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Chronic Lymphocytic Leukemia: Reconsideration of Exclusion from Eligibility for
Compensation under EEOICPA

Available scientific evidence does not provide sufficient grounds for continuing to regard
chronic lymphocytic leukemia (CLL) as a non-radiogenic form of cancer.

Biological Basis for Radiation-Induced CLL
Contemporary understanding of radiation carcinogenesis is grounded in our
understanding of the physical processes by which ionizing radiation influences neoplastic
transformation at a molecular level. While epidemiological findings contribute to the
scientific literature on radiation carcinogenesis, particularly risk assessments, conclusions
regarding ionizing radiation as a cause of human cancer are based upon a synthesis of
evidence from molecular and cytogenetic research, experimental studies in radiobiology,
epidemiology, and theoretical work on cancer causation. To date, NIOSH appears to
have given a relatively small amount of weight to the evidence regarding the mechanistic
understanding of radiation carcinogenesis as it applies to CLL pathogenesis, while giving
a relatively large amount of weight to evidence from observational (i.e., non-randomized)
epidemiological research in which analyses are susceptible to biases from selection,
confounding, and measurement error. This is an inappropriate weighting of evidence for
the evaluation of whether ionizing radiation exposure is a cause of CLL. Evidence
derived from research in fields other than epidemiology is important to an evaluation of
whether ionizing radiation is a cause of CLL, particularly given the limitations of the
epidemiologic literature on this topic.
Somatic mutations (along with functional aberrations in immune function) appear to play
a central role of in the pathogenesis of CLL (Stevenson et al. 1998; Magrath 1992).
Chromosomal abnormalities are detected in the majority of CLL cases (Stilgenbauer et al.
2002). The type of mutations observed in clonal cells obtained from CLL patients,
primarily deletions of chromosomal material, require double strand breaks of the
chromosomal DNA in order to occur (Dewald et al. 2003; Stilgenbauer et al. 2000). The
conclusion that these somatic mutations play a causal role in the etiology of CLL is
strengthened by the observation that two tumor suppressor genes that are inactivated as a
result of common CLL mutations, p53 and ATM, are established causal contributors to
malignant transformation.
It is well-established that ionizing radiation has the ability to produce double strand
breaks in chromosomal DNA (United Nations Scientific Committee on the Effects of
Atomic Radiation 2000). Therefore, ionizing radiation exposure could play a role in one
or more stages of the multi-stage process of neoplastic transformation that leads to CLL.
Further, it is plausible that some early stage mutational events may increase the
likelihood of ionizing radiation exposure influencing later stage transformations. For
example, in a considerable proportion of CLL clones (approximately 20%) the ATM gene
is mutated; the ATM gene product is known to be involved in the repair of DNA double
strand breaks (Dunst et al. 1998; Humphreys et al. 1989; Jones et al. 1995; Parshad et al.
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1985; Stilgenbauer et al. 2000) and mutations of this gene are associated with increased
vulnerability to the carcinogenic effects of ionizing radiation.
In summary, CLL is similar to other hematological malignancies whose pathogenesis
involves mutational changes at the molecular level that ultimately lead to malignant
transformation of a cell (Irons and Stillman 1996). Ionizing radiation has the ability to
produce mutations, including double strand breaks in chromosomal DNA. This evidence
regarding the molecular basis of CLL induction should contribute substantial weight to a
scientific evaluation of the question of whether ionizing radiation is a cause of CLL, with
this literature supporting the conclusion that ionizing radiation exposure can produce the
somatic mutations that contribute to the pathogenesis of CLL.
Limitations of Epidemiologic Evidence
The primary reason that NIOSH has given for exclusion of CLL from coverage under
EEOICPA is that there is minimal epidemiological evidence supporting the conclusion
that ionizing radiation exposure increases CLL risk. However, when evaluating
epidemiological findings it is important to recognize that some health outcomes are more
difficult to study with epidemiological methods than other health outcomes. In general,
rare diseases are more difficult to study than more common outcomes, because study
findings tend to be limited by low statistical power. Diseases that occur promptly after
exposure tend to easy to study in association with the exposure than diseases that have
protracted induction and latency periods; and, diseases that are highly fatal tend to be
easier to study than diseases that less fatal, since epidemiologists often rely upon cause of
death information. These are important considerations for understanding the limitations
of the epidemiological literature on CLL-radiation exposure associations.
Most studies in the epidemiological literature on CLL among radiation-exposed
populations include small numbers of CLL cases, and therefore provide results that suffer
substantial statistical uncertainty.
Many of these investigations fail to appropriately account for a protracted induction,
latency, and morbidity period between radiation exposure and CLL mortality.
