 8 66.7 1 8.3 0 -- 0 -- 0 -- 1 8.3 2 16.7 12
South 6 75.0 0 -- 1 125 0 -- 0 -- 0 -- 1 12.5 8
East 6 66.7 0 -- 0 -- 0 -- 0 -- 0 -- 3 333 9
Other 0 -- 0 -- 0 -- 0 -- 0 -- 0 -- 1 100 1
Total 85 66.4 6 47 4 3.1 5 39 1 038 2 1.6 25 19.5 128

* Other: Includes family problems, personal reasons, distrust, lack of personal benefit, scheduling problems, refusal by a household
member on the potential participant’s behalf, and no reason given.
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C.3.c. Results for the Full Study Sample

Figure V.C-9 summarizes the willingness of those located alive in the Full Study Sample to agree
to participate during the course of the study.

Figure V.C-9. Agreement to Participate for the Full Study Sample (N =2141)
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Of the 2141 Full Study Sample potential participants located alive, 2128 (99.4%) were sent letters
requesting participation, and 2088 (97.5%) were contacted by telephone. A total of 1778 (83.0%) of those
located alive agreed to participate. Nineteen (0.9%) of those located alive were judged medically incapable
of participating by a close family member or guardian, or were found to be otherwise unable to participate.
Two hundred ninety-one of those located alive (13.6%) refused to participate in the study. Of those
agreeing to participate, 36 (1.7%) refused on the initial attempt, but were re-contacted a second time, and
agreed to participate on the second recruiting attempt. Forty-two (2.0%) of those located to an address
were unreachable by telephone. Table V.C-5 summarizes the recruiting experience for the Full Study
Sample.
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Table V.C-5. Summary of Agreement and Refusal for the Full Study Sample (N=2141)

% of % of
Contacted Letter
Contact Status No. by Phone Sent % of Total

Letter Sent 2128 -- 100.0 99.4
Unable to contact 40 -- 1.9 1.9
Contacted by phone 2088 100.0 98.1 97.5
Agreed, final 1778 85.2 83.6 83.0
- on first attempt 1742 83.4 81.9 81.4
- on second attempt 36 1.7 1.7 1.7
Refused, final 291 13.9 13.7 13.6
Unable to participate 19 0.9 0.9 0.9
Died prior to participation 11 -- -- 0.5
Ineligible 0 -- -- 0.0
Located with no contact 2 -- -- 0.1

Figure V.C-10 shows the proportion of Full Study Sample members located alive who agreed to
participate in the study, according to the five geostrata used in the Full Study Sample. The participation
rate was uniformly high and relatively similar across the areas. The lowest percentage was among those
born in Franklin County (80.0%), while the highest was among those born in Benton County (84.4%).

Figure V.C-10. Agreement to Participate for the Full Study Sample, by Geostratum (N=2141)
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Willingness to participate also did not differ substantially according to sex (85.1% for females vs.

81.0% for males) or year of birth (77.5% to 89.6%) (Figures V.C-11 and V.C-12). Similarly, the area of
current residence did not significantly influence the willingness to participate. Table V.C-6 shows the
reasons for non-participation by geographic area of current residence. Reasons given were similar to those
given in the Pilot and Transition Samples.
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Figure V.C-11. Agreement to Participate for the Full Study Sample, by Sex (N =2141)
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Figure V.C-12. Agreement to Participate for the Full Study Sample, By Year of Birth (N=2141)
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Table V.C-6.  Reason for Refusal/Withdrawal for the Full Study Sample, by Geographic Area of
Current Residence (N=291)

Reason for Refusal or Withdrawal

Not No

Area of Interested Illness or Unwilling  Opposedto  Insurance Thyroid

Current or No Time Impairment to Travel Study Concerns Disease Other* Total

Residence No. %  No. %  No. % No. % No % No. % No. % No.

All WA 86 64.2 9 6.7 2 1.5 5 3.7 1 07 0 - 31 231 134
Seattle 10 55.6 1 5.6 0 -- 1 5.6 1 56 0 -- 5 278 18
Everett 4 571 1 143 0 -- 0 -- 0 - 0 - 2 28.6 7
Tacoma 6 750 0 -- 0 -- 0 - 0 - 0 -- 2 250 8
Olympia 3 500 1 16.7 1 167 0 - 0 - 0 - 1 16.7 6
SW WA 6 66.7 0 -- 0 -- 1 111 0 -- 0 -- 2 222 9
Wenatchee 8 889 0 -- 0 -- 0 -- 0 -- 0 -- 1 111 9
Yakima 8 727 1 9.1 0 -- 0 -- 0 -- 0 -- 2 182 11
Spokane 12 60.0 3 150 0 - 0 -- 0 -- 0 -- 5 250 20
Tri-Cities 29  63.0 2 43 1 2.2 3 6.5 0 -- 0 - 11 239 46
SE WA 0 -- 0 -- 0 -- 0 -- 0 -- 0 -- 0 -- 0

