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SUMMARY

ABCC and its successor, RERF, have followed
since 1959 and retrospectively to 1950 the mortality
in a fixed cohort of survivors of the atomic bomb-
ings of Hiroshima and Nagasaki, the so-called Lile
Span Study sample. The present study, the 11th in
a series that began in 1961, extends the surveillance
period three more years and covers the period 1950-
85, It is based on the recently revised dose system,
called DS86, that has replaced previous eslimates
of individual exposures. The impact of the change
from the old system of dosimetry, the T6SDR, to the
new on the dose-response relationships for cancer
mortality was described in the first of this series
of reports. Here, the focus is on cancer mortality
among the 76,000 A-bomb survivors within the LSS
sample for whom DS86 doses have been estimated,
with the emphasis on biological issues associaled
with radiation carcinogenesis.

Briefly, the following was found: The excess in
leukemia mortality has continued to decline with
time, but remains slightly but significantly cle-
vated in the most recent years of study, 1981-85
in Hiroshima., For cancers other than leukemia,
excess deaths continue to increase with lime in
proportion to the natural cancer mortality for the
attained age, and the relative risk (RR) scems
unchanged over time for specific age-at-the-time-of-
the- bombing (ATB) cohorts excepi [or the youngest
cohort, i.e., 0-9 ycars ATB. For the latter cohort,
unlike the uldq_r cohorts, the time from exposure o
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death (a measure of the latent period) is shortened
for all cancers combined cxcept leukemia in the high
(1 Gy and over) dose group and the RR decreases
with time under 30 years of age and then levels off.
The present analysis still supports, in the main, the
RR model rather than the absolute risk (AR) model
in estimating lifelong risk.

For the same attained age, both the RR and AR are
higher for younger age-ATB cohorts than for older
ones.

Since the cohort is aging, the trend in estimated risk
with time [or the entire cohort has been examined,
cither with an adjustment for age-ATB elfects or
within specific age-ATB cohorts. The excess RR
does not vary statistically over time to a significant
degree for all cancers except leukemia, nor for
cancers of the stomach, lung, and breast. However,
at lace value, a slightly decreasing trend with time is
seen for cancer of the lung, and a slightly increasing
trend is noted for all cancers except leukemia, and
for cancers of the stomach and breast. Further
surveillance will be necessary to clarily the pattern
of temporal change in radiation-induced cancer.

Some sex differences in estimated risk are observed.
As in the most recent previous report (1950-82),
there is no statistically significant difference in
excess deaths belween males and females except
for leukemia, though the RR is higher for females
than for males, significantly so for cancers of the
esophagus and lung, reflecting the higher back-
ground cancer rate for males. An extensive lung
cancer analysis, based on the cohort lor the present
analysis using both radiation and smoking infor-
mation, revealed that the sex difference in excess
RR observed without adjustment for smoking, is no
longer significant after adjustment.

As previously observed, a statistically significant
increase in the frequency of deaths with increasing
dose is observed for leukemia, cancers of the esoph-
agus, stomach, colon, lung, breust, ovary, urinary
bladder, and multiple myeloma. No significant
increase is demonstrable as yet for cancers of the
rectum, gallbladder, pancreas, uterus, and prostale
and malignant lymphoma. In the present report, the
study of the frequency of deaths related to ionizing
radiation has been extended to include cancers
of the bone, pharynx, nose and larynx, and skin
except melanoma, but none of these sites showed
a significant increase with dose. Mortality tends 1o
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increase with dose for tumors of the central nervous
svstem other than the brain (0.05 <p <0.10), but not
to increase for brain mmors.

The dose-response curve for all cancers except
leukemia, the linear (L) model shows a good fit, al-
though other nonlinear models (except the quadratic
one) fit, statistically, the data now available as well
as the L model. For leukemia, the L model [its well
over the entire dose range, however, when the high
dose range is excluded, the linear quadratic (LQ)
model fits better than the 1. model.

Examination of the dose-response relationship at
low doses (under 0.50 Gy), using much finer dose
categorics than have been employed previously,
failed 1o reveal significant differences in the regres-
sion coclficients between the low and higher dose
ranges except for leukemia, where the estimated risk
coefficient for survivors exposed to under 0.5 Gy is
lower than that for those exposed to 0.5 Gy and
over.

The lifetime risk was estimated employing a method
similar to that used in the BEIR III report. The
estimated value, based on a L model, for both
leukemia and all cancers excepl leukemia, is about
two times higher than that estimated in the BEIR
I1T report. The ratio of the present estimates to the
BEIR III estimates under LQ model is much larger
than the ratio of the two estimates under L model.

