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Errata

Akiba S, Lubin J, Ezaki H, Ron E, Ishimaru T, Asano M, Shimizu Y,
Kato H: Thyrmd cancer 1nc1dence among atomic bomb survivors, 1958-79.
RERF TR 5-91

Please note corrections, which are set in boldface type.

Page 5, line 4 of third paragraph:
“ .. radiation effect was 1.1 ERR/Gy. .. .”

Page 5, line 5 of fifth paragraph:
.(RR =[1+ 3.0 x dose] exp [-0.4 x dose]).”

Page 9, last line of first full paragraph:
“. .. the same under about 1 Gy (Table 4)."
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Summary

One hundred and twelve cases of thyroid cancer diagnosed during the period
195879 among the extended Life Span Study cohort in Hiroshima and Nagasaki
were studied. There was a statistically significant association between thyroid
cancer incidence and exposure to atomic bomb radiation. The adjusted excess
relative risk (ERR) per gray was 1.1 (95% confidence interval = 0.3— 2.5) and the
adjusted absolute risk per 10* PYGy was 0.59 (95% confidence interval =
0.2-1.7). Based on a comparison of the deviances obtained from relative and
absolute risk models, a simple linear relative risk model appeared to fit the data
better than an absolute risk model; however, it would not be appropriate to
conclude that the data conform strictly to a relative risk pattern.

The incidence of thyroid cancer among the members of the Adult Health
Study (AHS) population, who have received biennial medical examinations at
the Atomic Bomb Casualty Commission and its successor, the Radiation Effects
Research Foundation, since 1958, was 70% higher than that among the rest of
the extended LSS cohort after adjustments for city, sex, log age, calendar year,
and Dosimetry System 1986 dose. There was no significant difference between
the slope of the dose-response curve for AHS and non-AHS participants, al-
though the estimated ERRs at 1 Gy for the AHS and non-AHS populations were
1.6 and 0.3, respectively. The elevated risk appeared to be confined to women,
and there was an increasing risk with decreasing attained age and age at
exposure.

¥This technical report is based on Research Protocal 1-80. The full Japanese text will be
available separately; approved 22 July 1991; printed June 1992.

1Department of Epidemiology, RERF; ?Biostatistics Branch, National Cancer Institute,
National Institutes of Health, Bethesda, Maryland; ®*Consultant, Department of Clinical
Studies, RERF; 4presently at the Radiation Epidemiology Branch, National Cancer Insti-
tute, Bethesda, Maryland; 5Clinical Laboratories, National Medical Center Hospital,
Tokyo; 8Consultant, Department of Epidemiology, RERF, and National Institute for
Minamata Disease, Minamata. '
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Introduction

As early as the late 1950s, an apparent association between thyroid cancer
and whole body x-irradiation was reported among atomic bomb (A-bomb)
survivors.!? Systematic studies of thyroid cancer were initially carried out
among Adult Health Study (AHS) participants. The AHS population makes up
about a 20% sample of the Life Span Study (LSS) cohort, which consists of
Hiroshima and Nagasaki A-bomb survivors and unexposed comparison sub-
jects. Participants in the AHS have been medically examined every 2 years
since 1958, and the presence of neck tumors was determined by physicians’
palpation. The first study of thyroid cancer incidence was conducted by
Hollingsworth et al.,* who identified 12 cases diagnosed between 1958 and
1959 among the 5,600 AHS participants in Hiroshima. The prevalence of
thyroid cancer was higher among survivors exposed within 1.5 km of the
hypocenter than among those exposed more distally. Subsequent studies of
the AHS population confirmed the findings of this first report and also
revealed a higher risk of thyroid cancer among persons exposed at younger
ages at the time of the bombings (ATB).4-8

More recently, three studies of the extended LSS cohort, using the revised
Tentative 1965 Dose (T65DR) system, have been published. Wakabayashi et
al.” restricted their analyses to Nagasaki, and Ezaki et al.® limited theirs to
Hiroshima, whereas Prentice et al.® used data from different periods in
Hiroshima (1959-70) and Nagasaki (1959-78). The present study includes all
thyroid cancer cases ascertained between 1958 and 1979 among the LSS
population of both Hiroshima and Nagasaki. The revised Dosimetry System
1986 (DS86) has been used in this analysis.

Materials and Methods

Study subjects

After 15,509 persons without DS86 doses were excluded, the study population
included a subsample of 60,929 subjects of the extended LSS population who were
in Hiroshima or Nagasaki ATB and who were alive and not known to have thyroid
cancer onJanuary 1, 1958, when both the AHS and the Nagasaki Tumor Registry
were established. (The Hiroshima Tumor Registry was started in 1957.) The
60,929 study subjects contributed 1,170,899 person-years of follow-up. In this
report the 36,613 persons exposed to a thyroid dose 2 0.01 Gy are designated as
the exposed population, whereas the 24,316 people who received a thyroid dose
of <0.01 Gy are referred to as the comparison population. Because of the condi-
tions prevalent during the war, 61% of the cohort is female (62% among the
exposed and 59% among the comparison subjects).