Other NW 21 553 5 132 3 7.9 0 -- 0 -- 1 26 8 21.1 38

CA/HI 20 714 2 7.1 3 107 1 3.6 0 -- 0 -- 2 7.1 28

Southwest 17 63.0 5 185 1 3.7 2 7.4 0 0 0 0 2 7.4 27

Midwest 19 704 2 7.4 3 111 0 -- 0 -- 0 -- 3111 27

South 13 565 0 -- 7 304 0 -- 0 -- 0 - 3 130 23

East 10 833 1 83 0 -- 0 - 0 - 0 -- 1 8.3 12

Other 1 500 0 -- 1 500 0 - 0 -- 0 -- 0 -- 2

Total 187 643 24 82 20 6.9 8 2.7 1 03 1 03 50 172 291

* Other: Includes family problems, personal reasons, distrust, lack of personal benefit, scheduling problems, refusal by a household

member on the potential participant’s behalf, and no reason given.

C.3.d. Results for the Entire Study

A summary of the agreement to participate for the entire study is provided in Table V.C-7 and

shown in Figure V.C-13. In all, 4239 potential participants (97.4% of all living, located) were contacted by

telephone to request participation. An additional 93 (2.1% of all living, located) were located to an address,

and were sent one or more letters, but could not be contacted by telephone’. A total of 3564 potential

participants (84.1% of those who were contacted by telephone, 81.9% of all located, living) agreed on

either a first or a second attempt. Of those located alive, 634 (14.6%) refused to participate in the study.

Forty-one living located potential participants (0.9%) were determined to be unable to fully

participate and were consequently not included in the study regardless of willingness to participate.

Twenty-five were reported by others (parents, guardians or caregivers) to be incapable of participating due

to mental or physical/medical disability. In these cases, contact with the person directly was not possible

and could not be considered a refusal. Of the remaining 16, six were incarcerated out of state for the

duration of the study; three were not opposed to participating, but were living outside of the U.S. and had

no plans to return to the U.S. during the study; the remaining seven were either adopted, and/or did not

have sufficient information regarding residence history of the birth mother or their early childhood to

accurately assess residence/dose, and therefore would not have been evaluable (see section IV.B above for

definition of evaluable participant).

inther no phone number was available or multiple attempts to reach by phone resulted in no contact.
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Figure V.C-13. Final Agreement to Participate for the Entire Study (N = 4350)
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Table V.C-7. Summary of Agreement or Refusal for the Entire Study (N=4350)

% of
Contacted % of Letter

Contact Status No. by Phone Sent % of Total
Letter Sent 4329 -- 100.0 99.5
Unable to contact 90 -- 2.1 2.1
Contacted by phone 4239 100.0 97.9 97.4
Agreed, final 3564 84.1 82.3 81.9
- on first attempt 3446 81.3 79.6 79.2
- on second attempt 118 2.8 2.7 2.7
Refused, final 634 15.0 14.6 14.6
Unable to participate 41 1.0 0.9 0.9
Died prior to participation 16 -- -- 0.4
Ineligible 2 -- -- 0.0
Located with no contact 3 -- -- 0.1

Agreement to participate is shown by geostrata in Figure V.C-14. While those born in Ferry and
Stevens Counties had the lowest agreement rate at 74.5%, willingness to participate did not otherwise differ
substantially by geographic region of birth. Agreement rates from all other geographic strata ranged from
77.7-84.3%.
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Figure V.C-14. Final Agreement to Participate for the Entire Study, by Geostratum (N=4350)
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Agreement to participate is shown by sex for the entire study in Figure V.C-15. Women were
slightly more likely to agree than men, 83.5% and 80.4% respectively.

Figure V.C-15. Final Agreement to Participate for the Entire Study, by Sex (N = 4350)
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Willingness to participate did not vary appreciably by birth year, as shown in Figure V.C-16.
Agreement rates range from 78.8% to 86.6% for the seven years of birth (1940-1946), with no apparent
pattern.

Figure V.C-16. Final Agreement to Participate for the Entire Study, by Year of Birth (N=4350)
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Agreement to participate by area of current residence is shown in Figure V.C-17. A slight
variation was evident by region of the country. Agreement rates in the Midwest, Southern and Eastern
portions of the US ranged from 77.0-78.4%, whereas in the western U.S. they ranged from 82.1-83.1%.
Those living outside the U.S. had an agreement rate of 80.6%.