INTRODUCTION

Since 1950, the ABCC and ils successor RERF,
have studicd a fixed cohort of A-bomb survivors
and suitable comparison subjects, the so-called Life
Span Study (L.SS) sample, 1o ascertain the effects of
A-bomb radiation on mortalily. Periodic analyses
of the results of this surveillance continue; the most
recent account (in 1987) spanncd the years 1950-
82. However, all of the reports published in recent
years were based on the T65 sysiem of dosimetry,
and beginning about 1978 scrious questions were
raised about the accuracy of this method of estimat-
ing individual doses. Accordingly, an extensive bi-
national reassessment of the A-bomb dosimetry was
initiated in 1981, These activities have culminated
in a revised method for estimating individual doses,
the so-called Dosimetry System 1986 (DS86), and
new dose estimates were calculated for members
of the LSS cohort in early 1987. Subscquently,
a series of analyses was begun using the DS86
doses to assess radiation-dependent mortality for the
period 1950-85, extending the surveillance by three
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years, 1983-85, over that described in the previous
report.! An assessment of the impact of the change
in dosimetry from the T65D to the DS86 system
on site-specific estimates of radiation-related cancer
mortality (including AR and RR coefficients, the
shape of the dose-response curve, and the relative
biological elfectiveness, RBE, of neutrons) has been
published as Part 1 in this series.?

The present report (Part 2) concentrates on several
of the biological issues regarding radiation-induced
cancer raiscd by previous analyses of the LSS
sample. More specifically, it focuses on the ap-
pearance with time of radiation-induced cancer and
the effects of such risk modifiers as age ATB, age
at time of death (ATD), sex, city, carcinogens other
than radiation (i.e., smoking), and so on.

A brief description will also be given of the dose-
response relationships for specific sites based on
DS86 doses, referring also to results given in Parl
1 of this series. In this regard, a more exiensive
analysis of the dose-response relationship at low
doses (under 0.50 Gy) is given, with finer groupings
of dose than have gencrally been employed in
previous reports.

Mortaiity from causes other than cancer will be
deseribed in a subsequent report (Part 3).

MATERIALS AND METHODS

Although the T65DR system of dosimetry® has been
used lo estimate individual doses at RERF-ABCC
for an appreciable time, some uncertainly has long
surrounded both the quantity and quality of the
radiation released by these two nuclear weapons.
The dose reassessment initiated in 1981 has recently
culminated in a new dosimetry, DS86.2% Doses
have now been calculated for 16,207 among a total
of 19,387 proximally exposed subjects in the LSS
sample, those within 1,600 m in Hiroshima or
2,000 m in Nagasaki, mostly survivers within
wooden Japanese houses or lenements. As in
previous LSS reports, estimates of shielded kerma
above 6 Gy have been truncated at 6 Gy.

To avoid ambiguity in the paragraphs to follow, we
define here the three terms uscd to describe indi-
vidual doses, namely, the free-in-air (FIA) kerma,
kerma in house or shielded arca (for convenience,
designated as shielded kerma), and organ-absorbed
dose. The [irst describes the kerma in tissue at
a point 1 m in air over bare ground (i.e., mnot
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in or near a building); the second, the kerma of
the individual with allowance for environmental
shielding; and the last, the radiation absorbed by
the organ or tissue under consideration. Ideally, risk
estimates should be based on organ-absorbed dose,
whenever possible. However, to provide a basis
for comparison with those studies where organ-
absorbed doses are not available, we shall also give
the risk estimates based on shielded kerma.

Among a total of 120,128 LSS sample subjects in
the extended cohort (LSS-E85),! there arc 91,228
survivors for whom a T6SDR dose could be es-
timated; this excludes 26,517 individuals "Not-in-
city (NIC)" and 2,383 A-bomb survivors for whom
a dose (T65DR) could not be estimated. DS86
dose estimates are available for a total of 75,991
(83.3%) of these 91,228 exposed persons (Table 1).
Hereallter, these 75,991 individuals, who constitule
the basis for the present analysis and include 59,784
distally exposed individuals in addition to the pre-
viously mentioned 16,207 proximally exposed, will
be referred to as the DS86 subcohorl. Assignment
of doses to those survivors for whom detailed
information on shielding does not exist is described
elsewhere.?
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(+#bt, REpop LTI TE L) L1 m O8
22711 2 {0 kerma %, 352 OHEE (R kerma )
i, BT L AR E EEL A kerma &, F 2,

TP o ATEE (L ES ORON ERdit) GE, HaTREER dHHAY
IDIRUT & R - et s kb A, BRI IZE, U AL