Tumor ascertainment

Incident thyroid cancers (ICD 8 code: 193) were ascertained through the
Hiroshima and Nagasaki tumor and tissue registries, as well as from the Atomic
Bomb Casualty Commission (ABCC)-Radiation Effects Research Foundation
(RERF) mortality and autopsy files. Occult thyroid cancer cases that had been
diagnosed clinically or at autopsy were excluded from our study. Tissue speci-
mens were obtained for 87 (78%) of the cases. These specimens were microscopi-
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cally reexamined and histologically classified by two pathologists (H.E. and M.A.)
in Hiroshima and Nagasaki, who used similar criteria for their diagnoses.!’

Dose estimation :

The revised dose system, DS86, which became available in 1989, was used
in these analyses. DS86 does not make use of a constant transmission factor.
The transmission factor for the thyroid gland was 0.85 for gamma rays, 0.41
for neutrons, and 0.43 for neutron-capture gamma rays.!! The total dose was
obtained as a sum of the gamma dose and the neutron dose, assuming a
relative biological effectiveness (RBE) of neutrons = 1. More-detailed deserip-
tions of DS86 are available elsewhere.!? As in other ABCC-RERF studies,
doses above 6 Gy have been truncated so that the dose-response estimate will
not be unduly influenced by a small number of subjects with extremely high
dose estimates.!?

Statistical methods

For the analyses described below, the data for thyroid cancer mortality were
cross-classified by city, sex, age ATB (<1, 1-4, 5-9, 10-14, 15-19, 20-29, 30-39,
40-49, 50-59, >60 years), estimated thyroid dose in gray (<0.01, 0.01-0.09,
0.1-0.19, 0.2-0.29, 0.3-0.39, 0.4-0.49, 0.5-0.99, 1.0-1.99, 2.0-2.99, 3.0-3.99,
>4.0 Gy), participation in the AHS, and calendar year intervals (1958-59, 1960-
64, 1965—-69, 1970-74, 1975-79). For each cell of the cross-classification, the
number of observed thyroid cancers and person-year-weighted means were com-
puted using the DATAB computer program.'* The cross-classification included
3,858 cells with nonzero person-years.

Poisson regression models were used to fit excess relative risk (ERR) and
absolute risk (AR) models. Maximum likelihood parameter estimates, likelihood
ratio tests for nested models, and likelihood-based confidence intervals were
obtained using the AMFIT regression program.'*

We first assume that the disease rate, r(x,z,d), depends on the estimated
radiation dose d, a vector of covariates x (city, sex, year interval, AHS participa-
tion status, and the natural logarithm of age) that describes the disease rate at
background exposure level (thyroid dose < 0.01 Gy), and covariates z that affect
the dose-response relationship. Under a relative risk model, if the dose response
is linear in dose alone, the resulting model is the linear excess relative risk

(RR — 1) model,
nxd) = roxX1 + Bd) , (1)

where B is a parameter that measures the increase in excess relative risk per unit
increase in d, and ry is the background disease rate depending on the x variables.
In fitting models, p was constrained to be nonnegative.

Deviations from this linear model are evaluated by fitting alternative models
that contain the linear model, such as the linear-exponential dose-response
model,

i, d) = rolxX1 + Bd)e™ | (2)
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where 0 is a parameter that measures the concavity of the dose-response rela-
tionship. A test of nonlinearity in the dose-response relationship is carried out
with a likelihood ratio test of the null hypothesis 6 = 0.

The dose-response trend, B, may be modified by other factors, such as age at
exposure, time since exposure, sex, and so on; that is, z is an effect modifier.
Suppose 2z, which may be a component of x, has J categories with values zy, . . .,
z;. Effect modification of the dose response with levels of z is assessed by
comparing the deviance of the linear model (1) and the deviance of model (3),
which includes J dose-response parameters:

r(x,d) = ro(xX1 + Bid) | (3)

where B;is the excess relative risk per gray (ERR/Gy) within category z;. Under
the null hypothesis of no effect modification, the difference in the model devi-
ances has a chi-square distribution with JJ — 1 degrees of freedom. A significant
p value indicates that the effect of radiation on thyroid cancer incidence is not
homogeneous across levels of 2.

The absolute or excess risk (AR) model is an alternative to the relative risk
model. In this instance an excess risk model with a linear dose response takes
the form

r(x,d) = ro(x) + Bd , (4)

where B is the excess absolute disease rate per gray (AR/PYGy). Deviations of
model (4) from linearity can be tested using a linear-exponential excess risk
model:

Hx,d) = rox) + Bd xe™** . (5)

The linear relative risk model (1) and the absolute risk model (4) are not
nested models and so cannot be directly compared for model fit using differ-
ences in their deviances, although complex bootstrap methods for comparing
these models are available.'® However, without relying on rigorous statistical
criteria, it is reasonable to suggest that the fit with the lower deviance is the
“better” one.

Data were also fit using a model that allows for a smooth change in the
dose-response trend with attained age (@), time since exposure (£), or age at
exposure (f). Specifically, the following model was fit:

rxd)=ro(l+Bxdxa xtexf%) . (6)

The various models were compared to the simple linear model (y; = 1, = v3 = 0).
In the models, attained age is divided by the mean age (47.3 years).