Figure V.C-17. Final Agreement to Participate for the Entire Study, by Geographic Region of
Current Residence (N=4350)
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The Regions in Figure V.C-17 were defined as follows:

Washington State

Cal/Hawaii: - California, Hawaii

Other Northwest: - Alaska, Idaho, Montana, Oregon, and Wyoming

Southwest: - Arizona, Colorado, Nevada, New Mexico, Texas, Utah

Midwest: - Illinois, Indiana, lowa, Kansas, Kentucky, Michigan, Minnesota,
Missouri, Nebraska, North Dakota, Ohio, South Dakota, Wisconsin

South: - Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North
Carolina, Oklahoma, South Carolina, Tennessee

East: - Connecticut, Delaware, Maine, Maryland, Massachusetts, New

Hampshire, New Jersey, New York, Pennsylvania, Rhode Island,
Vermont, Virginia, Washington D.C., West Virginia

C.3.d.1. Agreement on First Attempt vs. Second Attempt (conversions)

Of those who “ever agreed” (3862), 95.9% (3704) agreed on the first attempt while 4.4% (172)
agreed on the second attempt refusal conversion. Of all potential participants who “ever agreed,” those
agreeing on the second attempt were more likely to withdraw and/or never attend a clinic (39.5%),
compared to those who agreed on the first attempt, but withdrew or never attended a clinic (9.6%).
Nonetheless, it is still noteworthy that of the 172 potential participants whose initial refusal was converted
to an agreement on a second attempt, 104 (60.5%) did eventually attend clinics, making up 3% of all
participants attending clinics.

Table V.C-8 shows the reasons given for refusal or withdrawal, by geographic area of current
residence. Overwhelmingly, “Not Interested” and “No Time” were the main reasons cited for non-
participation, with 64.8% of all refusals falling into this category. The next highest category, at 7.6% (48
cohort members) was illness or impairment. In general, the reasons given did not vary significantly by
area of current residence, although fewer Washington State residences cited unwillingness to travel as
compared to those outside the state. Still, this reason accounted for only 30 (4.7%) refusals to participate.
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Table V.C-8. Reasons for Refusal or Withdrawal for the Entire Study, by Geographic Area of
Current Residence (N=634)

Reason for Refusal or Withdrawal

Not Legal or No
Area of Interested Illness or Unwilling  Opposedto  Insurance Thyroid
Current or No Time Impairment to Travel Study Concerns Disease Other* Total
Residence No. %  No. %  No. % No. % No. % No. % No. % No.
All WA 216 66.1 21 6.4 3 09 17 52 5 1.5 2 06 63 19.3 327
Seattle 28  63.6 2 4.5 0 -- 1 23 1 2.3 0 - 12 27.3 44
Everett 7 583 1 8.3 0 -- 1 8.3 0 - 0 - 3 25.0 12
Tacoma 11 733 0 -- 0 -- 0 - 0 -- 0 -- 4 26.7 15
Olympia 10 66.7 2 133 1 6.7 0 - 0 -- 0 -- 2 133 15
SW WA 12 66.7 0 -- 0 - 3 167 0 -- 0 -- 3 16.7 18
Wenatchee 19 792 3 125 0 - 0 -- 0 -- 0 -- 2 8.3 24
Yakima 14 538 3 115 1 3.8 1 3.8 2 7.7 0 0 5 19.2 26
Spokane 39 69.6 3 5.4 0 0 4 7.1 0 -- 1 18 9 16.1 56
Tri-Cities 75  64.7 7 6.0 1 0.9 7 6.0 2 1.7 1 09 23 19.8 116
SE WA 1 100 0 - 0 -- 0 - 0 - 0 - 0 -- 1
Other NW 51 573 9 10.1 5 5.6 2 2.2 2 2.2 2 22 18 20.2 89
CA/HI 35 648 8 148 4 7.4 2 3.7 1 1.9 0 -- 4 7.4 54
Southwest 30 69.8 5 116 2 4.7 3 7.0 0 -- 0 -- 3 7.0 43
Midwest 34 66.7 4 7.8 7 137 0 -- 0 -- 1 20 5 9.8 51
South 26 634 0 -- 8 195 0 -- 0 -- 0 -- 7 17.1 41
East 18  69.2 1 3.8 0 -- 1 3.8 0 - 1 38 5 19.2 26
Other 1 333 0 - 1 333 0 -- 0 - 0 -- 1 333 3
Total 411 648 48 7.6 30 47 25 3.9 8 1.3 6 09 106 16.7 634
* Other: Includes family problems, personal reasons, distrust, lack of personal benefit, scheduling problems, refusal by a household
member on the potential participant’s behalf, and no rea