H T 0L 6T A T AR L B AR AR (2T <
LOThARETHE. Lo L, Ml H
TRV eERIIT AN, ER
kerma [c3ETF¢ ) A s HEEW LA T A,

frmaa el AOEl (LSS-E85)! ox®# 4 it120,128
#m3 5, TESDR #fit AT T & 20 ($91,228% T
H5, CORERHAFRLE (NIC) 26,5174 " Wi
[zt (TE5DR) 2 #EE T & & & - 22,3834 O #Hik
Erassghtugun, Zhs0,2850#BED
5 &, 4#t75,991% (83.3%) 122\ T DSB6 4 lit
HEBEAESN TV (£]1). ¥BITOMRTSH Y,
3 B0 B BB 59, 784 45 & il o> T BERERE R 5 16, 207
HEMAZ 575,994 EDSEE Y T3k — [ &
M s 5, MECHMT ML HEANES R
HAUEBRE LT it oHEIZ oW TIERRIC
bR

TABLE 1 NUMBER OF SUBIECTS IN THE LSS E85 AND THE D586 SAMPLES
#£1 HEHE ESSEMAR Y DSSEHEHIZ &1 5 R HH
Exposure status
City Sample
T65 dose T65 dose Not-in-
Total known unknown city
Total LSS EB85 120128 91228 2383 26517
DSB6 75991 75991 = -
not DS86 44137 15237 2383 26517
Hiroshima LSS E85 82062 60468 1426 20168
Ds86 51390 51390 = =
not DS86 30672 9078 1426 20168
Nagasaki LSS EB85 38B0€6 30760 957 6349
DS86 24601 24601 = -
not DS86 13465 6159 957 6349




RERF TR 5-88

Ascertainment of death

Deaths are routinely identified through the obliga-
tory houschold registries (koscki) that exist in Japan,
and ascertainment is essentially complete. Causes
of death are oblained from the Vital Statistics
Death Schedules which are based on the death
certificates. The present analysis is based on a
total of 5,936 (83.7%) cancer dealhs occurring in
the years 1950-85 in the DS86 subcohort (75,991
persons) among a total of 7,096 cancer deaths in
the 91,228 exposed survivors for whom T65DR
doses are available (excluding NIC and T65D
dose unknown). The underlying cause of death
has been classified according to the International
Classification of Discases. (Detailed code rubrics
are shown in Appendix Table 1). Appendix Table
2-1 shows the number of subjects, person-years at
risk, and mean total, gamma, and necuiron doses
by DS86 shielded kerma, and Appendix Tables 3-1
show those by organ-absorbed dose.

Statistical methods

A detailed account of the statistical methods we
employ has been given elsewhere.! Briefly, they
involve the use of a grouped survival analysis based
on a RR model. Specifically, the model fitted can
be described as follows: Let i be the stralum in

the cross-classification of city, sex, age ATB, and

follow-up interval, j be the exposure category, and
Yi;, PYi;, My be the numbers of deaths, person-
years, and the mortality rate in stratum i and dose
group j, respeetively. Under these circumstances,
mortality in the ij-th stratum can be defined as

FET DR

RCEAEEAOF#HE2HESL THEEsATED,
HHEOWRIFFIFEELTH L. FERE, OBk
IO AOMHAECESL S BT WA, EREME,
TB5DR # it #71% 5 T v 2 BNk & 91,228 % (NIC
B U TA5D BT MIRE & R < ) th o 45 517,096 £ 4
FETO 9 5, DSB8 7 Tk — b (75,9914) AT
1950~ 8547 12484 L 2= FEC- Bt 5,936 1 (83.7% )
W LTk S, EIEHE FRRRG M2 - T
WEE L2z, (RERF I B Ao SRR 2 JE 57 ML 1 26 1
lCm Lk). fhde-1 1o, o8 i, BlaeE,
FHEMER, THH et R T et
% DS86 ML kerma BIZATL 22 fh#3-1 000, TR
RN EHE s RS i A L e

WET AT

AR TR HEHFOHE B 230 2 308 1C
DWT B EICEE LA BT e,
YAZEFMITGS, a0 L EEET— 7 O
BTl I, BEETMVEAOL I ICHB TS
5. Tabb, i#, i, P, #EEBEEERRY
IBETIAM 00 20 2 A S ST AR, & BRI A,

Yij, PY;j, Mj; 820 hkf i BURER; 1250 5
FEL £, Ar»"'um.% + COEILFRET

C, i REOBI B A ERIKOLI IRE
hz

M;; = My RR;;

where RR;; is the risk in stratum i of exposure
group j, relative to exposure group 0, after adjusting
the background cancer mortality rate for cily, sex,
age ATB, and time since exposure. More specif-
ically, the coefficients are calculated assuming a
linear (in dose) RR function, i.e.,