Results

Among the 60,929 persons included in a subsample of the extended LSS
population with calculated DS86 doses, 112 cases of thyroid cancer were
diagnosed between 1958 and 1979. A pathology review of the original tissue
specimens for 87 (78%) of the 112 cases revealed that all but 3 cases were of
the papillary type.
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Table 1 presents the summary data by dose category and AHS participation.
The mean thyroid radiation dose among the exposed population was 0.258 Gy,
and the thyroid cancer incidence rate for all study subjects was 0.96/10%,
Seventy-nine cases occurred among the exposed subjects (rate = 1.12/10%) com-
pared to 33 among the comparison population (rate = 0.71/10%). Based on the data
from the Hiroshima and Nagasaki tumor registries, the expected number of cases
among the comparison population was 31.

Table 2 summarizes the data by sex. Females had an adjusted thyroid cancer
risk that was 3.7 times higher than that for males.

Dose response

With city, sex, calendar year (5 categories), AHS status, and the continuous
variable log age included in the background term, relative and absolute risk
models were evaluated (Table 3). The relative risk increased fairly monotonically
with thyroid dose. The estimated radiation effect was 0.011 ERR/Gy (95%
confidence interval = 0.3-2.5) based on the relative risk model and 0.59 cases per
10,000 PY-Gy (95% confidence interval = 0.0, 1.45 per 10*) based on the excess
risk model. Restricting the analysis to persons exposed to lower doses did not
significantly alter the risk estimates, although there was a tendency for them to
be slightly higher.

When the deviances were compared, a linear relative risk model appeared to fit
the data somewhat better than an excess risk model. The difference in deviances for
these nonnested models for all of the data was 6.6, with the relative risk model
having the lower deviance. When the data were restricted to progressively lower
doses, the relative risk models had lower deviances ranging from 3 to 8. However,
with the large number of cells in the cross-classification, it would be inappropriate
to suggest that the data conform strictly to a relative risk pattern.

Under a relative risk model, Table 3 suggests that there may be some nonlin-
earity in the dose response for the relative risk model (p = .13). Figure 1 shows a
plot of the adjusted relative risk estimates by dose categories and the fitted
curves for a linear excess relative risk model (RR = 1 + [1.1 x dosel), and a
linear-exponential model (RR = 1 + [3.0 x doselexp[-0.4 x dose]). The concavity
of the dose-response relationship is strongly influenced by zero cases for doses
above 3 Gy. Restricting the data to less than 3 Gy removes any suggestion of
nonlinearity (Table 8 and Figure 1). For data restricted to less than 3 Gy, the
excess risk per gray was 1.6, which was well within the confidence bounds for the
dose-response estimate based on all of the data.

Effect modification

City. The thyroid cancer disease rates by city ATB were similar for exposed
and comparison subjects, as were the dose-response estimates.

AHS participation. Since the AHS sample was weighted toward higher
exposures and participants are screened regularly, some as often as every 2
years, analyses were done separately by AHS status, as well as by adjusting for
AHS status in the background rate, ro. The thyroid cancer incidence rate,
adjusted for age, sex, city, calendar year, and radiation dose, was 1.7 times that
of the non-AHS population. In addition, there was no significant variation in the
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Table 3. Comparison of relative and absolute risk models and an evaluation of
linearity of risk with dose

Relative risk model Absolute risk model
Data p value for AR/10* p value for
restriction ERR/Gy 95% Cl nonlinearity PYGy 95% C| nonlinearity
None 1.1 0.3,25 13 0.59 0.2, 1.7 .35
<3 Gy 1.6 0.4, 2.7 .99 0.97 0.4,22 .45
<2 Gy 1.6 0.6, 3.9 .53 0.83 0.3,2.3 .94
<1 Gy 2.0 0.8,5.9 75 1.09 0.4,3.3 .38
<0.5 Gy 2.4 0.7, 8.7 i 0.88 0.2,5.8 .14
<0.3 Gy 1.2 0.0,41.4 .56 ¥ * "

NOTE: ERR/Gy = excess relative risk per gray.
*A nonnegative parameter estimate could not be obtained.

12
15.9
10
B8
x
A
° 6 RR =1 + (1.6 x dose) (<3.0)
Z -
s
& RR=1+1.1 x dose
4_.
8| | ettt s e i
2_ hhhhhh
RR = (1 + 3.0 x dose)exp(-0.4 x dose)
G . 1 | T . 2 T T
0 s 2 3 4 5

Radlation dose (Gy)

Figure 1. Relative risks (RR) by dose based on atomic bomb survivor data, The risks
have been adjusted for city, sex, calendar year, log age, and Adult Health Study
participation. The bars represent the 95% confidence intervals.
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thyroid cancer rate by year within the AHS group; the crude yearly disease rates
per 10,000 PY for 1958-59, 1960-64, 1965-69, 1970-74, and 1975-79 were 1.52,
2.30, 1.70, 0.95, and 2.01 for the AHS group and 0.83, 0.80, 0.79, 0.93, and 0.54
for the non-AHS group.

As Table 1 shows, the dose distributions for the AHS and non-AHS partici-
pants were quite different. Thirteen percent of the AHS group was exposed to
doses of 1 Gy or more compared to only 1.5% of the non-AHS group. Because no
thyroid cancer cases were observed among non-AHS subjects exposed to >1 Gy,
the trend parameter for the total non-AHS group was lowered. Yet the difference
in the ERR/Gy by AHS status was not statistically significant, and the dose
response was virtually the same under about 1 Gy Table 4).