Analytically, in order for an investigation of radiation-induced CLL mortality to detect an
effect, the study must encompass a period of follow-up that is long enough to allow for
an extended induction, latency and morbidity period after exposure occurs. Studies with
short duration of follow-up (e.g., 1 or 2 decades) could observe no effect of ionizing
radiation on CLL simply because the time from exposure to end of follow-up is less than
the minimal induction, latency, and morbidity period for radiation-induced CLL
mortality. Furthermore, the ability to detect an association, if one exists, requires relating
CLL incidence or mortality to exposures in the distant past using appropriate methods of
survival analysis. If the effect of radiation on CLL risk only becomes apparent many
years (or a few decades) after irradiation, then analyses conducted under relatively short
exposure lag assumptions may suffer serious exposure misclassification problems.
Nonetheless, many of the published studies have given minimal attention to evaluation of
protracted induction/latency periods in radiation-CLL analyses.
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Patients diagnosed with CLL often live many years without developing evidence of
significant symptoms, and many patients die with the disease, but from causes other than
CLL (Crespo et al. 2003). Consequently, CLL is not necessarily the underlying cause of
death recorded on a death certificate, and in fact, may not be indicated on the death
certificate at all. Furthermore, the direct repercussions or complications of CLL are often
non-specific, including immunodeficiency, and may increase the likelihood of infectious
or malignant disease, thereby increasing the opportunity for conditions other than CLL to
be recorded as the underlying cause of death. Therefore, case ascertainment may be poor
and partly obscured by competing causes of death.
Consequently, the epidemiological literature on radiation-CLL associations is
characterized by studies that have tended to very limited ability to detect associations
between radiation exposure and CLL.
CLL among Japanese A-bomb survivors
NIOSH has noted that “no elevation of CLL incidence had been observed among
Japanese A-bomb survivors” in the Life Span Study (LSS). However, for evaluation of
CLL risk following exposure to ionizing radiation, the LSS provides minimal information
because the incidence of CLL is extremely low in Asian populations (Finch and Linet
1992; Groves et al. 1995). For example, in analyses of cancer incidence during the
period 1950-1987 among 86,293 A-bomb survivors in the LSS cohort, only 4 CLL cases
were included. Given the small number of CLL cases, specific analyses of radiation-CLL
associations have not been reported (Preston et al. 1994; Tomonaga et al. 1993).
Much of the research published over the past 50 years on the effects of the atomic bomb
on CLL incidence and mortality in the LSS suffered problems of case misclassification
(Preston et al. 1994). Following an extensive review of hematological specimens for
leukemia cases identified during the period from 1945 through 1980 it was determined
that 7 of the 10 CLL cases registered during that period were, in fact, not CLL. These
were determined to be cases of acute T-cell leukemia (ATL), a relatively common disease
among Nagasaki residents regardless of their status as an A-bomb survivor.
Consequently, reports on radiation-CLL associations that are based on information
collected prior to this reclassification of leukemia are of questionable reliability due to
these problems of case misclassification.
CLL among workers in the nuclear industry
The epidemiological literature on cancer mortality among workers in the nuclear industry
provides minimal basis for evaluating the effects of external exposure to ionizing
radiation on CLL due to low statistical power. Among the largest of these occupational
cohort studies pertains to analyses that combined mortality information on 95,673 nuclear
industry workers in the United States, United Kingdom, and Canada (average cumulative
dose was 40 mSv). A negative association between ionizing radiation exposure under a
2-year exposure lag assumption and CLL mortality was observed (excess RR per Sv=0.95, 90%CI: -4.0, 9.4).
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However, it stretches the practical limits of epidemiology to expect to directly estimate
risk from occupational cohort data in which few cases are observed in the higher (e.g.,
>=100 mSv) dose range; of the 27 CLL cases observed in the international collaborative
study of nuclear workers, only 1 case was observed among workers who had >=100 mSv
cumulative dose (Cardis 1995). Furthermore, under a reasonable exposure lag
assumption for a slow-progressing disease like CLL (e.g., 20 years), the distribution of
CLL cases with respect to cumulative radiation dose would tend to shift further towards
zero. Such considerations underline the limited power of nuclear worker cohort studies
to derive radiation risk estimates for CLL mortality.
CLL among other radiation-exposed populations
Among the studies of other radiation-exposed populations, of particular importance,
given the size of the study cohort, duration of follow-up, and average magnitude of
radiation dose, are the results of a study of cancer mortality among approximately 14,000
British ankylosing spondylitis patients who were treated by x-irradiation between 1935
and 1954 (average bone marrow dose estimated as 4400 mSv). With vital status followup through 1991, it was found that these patients were more likely to have a death