Gender. After adjusting for age, year, city, and AHS status, females were at
3.7 times greater risk of thyroid cancer than were males. There was a significant
radiation effect among females, with a 1.7-fold increase in the ERR/Gy (Table 5).
Based on only 15 cases, no trend in males was observed. In fact, the crude rate
in the exposed group (0.20/10*) was nonsignificantly lower than that in the
comparison group (0.54/10%).

Time-related factors. Table 5 suggests a decreasing risk of thyroid cancer
with increasing attained age and age at exposure. Effect modification was
statistically nonsignificant using categories (model 3) but was significant
using continuous variables (model 6). No significant variation with time since
exposure, after adjusting for age and other factors in the background risk, was
observed (Table 5). The ERR/Gy peaked 15-19 years after exposure, then
declined; however, the variation in risk was not significant. When the analy-
ses were repeated with the data restricted to under 3 Gy, the pattern and
magnitude of risk remained virtually the same.

With log age in the background, the effect of exposure was significantly
modified by attained age and age at exposure (Table 6). The excess relative risk
declined with about the square of age. Age and age at exposure accounted for a
similar improvement in the fit of the model to the data, but including both in the
model did not enhance the fit.

Table 4. Comparison of the excess relative risk per gray (ERR/Gy) among Adult
Health Study (AHS) and non-AHS participants

p value for

AHS participants, Non-AHS homogeneity of

Data restriction ERR/Gy participants, ERR/Gy ~ AHS/non-AHS
All data 1.6 (0.6, 4.7) 0.3 (0.0, 11.6) 25
<3 Gy 2.4 (0.9, 6.6) 0.6 (0.1, 6.6) 21
<2 Gy 2.1 (0.7, 6.8) 0.9 (0.1, 6.2) A4
<1 Gy 2.2 (0.5, 10.0) 2.0 (0.5, 7.5) .84
<0.5 Gy 3.7 (0.5, 20.3) 1.8 (0.2, 13.7) .65
<0.3 Gy 0.2 (0.0, e) 1.5 (0.0, 50.4) .75

NOTE: The values within parentheses are the 95% confidence intervals.



RERF TR 5-91

Table 5. Thyroid cancer risk and effect modification

p value for

Crude rate Crude rate homogeneity

No. of among among
cases exposed comparisons ERR/Gy? Categ. Contin.

Overall 112 1.12 0.70 1) s
City .58 —
Hiroshima N 1.16 0.76 0.9
Nagasaki 21 1.01 0.49 1.7
AHS participation .25 —
AHS 39 2.36 0.98 1.6
Non-AHS 78 0.85 0.64 0.3
Gender .05 —
Male 15 0.20 0.54 0.0
Female 97 1.66 0.82 1.7
Age at exposure (yr) 12 .02
<5 8 0.54 0.34 6.4
5-9 4 0.43 0.24 3.7
10-19 28 1.07 0.58 2.1
20-29 21 Ti%d 1.27 0.7
30-39 22 1.67 0.40 0.9
>40 34 1.51 1.09 0.0
Attained age (yr) 14 .03
<30 7 0.51 0.15 5.5
30-39 19 0.67 0.70 1.9
40-49 25 1.34 0.86 1.7
50-59 22 1.561 0.67 1.0
=60 39 1.58 0.91 0.0
Time since exposure (yr) .54 .97
<15 13 0.85 0.80 0.0
15-19 29 1.33 0.52 2.8
20-24 26 1.30 0.46 1.9
25-29 25 1.06 0.89 0.6
=30 19 0.89 0.97 1.0

NOTE: AHS = Adult Health Study; Categ. = categorical; Contin. = continuous; and
ERR/Gy = excess relative risk per gray.

3Relative risks adjusted for city, sex, calendar year, AHS participation, and log age.

bTest for effect modification using a categorical model based on Equation 3 and a
continuous model based on Equation 6.

®The 95% confidence interval for ERR/Gy = 0.3-2.5.
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Table 6. Model comparisons for the excess relative risk per grey (ERR/Gy)? with
several continuous variables

Time since Age at
Model Dose () Age (v4) exposure (y,) exposure (ys) pb

All data

1 1.1 — — — —

2 1.6 -2.035 — — 0.03

3 1.2 — -0.031 — 0.97

4 8.0 —_ — -0.710 0.02

5 6.2 —0.522 — -0.582 0.05
Dose < 3 Gy

1 1.6 — — — —

2 2.2 -1.980 — - 0.03

3 4.1 — -0.307 - 0.82

4 10.0 — — ~0.664 0.01

5 7.0 -0.706 —_ -0.492 0.05

8The regression model includes an adjustment for city, sex, calendar year, AHS
participation, and log age. Relative risk is defined as:

(1+Bxdxafxtlexfh)

where the effect of radiation dose response (d) may vary with attained age (a), time
since exposure (t), or age at exposure (7).

bp value for test of model fit relative to the simple linear model (y4 = ¥2 = 5 = 0).

Discussion

For the last 35 years, an increased risk of thyroid cancer among A-bomb
survivors has been observed. However, none of the previous studies evaluated
the LSS extended cohort using DS86 dose estimates. In the present analysis, 112
thyroid cancer cases diagnosed between 1958 and 1979 were studied among the
extended LSS cohort with DS86 doses. The adjusted excess relative risk was
1.1/Gy, and the absolute risk was 0.59/10* PYGy. Linear relative and absolute
risk models were consistent with the data, but the relative risk model appeared
to fit the data slightly better than the absolute risk model. Females had a
significantly greater risk than males, and there was an inverse association
between thyroid cancer risk and both age at exposure and attained age. However,
the associations between thyroid cancer and the age variables were statistically
significant only when they were analyzed as continuous variables.

Members of the AHS subcohort had a higher incidence of thyroid cancer than
did non-AHS subjects; however, the slope of the dose-response curve was not
significantly different. Prentice et al.? also reported a higher (by a factor of 2)
thyroid cancer incidence among the AHS population than among the non-AHS
population and ascribed it to the fact that the AHS sample is weighted toward
higher exposures (AHS mean thyroid dose = 0.695 Gy; non-AHS mean thyroid
dose = 0.162 Gy) and that participants are screened biennially. In their study
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too, the slope of the dose-response curve does not differ significantly in the two
groups.

Based on data from the Hiroshima and Nagasaki tumor registries, 6 thyroid
cancer cases would have been expected among the AHS comparison group
participants and 25 would have been expected among the non-AHS comparison
group participants. The 9 observed among the former and the 24 among the latter
were close to the expectation, suggesting good ascertainment. The fact that no
thyroid cancer was diagnosed among non-AHS participants in the over-1-Gy-dose
group is compatible with expectation. The total number of person-years (14,582)
in this group was small, and the expected number of spontaneous cases was only
about 1. Since the incidence of thyroid cancer in Hiroshima and Nagasaki is about
two times the national incidence rate, there is no reason to suspect underascer-
tainment in these two registries.

It should be noted here that among the AHS subjects, 16 thyroid cancer cases
(13 in Hiroshima and 3 in Nagasaki) were excluded from the current analysis.
The exclusion was made because they were strongly suspected to be prevalent
cases. In other words, they would have been diagnosed as thyroid cancer before
1958 if they had been examined earlier. Inclusion of these cases in the analysis
did not, however, result in appreciable changes in the relative risk estimation
regarding the dose effects.

The excess relative (1.1/Gy) and absolute (0.6/10* PYGy) risks were lower than
those reported in other studies of radiation-exposed populations.’®!” Ron et al.'®
reported that children treated for tinea capitis, who were exposed to an estimated
mean thyroid dose of approximately 0.10 Gy, experienced an excess relative risk
of 27/Gy and an absolute risk of 12.5/10* PYGy, whereas Shore et al.!° found an
absolute risk of 3.5/10* PYGy in a population of infants irradiated for an enlarged
thymus gland, with a mean dose of 1.20 Gy. In a study of childhood irradiation
for thyroid hyperplasia (mean dose = 0.23 Gy), Pottern et al.?’ evaluated the dose
response for clinically detected and self-reported thyroid nodules (benign and
malignant tumors). The ERR/Gy was 7 and 64, respectively. Women treated with
radiation for cervical cancer had an excess relative risk of 12.3/Gy and an
absolute risk of 6.9/10* PYGy.?! However, because our data include persons
exposed at all ages, it might be more appropriate to compare our results for the
subgroup of persons < 5 or 5-9 years old ATB to the results of studies of childhood
exposures. For persons exposed at <5 years the ERR/Gy and the AR/10* PYGy
were 6.0 and 1.8, respectively. For those exposed at 5-9 years the comparable
risk estimates were 4.0/Gy and 1.8/10% PYGy. Although still lower than the study
results of Ron et al.!® and Boice et al.,2! our findings are in line with those of
Shore et al.1?

Recently Pierce et al.?? suggested that nonsystematic errors in estimating
radiation exposures for members of the LSS cohort result in an underestimate of
risk coefficients. Analyzing cancer mortality data, they indicated that the under-
estimate may be about 5%—15%. Based on their results, our excess relative risk
could be about 10% higher.

Several reports on a sex difference in the risk of radiation-induced thyroid
cancer, based on populations other than A-bomb survivors, have suggested a
higher risk for females than for males.’®!7 Ron et al.'"® found no statistically
significant effect of sex on the relative risk, although the point estimate of the
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ERR/Gy was 5 times greater for females than males; Pottern et al.2° found the
radiation effects to be virtually the same in males and females. In contrast,
Tucker et al.?? reported a higher risk for males when children receiving thera-
peutic radiation for childhood cancer were evaluated. The present study indi-
cated a higher risk for females than for males (p = .05), although only 5 exposed
and 10 unexposed cases were observed among males.

By identifying cancer cases through the Hiroshima and Nagasaki tumor
registries, out-migration will result in some underascertainment. Ten to 15% of
the total LSS population is estimated to have moved out of the Hiroshima or
Nagasaki areas by 1979, and the migration rate is higher for the younger
generation.?* Thus, future follow-ups may have to make corrections for out-
migration since it is increasing over time.