attributed to CLL than members of the general population (observed=7, SMR=1.44, 95%
CI: 0.6, 2.8) (Weiss et al. 1995). Furthermore, consistent with expectations of long
latency and morbidity periods for CLL mortality, excess CLL mortality was observed
almost exclusively in the period 25+ years after irradiation (in contrast to acute and
myeloid leukemia, for which a peak in excess mortality was observed in the first five
years post-treatment). Under a 25-year exposure lag assumption, a two-fold excess of
CLL mortality was observed (observed=6, SMR=1.97, 95%: CI 0.7, 4.3) (Weiss et al.
1994).
The incidence of CLL was examined in a cohort of 20,204 Swedish patients who were
treated by radiotherapy between 1950-1964 for benign diseases of the locomotor system
such as ankylosing spondylitis, arthrosis, and spondylosis (average bone marrow dose
estimated as 400 mSv) (Damber et al. 1995). In comparison to the British ankylosing
spondylitis patients, the radiation doses delivered to these patients were typically an order
of magnitude lower and only small parts of the body were irradiated (Damber et al.
1995). Patients were classified into three groups based on estimated radiation doses
(<0.20, 0.20-0.50, and >0.50 Gy); and, standardized incidence ratios (SIRs) were
calculated under a 0-year exposure lag assumption (there was no evaluation of variation
in cancer risk with time since irradiation). There was a slight deficit of CLL among
patients who received the lowest radiation doses (observed=19, SIR=0.94, 95%CI: 0.6,
1.5) and a small excess of CLL among patients in the upper two dose groups
(observed=15, SIR=1.17, 95% CI: 0.7, 1.9 and observed=16, SIR=1.18, 95% CI: 0.7, 1.9,
respectively).
Among 12,955 female patients who were treated by radiotherapy for benign
gynecological disorders (median dose to active bone marrow estimated as 1200 mSv),
CLL mortality rates (pooled together with lymphatic leukemia not otherwise specified,
LL) were elevated when compared to general population mortality rates (observed=17,
SMR=1.8, 95%CI: 1.0, 2.9) (Inskip et al. 1993). Consistent with expectations of a
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protracted latency and morbidity period, there was no excess of CLL mortality in the first
10 years of follow-up (observed=1, SMR=0.93, 95% CI: 0.0, 5.2). In subsequent decades
after irradiation, however, there was an excess of CLL mortality among irradiated
patients. Under 20 and 30-year exposure lag assumptions, the ratios of observed to
expected CLL deaths were 1.64 (observed=10, 95% CI: 0.8, 3.0) and 2.2 (observed=7,
95% CI: 0.9, 4.5), respectively. A comparison was also drawn using an internal referent
population (a group of 3185 patients with treatments other than radiotherapy).
Comparisons between irradiated and non-irradiated patients by leukemia sub-type
produced highly unstable results due to the small number of leukemia cases in the nonirradiated group. The overall rate ratio for CLL comparing irradiated to non-irradiated
patients was 1.1 (90%CI: 0.5, 3.0); under 20- and 30-year exposure lag assumptions, the
rate ratios for CLL comparing irradiated to non-irradiated patients were 1.3 and 2.3,
respectively.
Investigations of CLL mortality among women treated by radiotherapy for excessive
uterine bleeding (metropathia hemorrhagica) (Darby et al. 1994) and women treated by
radiotherapy for infertility or amenorrhea (Ron et al. 1994a) have not reported on the risk
of CLL following irradiation due to the small numbers of CLL cases (1 and 2 CLL
deaths, respectively) observed in these cohorts.
In a cohort study of second cancers following radiotherapy for invasive cancer of the
uterine cervix among 182,040 women (average bone marrow dose was estimated as 7100
mSv), the observed and expected number of second cancers were examined (Boice et al.
1985). In the first decade after irradiation there were fewer than expected cases of CLL
(observed=9, O/E=0.7, 95% CI: 0.3, 1.3), while under a 20-year exposure lag assumption
a small excess of CLL mortality was reported (observed=3, O/E=1.25, 95% CI: 0.3, 3.7).
A case-control study of secondary cancers following radiotherapy for invasive cancer of
the uterine cervix was conducted building upon this cohort analysis (Boice et al. 1987).
The study included leukemia cases that were diagnosed at least 1 year after diagnosis of
cervical cancer with four controls matched to each case. CLL incidence among patients
treated by radiotherapy was compared to CLL incidence among patients treated by other
means. No excess of CLL was observed when comparing patients treated by
radiotherapy to other patients (RR=1.03, 90% CI: 0.3, 3.9). Reported results pertain to a
1-year exposure lag assumption.
In case-control studies of leukemia following radiotherapy for invasive cancer of the
uterine corpus (Curtis et al. 1994) and breast cancer (Curtis et al. 1989), leukemia cases
were identified between 1935 and 1985 using cancer registry data and controls were
matched by cancer registry, age and year of diagnosis, and race. Among patients treated
for cancer of the uterine corpus, the RR for CLL comparing patients treated by
radiotherapy to others was 0.90 (95% CI 0.4, 1.9). Among patients treated by
radiotherapy for breast cancer, the RR for CLL comparing patients treated by
radiotherapy to others was 1.84 (95% CI 0.5, 6.7). Neither of these studies reported on
evaluation of variation in the association between CLL and radiotherapy treatment with
time-since-treatment.