Radiation is known to cause thyroid cancer, and, indeed, an excess risk
following exposure to the A-bomb has been demonstrated in the past. However
because the LSS includes persons of both sexes exposed at all ages to a wide range
of radiation doses, it offers the opportunity to study effect modification. The
present analyses were based on the DS86 dose system and data from both
Hiroshima and Nagasaki. Age at exposure and attained age were shown to
strongly influence the dose response.
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FI3. MM R EFNEMFY 22 EFLOLEE XOBEIZES Y220

HIEH @ FEm
s b YR 7EFN ) Ry EF N

S 5 El 3 A AR10* . 3k 4890

ERR./Gy 95 % CI i peds 95 % CI i
None 1.1 0.3, 2.5 .13 0.59 0.2, 1.7 .35
<3 Gy 1.6 0.4, 2.7 .99 0.97 0.4,2.2 45
<2 Gy 1.6 0.6,3.9 .53 0.83 0.3, 2.3 .94
<1 Gy 2.0 0.8,5.9 .75 1.09 0.4,3.3 .38
<0.5 Gy 2.4 0.7,8.7 ¥ 0.88 0.2,5.8 14
<0.3 Gy 1.2 0.0, 41.4 .56 * * *

it ERR/Gy R LA Y- h@Flifiey 27,
* RS A — S HER R S W T,

Tay MIOTICHEBREMENY X7 EFL(RR = 1+ [1.1 x i) 5 LU08EEKE
FI(RR= [1+38.0 x fitlexp[-0.4 x#h]) oMadhi %7 Ui, BE-BUGRE
MUHRTH 2D, 8EL3 Gy L EOWBHEHD S 02 Lol KE 0, ¥—¥%3 Gy Ll
T OBEE G BRAE F AL, JERTERIORR I hE R 5 (K3B LUK, 3Gy LI FD
WIRREPICBE LA F—F TR, LA 4 0@H Y R 2E1.6THY, $RTOF—7¥
fedko it RIEHEE M O EHR R OMEE NIz H » 7,

12

15.9
10+
84
O
N & RA =1+ (1.6 x dose) (<3.0)
= $ .-
-t RR =1+ 1.1 x dose
2 i +

RR = (1 + 3.0 x dose)exp(-0.4 x dose)

&
.

T T T )
2 3 4 5
At iR (Gy)
Lo FURERE 7 — 2 19 5 A Y 2 7 (RR). M, ¥, B4, SHECAE#
B LU N A2 LR B % P
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R D
wRT RSB IRIRE R RIE, MRE-DUMEEM OB & & MRk, HHENRE bHE
XRHZ LR L T/,

WA AMERERZRR RAREAREAISREWBOIE S 0L, SRHTEEMI
LOHTR2FERIMARZENZOT, BRZZ2RRCELTHL I, v i o5y
YRRk A ARRREASZZINE 2R LT o 7o S, #E, M, BEs LT
TR AR R TP L R R bR, JEAHS MO 1.7 Th o 72, S 51z, AHSHEM
HNTEHBFENOTRBEREEROFERLTEED 5h 4, 1968-59 4, 1960-64 4,
1965-69 4, 1970-T44F, 1975-794F® 10,000 AE2Y 7 DAEREAER R, AHS £
Tk 1.52, 2.30, 1.70, 0.95 5 £ 0r2.01 TH b, JE AHSIER I 0.88, 0.80, 0.79, 0.93
BXr0.54TH -7,

FKIHPRTEHIT, AHSZ#E LIE AHS K oRBEAHIE L A E->TWVL S, 1 Gy Ll
R 12 AHS D 13% TH B DX LT, JEAHSHEFTE DTN 1.5%TH 5,
1 Gy Bl b ooy U9 AHS 2RI BRIGRIEEGERRS S i d - 12O T, JEAHS
BRI RTINS A — & BIEF Uiz, LA L, BAREFAZZIRELMO ERR /Gy D3
FERFHIOIT A RTIR S - BUSBIRRIARY 1Gy AR TR EEMIZIEE L Th - 7z (R4),

wiE RS, AR, #H X O RBEN A 2RI & i Ui, ko kIR ) 2 7
BRYED 3.7 TH -7z ERR/Gy 28 L.7HMING 5 &, LIz B W THEDBHHR
MED SNl (£5), B IBIEFAILIR SIS, TN o DA S5 A DT &2
BoNEh -, BE, HEMOBRAERE(0.20710) EHERHOZH (0547100 &0 b
K AT LD > 10

WEERIMEE T K5, RTINS & CBERERD LA B I o KRR U 2 2 2B
T4 2l &2RELTOS, DROBME, X9 (£7FL3) FMEABHAMWICHRTEDL -
e iR (ETFIVE) 2 FEAEEETH > e FlBLVNw I 759K URID
hORT % B LAkid, BRESEEE IS AERLEBHRIBD SN -7 (K5,
ERR,/Gy i3 % 16-194FIcE— 7 2R L, TORIFET Ly, ) X7 OEBIIAER
T -1, F—4 %8 Gy RMIZIRE U CTHERITLTH, YRID1RF -V HRES
LEUAMEDOTRILEETH -7,