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Summary and Conclusions
NIOSH commented that “NIOSH does not assert that evidence proves CLL is nonradiogenic, only that the weight of evidence has not supported the case for radiogenicity.”
In fact, the scientific evidence pertaining to the molecular mechanisms of CLL induction
weighs heavily towards the conclusion that CLL is similar to other hematological
malignancies whose etiology involves structural changes on the chromosomal level that
cause mutational changes on the molecular level, altering important cellular functions,
and, ultimately, leading to malignant transformation of a cell. The weight of this
scientific evidence is in support of the conclusion that the somatic mutations that
contribute to the genesis of CLL can be produced by ionizing radiation exposure.
As NIOSH has noted, epidemiological studies of cancer among A-bomb survivors
provide little basis for determination of whether radiation exposure is a cause of CLL.
Recent analyses of cancer incidence over the period 1950-1987 include only 4 CLL
cases; given the small number of CLL cases, specific analyses of radiation-CLL
associations have not been reported (Preston et al. 1994; Tomonaga et al. 1993). NIOSH
has compiled a bibliography of epidemiological literature related to the topic of CLL
radiogenicity. This bibliography includes a large number of occupational cohort studies;
as noted above, findings derived from occupational cohort studies are characterized by
extremely low statistical power to address the question of whether radiation exposure
causes CLL. Of less direct relevance to the EEOICPA than occupational cohort studies
are studies that examine CLL following medical irradiation. Analyses of British
ankylosing spondylitis patients treated by radiotherapy cannot be taken as persuasive
evidence against radiation-effects on CLL mortality. In fact, there is a 44% excess of
CLL mortality among ankylosing spondylitis patients compared to the general
population. The fact that CLL deaths occurred much later than the deaths due to acute
and myeloid leukemias may reflect the typically prolonged latency and morbidity period
for CLL cases. Studies of patients treated for benign gynecological disease cannot be
taken as persuasive evidence that CLL is non-radiogenic. Inskip et al. report an 80%
excess of CLL mortality among patients treated by radiotherapy for benign gynecological
disorders compared to the general population. Internal comparisons of CLL among
irradiated and non-irradiated patients resulted in a very small estimate of CLL risk
bounded by wide confidence intervals reflecting the small size of the non-irradiated
comparison group. The difference in CLL mortality between irradiated and nonirradiated patients was of largest magnitude for the period 30+ years post-irradiation.
While the internal referent group was extremely small, and consequently these results are
highly imprecise, this pattern is consistent with expectations of an extended induction,
latency and morbidity periods. Studies of radiotherapy treatment for malignant disease
(cervical, uterine, and breast cancer) suggest that CLL is not associated with high dose
radiotherapy. However, there are significant limitations to these studies. The most
notable of these is the absence of evaluation of variation in radiation-CLL risk with timesince-exposure. In addition overmatching could have forced comparability of exposure
status between cases and controls (thereby minimizing ability to detect the effect of
radiotherapy treatment). Further, in studies of patients irradiated as treatment for a
previous cancer the radiation doses delivered tend to be extremely high and localized
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with the intended effect of cell killing in the irradiated area, which effectively prevents
cancer induction and may attenuate any evidence of a dose-response relationship; and,
patients being treated for an existing cancer may receive chemotherapy in conjunction
with radiotherapy that may influence subsequent cancer incidence. The epidemiologic
evidence regarding the radiogenicity of CLL is relatively weak; it should not be given a
disproportionate weight (relative to evidence from other scientific disciplines) when
drawing conclusions regarding whether ionizing radiation is a cause of CLL. Given the
limitations of the reviewed epidemiologic studies, these findings do not offer a persuasive
basis for concluding that CLL is an exception to general principles of radiation
carcinogenesis.
NIOSH has noted the inconsistency of classifying as eligible for compensation all subtypes of lymphatic malignancies other CLL, despite the similarities shared by some of
these diseases. For example, the Revised European American Lymphoma classification
scheme, which is widely accepted and was adopted by the World Health Organization,
considers B-cell CLL and small lymphocytic lymphoma (SLL, a sub-type of nonHodgkin’s lymphoma) to be a single disease entity, in recognition of the biological and
clinical similarities between these B-lymphocyte malignancies (Harris et al. 1999).
Consequently, there is a problem of logical inconsistency if the EEOICPA continues to
assert that CLL is non-radiogenic while SLL is radiogenic. Contemporary classification
schemes hold that B-cell CLL and SLL are a single disease entity.
Conclusion
Available scientific evidence suggests that CLL incidence will be increased by exposure
to ionizing radiation. Scientific evidence does not provide a sufficient basis for regarding
CLL as non-radiogenic.