Ry 5559y FISHBUEREV 2 &, BT FeRIE R & SRR I & > T
BITIEME Ltz (K 6)o MTUHEN U 2 7 3 FMOK FTPHWVET Ulco Flbd K OHAER;
FRBIZ & o TEFAANOFEUHFIRIC RS hAds, MiA%EETF Mk LT olatE
h:‘l‘é fi ﬂ"ﬂ f:o
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#4. AHSHME L USF AHSHERCE T 2 7 L A 27z D @FfEXS Y 2 7 (ERR/Gy) DB

F—5D AHS R JE AHS 46 AHS/JE AHS ©
il ERR./Gy ERR./ Gy S p
25— 1.6 (0.6, 4.7) 0.3 (0.0, 11.6) .25
<3 Gy 2.4 (0.9, 6.6) 0.6 (0.1, 6.6) .21
<2 Gy 2.1 (0.7, 6.8) 0.9 (0.1, 6.2) .44
<1 Gy 2.2 (0.5, 10.0) 2.0 (0.5, 7.5) .84
<0.5 Gy 3.7 (0.5, 20.3) 1.8 (0.2, 13.7) .65
<0.3 Gy 0.2 (0.0, =) 1.5 (0.0, 50.4) 75

¥ FEIGA O B2 95 % A HIX R,

-

w25 35 AERY, HURMIERF Iz B W THRIERO ) 2 2 oty iEshcn s, L L, DS86
HeEE SRR 2 H O THIAGFOHERHZTM L AOREARES IO TTH 5, AWTicE
WTIE, DSSE#EAHH LTV AILAFMAERE T 1968-TFO I hi
HRERES L1I2RERIAE LA & 0 A, FBEFHE U X 213 1.1,/Gy, #ixt ) 2 713 0.59,7
10 PYGy TH - 7co BEMBELTHN Y R EFNETF— 5 E—B UKD, YV R
EFNOF -y {EMUIH ) RV EFLIDEXI STV B LS EBbhi, i B
Kb RZOBEEISE, HRERE Y R 2 & gRTIR S & ORGS0 HIEE A
Hotoe L L, BRI & FEMEH L OBMIE, B MLHE LTifa s aic
DHHAHNTHRETH - /oo

IRANEGRA Y 7 25— F OFRIFEFEA TG IE AHS R FH L b bidid - 2o, fiai-
ISR O AR I3 A R 5878 > TR WA > 72, Prentice &° &, JE AHS [k b & AHS
ORI R 2SR &G0 2 &2 U, T ORISR A BT AG SR
HOHFHLEL { (AHSHEEPES R IR 0.695 Gy, JE AHS ISR IRMEL0.162 Gy),
WRBEE2ET LR — v P ENE Eichb B E L, WoOHATSL, 2 MO
B-BGHO AR B AR SR - 1,

IR« RS E GG T — 7 IS WM T 2 &, BERIRA U fr 25 bk i ARSI 8 A L e 3
TEHER), JEE AR AR LB C 25 TH - 7o, MHETHEI N/ IRED &% TH
gENf 24 EPNI RS, P RIFTh - &R RBLTWS, 1 Gy ELER®
JE AHS EM THRBEOS B E N B > LR THE—BT 2, COFL—TDOAFER
¥(14,582) 37, BRIEAOWIRH IR LT TH - /o, LB « B HIRER R
HRFEERERON2E/ETHL20T, MO 2OFRFIEI KRV BNTHELE
Z BB,
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5. PR Y X 7 L LB o &

S p {1l
oz it e DORBE BB oo o s i
LIRS o X439 skt
4ok 112 1.12 0.70 : 05
i 58 —
N 91 1.16 0.76 0.9
i 21 1.01 0.49 (b7
FeEER R 2k B 25 .
AHS 11 39 2.36 0.98 1.6
JE AHS $EEH 73 0.85 0.64 0.3
5tk 15 0.20 0.54 0.0
ik 97 1.66 0.82 1.7
WARMEAE MG (%) 1 .02
<5 8 0.54 0.34 6.4
5-9 4 0.43 0.24 3.7
10-19 28 1.07 0.58 2.4
20-29 21 1.3 1,07 0.7
30-39 22 1.67 0.40 0.9
>40 34 1.51 1.09 0.0
e ) 14 .03
<30 7 0.51 0.15 5.5
30-39 19 0.67 0.70 1.9
40-49 25 1.34 0.86 1.7
50-59 22 1.51 0.867 1.0
>60 39 1.53 0.91 0.0
WAL BN (4F) .54 97
<15 13 0.85 0.80 0.0
15-19 29 1.33 0.52 2.8
20-24 26 1.30 0.46 1.9
25-29 25 1.06 0.89 0.6
=30 19 0.89 0.97 1.0

it AHS HRAMREEHTE ; ERR/Gy 7 LA B hBEAY 22,
AR, vk, BEE, RAEFEZERES LU RERERE LB 22,
bG35 BT F 0 & 6 12T g E F LA UL 7o SRR .
CERR./Gy ® 95 %{iHXMIz0.3-2.5THh 5,

11
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6. Hob DHEHEHEMA VLS LA 2l p Bt U 2 2% 0 € F L LLE

- - : s R I AT b
7L BB MGy TR ool
%72
1 1.1 — ~ — -
2 1.6 -2.035 R — 0.03
3 1.2 =t —0.031 == 0.97
4 8.0 s — ~0.710 0.02
5 6.2 -0.522 —_ -0.582 0.05
R 3Gy B F
1 1.6 - o s -
2 2.2 -1.680 = s 0.03
3 4.1 — —-0.307 e 0.82
4 10.0 —_— 2= -0.664 0.01
5 7.0 ~0.706 ~ ~0.492 0.05

T lalktE TG, W, HE, B, AN R SRR S L CHEERO M AT, WY 2 7 OERE
AU A7 =(1+8 xd = ar] * ,rzx fr")

S OTHE. Mo - ORI (@) . R (a), BAERRRRT (1) & D U IR (F) &3k
Z{TEIEbHENIE,

DM e F LM L B F SR p (= 7= 75= 0)a

LT, KARBERESREOR I, SBOFITS LA S A IR 16 #)
(EB13FIEERIFDASENTW A LEIEHLTEE LV, ZOEFANFBASH
DB EITFEE LEERTH 0D -5 TH S, F0A LT, & OREHIL,
bo tRVLIHHICH~S A TW S, 1958ELIHHICHIRIBE LB hTWieTHh 59,
LinL, BHTICC OREMESHTH, ME P4 2 RRIEEMIZAESSED ST, 7,

R Y A 27 (1.1,/Gy) BLOHex U 2 2 (0.6,710° PYGy) 1, o> i dst i i
HEST TGS N Y R 2 &0 LD 572, Ron 5%, SESEBHEREE 5 GHEE X H
RIR#R 9 0.10 Gy IcMR L 22 T4k & o BRHSH) 2 713 27 /Gy, #i6t Y X 213 12.5/
10 PYGy Td » 72 & & %4 U7-A%, Shore 5914, [N A0 - HIEHEIT1.20 Gy 14
FEhicth REFADHN ) 2 2132 8.56/710" PYGYy TH 3 & L1, TIRIBIERERED
fe NN S 2o BOBHRIB T CEIEEE = 0.23 Gy) OFA T, Pottern &2 1, BRI
IR 2 N E OGS S o FHIRIRAS B (R & ORI o fit—BUCRIHR % S0 U 72
ERR/Gy BRENENTE LU B4 TH - /o TEFMMEIREREE > F 2D ERR i
12.3/Gy, #i%Y 2 271£6.9,710* PYGy Tdh » 7.2 LiL, Fx DF— 5 i & ER
HEREEATOZOT, FUBS B F 23 6-9BORIEF oW TR £ 23845 14
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INEIARIER A O R L BT 2 AXEYN S L, 5T TOWBD ERR /Gy
BEUAR/10* PYGY B EFNENBO0B LT 1.8THD, 5-9ikDY R/ H#EMIZELZE
1n4.0/Gy b LT¥1.8/10" PYGYy Tdh » 7o 4 DFFRIZKAR Ron 5'% % L 0¥ Boice 52
DPTTAEE & DKW AY, Shore S ORTEERE—H LTV 3,

Bl Pierce 5% 43, 7 Mg Ar SR A0 24 O MO AR I % HETE 4 5 B O iR D
fediz, ) R 7 REOENMEESA TSI EERE L, 5, BT — 2 /i
LT, B/MEERFIG-15%TH S LIER Uiz, TofRICESC &, Tha OBRFAXT Y 2 2
FHR10%EC a2 b LN,

JFRRREIR S DA O OTHRE R PIRIE Y 2 7 o2 LT, Kot HBitLh
YR IDBENT EE VL OHOWEBRIRELTVS.'" Ron 5%, ERR/Gy DA ~
FETE DS TIE L DA D A A B AER & D o 7228, HAEN Y X 7 12 RIE T AR A
BETHZCEERVWEFT LB TEND -k, Pottern 5 1%, MR OEEHNHEE I
PHCHEUTH AT EEFE Uiz, WA, Tucker 523, /NEIRIERKHEIEE % 5 1+
T 2~z a0 B, Bioo) 228 B0 ARG L, Shloficid, Bk
ONTYIREED 5 ¢ & JEBERER) 10 72 U A BBEI NI TH 5208, Pt X b LD AN
DAZHEW (p=.05) Z & &R L7,

IR« RO REEE I X niBEf 2 HEd 50T, BHrbhEzoRELTV S
PB/NFERDFE S B, HMTAEHLED 10-15 %13 1979 F £ TITILG & 7ol Wit
D HIEH U EHEE S N, 35O RRIE SRR IZE D LS - T, ISR $
20T, FROBHFRTCIRILOPELE LAThERSTLI b LAY,

BESPHRREET ERIFT I LRAONTE D, FHE, FEWBEROEREY 2 72
MEIFEHER TV B, LA LEAS, M3 AMEHOBMRECHR L5595
EMOBMEEAUENRLELTVZOT, PROBMICT DV THET IR ERILT
W3, SEIOMHIE, DS8EIREAR EILBE L UFERBHOF— i3 TiThhi,
7 LT, R EM S X ORBWIFERY, MR- EBRERESCELA TS LWL
Nz,
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