David Richardson

Page 8

November 2004

REFERENCES
Boice JD, Jr., Day NE, Andersen A, Brinton LA, Brown R, Choi NW, et al. 1985. Second
cancers following radiation treatment for cervical cancer. An international collaboration
among cancer registries. J Natl Cancer Inst 74:955-975.

Boice JD, Jr., Blettner M, Kleinerman RA, Stovall M, Moloney WC, Engholm G, et al.
1987. Radiation dose and leukemia risk in patients treated for cancer of the cervix. J Natl
Cancer Inst 79:1295-1311.

Cardis E, Gilbert E, Carpenter L, Howe G, Kato I, Fix J, Salmon L, Cowper G,
Armstrong B, Beral V, Douglas, A, Fry S, Kaldor J, Lave C, Smith P, Voelz G, Wiggs L.
Combined Analyses of Cancer Mortality Among Nuclear Industry Workers in Canada,
the United Kingdom and the United States of America. IARC Technical Report No. 25.
Lyon, France: World Health Organization, International Agency for Research on Cancer,
1995.

Crespo M, Bosch F, Villamor N, Bellosillo B, Colomer D, Rozman M, et al. 2003. ZAP70 expression as a surrogate for immunoglobulin-variable-region mutations in chronic
lymphocytic leukemia. New England Journal of Medicine 348:1764-1775.

Curtis RE, Boice JD, Jr., Stovall M, Flannery JT, Moloney WC. 1989. Leukemia risk
following radiotherapy for breast cancer. Journal of Clinical Oncology 7:21-29.

David Richardson

Page 9

November 2004

Curtis RE, Boice JD, Jr., Stovall M, Bernstein L, Holowaty E, Karjalainen S, et al. 1994.
Relationship of leukemia risk to radiation dose following cancer of the uterine corpus. J
Natl Cancer Inst 86:1315-1324.

Damber L, Larsson LG, Johansson L, Norin T. 1995. A cohort study with regard to the
risk of haematological malignancies in patients treated with x-rays for benign lesions in
the locomotor system. I. Epidemiological analyses. Acta Oncol. 34:713-719.

Darby SC, Reeves G, Key T, Doll R, Stovall M. 1994. Mortality in a cohort of women
given X-ray therapy for metropathia haemorrhagica. Int J Cancer 56:793-801.

Department of Health and Human Services. 2002. Guidelines for Determining the
Probability of Causation and Methods for Radiation Dose Reconstruction Under the
Employees Occupational Illness Compensation Program Act of 2000; Final Rules. Fed.
Regist. 42 CFR Parts 81 and 82.

Dewald GW, Brockman SR, Paternoster SF, Bone ND, O'Fallon JR, Allmer C, et al.
2003. Chromosome anomalies detected by interphase fluorescence in situ hybridization:
correlation with significant biological features of B-cell chronic lymphocytic leukaemia.
Br J Haematol 121:287-295.

David Richardson

Page 10

November 2004

Dunst J, Neubauer S, Becker A, Gebhart E. 1998. Chromosomal in-vitro radiosensitivity
of lymphocytes in radiotherapy patients and AT-homozygotes. Strahlenther Onkol
174:510-516.

Finch SC, Linet MS. 1992. Chronic leukaemias. Baillieres Clinical Haematology 5:2756.

Groves FD, Linet MS, Devesa SS. 1995. Patterns of occurrence of the leukaemias.
European Journal of Cancer 31A:941-949.

Harris NL, Jaffe ES, Diebold J, Flandrin G, Muller-Hermelink HK, Vardiman J, et al.
1999. World Health Organization classification of neoplastic diseases of the
hematopoietic and lymphoid tissues: report of the Clinical Advisory Committee meetingAirlie House, Virginia, November 1997. Journal of Clinical Oncology 17:3835-3849.

Humphreys MW, Nevin NC, Wooldridge MA. 1989. Cytogenetic investigations in a
family with ataxia telangiectasia. Hum Genet 83:79-82.

Inskip PD, Kleinerman RA, Stovall M, Cookfair DL, Hadjimichael O, Moloney WC, et
al. 1993. Leukemia, lymphoma, and multiple myeloma after pelvic radiotherapy for
benign disease. Radiat Res 135:108-124.

David Richardson

Page 11

November 2004

Irons RD, Stillman WS. 1996. The process of leukemogenesis. Environmental Health
Perspectives 104 Suppl 6:1239-1246.

Jones LA, Scott D, Cowan R, Roberts SA. 1995. Abnormal radiosensitivity of
lymphocytes from breast cancer patients with excessive normal tissue damage after
radiotherapy: chromosome aberrations after low dose-rate irradiation. Int J Radiat Biol
67:519-528.

Magrath I. 1992. Molecular basis of lymphomagenesis. Cancer Research 52:5529s5540s.

Parshad R, Sanford KK, Jones GM, Tarone RE. 1985. G2 chromosomal radiosensitivity
of ataxia-telangiectasia heterozygotes. Cancer Genet Cytogenet 14:163-168.

Preston DL, Kusumi S, Tomonaga M, Izumi S, Ron E, Kuramoto A, et al. 1994. Cancer
incidence in atomic bomb survivors. Part III. Leukemia, lymphoma and multiple
myeloma, 1950-1987. Radiat Res 137:S68-97.

Ron E, Boice JD, Jr., Hamburger S, Stovall M. 1994a. Mortality following radiation
treatment for infertility of hormonal origin or amenorrhoea. Int. J. Epidemiol. 23:11651173.

David Richardson

Page 12

November 2004

Stevenson F, Sahota S, Zhu D, Ottensmeier C, Chapman C, Oscier D, et al. 1998. Insight
into the origin and clonal history of B-cell tumors as revealed by analysis of
immunoglobulin variable region genes. Immunological Reviews 162:247-259.

Stilgenbauer S, Lichter P, Dohner H. 2000. Genetic features of B-cell chronic
lymphocytic leukemia. Rev Clin Exp Hematol 4:48-72.

Stilgenbauer S, Bullinger L, Lichter P, Dohner H. 2002. Genetics of chronic lymphocytic
leukemia: genomic aberrations and V(H) gene mutation status in pathogenesis and
clinical course. Leukemia 16:993-1007.

Tomonaga M, Matsuo T, Carter RL, Bennett JM, Kuriyama K, Imanaka F, et al. 1993.
Differential effects of atomic bomb irradiation in inducing major leukemia types:
analyses of open-city cases including the life span study cohort based upon updated
diagnostic systems and the dosimetry system 1986 (DS86).

United Nations Scientific Committee on the Effects of Atomic Radiation. 2000. Sources
and Effects of Ionizing Radiation. vol II: Effects. New York:United Nations.

Weiss HA, Darby SC, Doll R. 1994. Cancer mortality following X-ray treatment for
ankylosing spondylitis. Int J Cancer 59:327-338.

David Richardson

Page 13

November 2004

Weiss HA, Darby SC, Fearn T, Doll R. 1995. Leukemia mortality after X-ray treatment
for ankylosing spondylitis. Radiat Res. 142:1-11.