2L, RRy; (3, BBTH, BE, BRERE G RS R OFHOE

EMEFEII OV T, ARMACEEITIE L 2 uk
BOLKHTIHEBE OB It AYRTERT
HIHL g e, FHITROBE RIIIML
TIMH) AR RELTHEELAE, T4b5,

RR;; =1+ bD,-J-cxp“X ;

where D;; is the mean total dose (gamma rays and
neutrons) in the ij-th category, and X is the effect of
a radiation modifier, such as sex, city, age ATB, and
time since exposure. The total dose D;; is further
divided into its gamma,; and neulron;; components.

arc cstimated by the mcthod of
assuming that the num-

Parameters
maximum likelihood,

EEL, Dy i, i FHOKSIZEG 5 THEERR
(FrvvEEUPETFHOSGH)THD, X, IE
T, FEOERE RN A UM B ARG R 4 & o B AT R
WO SR E R, BRI D, SE N T
i & @i o2 EHCHI

FELC#Y;, 1385 % Poisson FEHZ i el e
E (Y;;) =PY;;" Mo  RR;j (22T, PY;; 3Wse LT



bers of deaths Y, are independent Poisson ran-
dom variables with cxpected values E(Y;;) =
PY,;M;0'RR,;, where PYj; is treated as constant.

The three risk coeflicients used here as the primary
descriptors of the data are based on fitting the above
model with the exp®* term omitied. They are:

1. Excess RR per 1 Gy or RR at 1 Gy
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MV THBEMELT,
& 0w L .

R A =y BN

FhEF—yOFERICHw A0 A 7 ERE, bl
HErFLhGexp HEBVELORBBGEET
i, 2O A2 EBRILUTOEEDTHS.

1. 1Gy 20 o#@pifidy 22,
IZ&H S A7

Wil Gy

Ea 1451

2. [Excess deaths per 10* person-year-gray
(PYGy)

[sz R Dig
P g=1

3. Attributable risk (%)

i

In the statistical analysis the person-years and the
number of deaths are aggregated and stratified by
city, sex, age ATB, follow-up interval, and radiation
dose. The specific elements in the stratification are
set out below.

2. 104 A Gy (PYGy) %/ ) @ BFEC

YD PY;- D,-,—] x 10
7=1

i

3, FHEUAZ (%)

[ZZPY,-,- Mo -5 D.,/ZZY,',‘] x 100
=1 1=1

B T T IE, AEERFECHE, Wil
PE, PRk nE AR MG, B M0 MR B U A A R L & &
O, BibLA Fleisl s8I TOEEY
Thb.

4 ] O 8 H
(T T 1)

Eresent analysis
{L55 Report 11)

il (1] o3 R AT
[Ap i A 10H )

Previous analysis
(LSS Report 10)

1) Follew-up period
EIER ATl
5-year intervals ({1950-85)
5 4F I (1950 - 851 )
1950-55, 1956-60, 1961-65,
1966-70, 1971-75, 1976-80,
1981-85

2y  Age ATB #ifhE;EE

<10,
50+

10-19, 20-29, 30-39, 40-49,

3) Attained age ‘il (SECTERE)

<20, 20-29, 30-39, 40-49%, 50-53,
60-69, 70+

4) Radiation dose (DS86, Gy)
Fegd g it (DSBE, Gy )
0, .01-.05, .06-.09, .10-.19,
.20-.49, .50-.99, 1.00-1.29,

2,00-2.99, 3.00-3.99, 4.00+

5) City (Hiroshima, Nagasaki)
il (rh s, L)
§) Sex (Male, Female) fk (JPE, #=fL)

1} Follow-up period
36 Bl D 18
4-year intervals (1950-82)
4 T B 1950 =82 6 )
1950-54, 1955-58, 1959-62,
1963-66, 1967-70, 1971-74,
1975-78, 1979-82

2) Age ATB #HF 6

<10, 10-19%, 20-34, 35-49, 50+

3) Attained age (FRE(FELTFAR)

<20, 20-29, 30-39,
60-69, 70+

40-4¢%, 50-59,

4) Radiation dose (T&5D, Gy)
B R (T6D, Gy !

0, .01-.09, .10-.49, .50-.99,
1.00-1.99, 2.00-2,89, 3.00-3.99,
4.00+

5) City (Hiroshima, Nagasaki)
T (I gy, )

§) Sex (Male, Female) FE(%HME, «fk)
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RESULTS

Site-specific cancer mortality

A summary of the relationship between site-specific
cancer morlality and shielded kerma is presented in
Table 2A (sce also Appendix Table 2). As may
be seen there, cancer mortality increases with dose,
whether measured in terms of RR at 1 Gy, excess
risk per 10* PYGy, or auributable risk (%). The
site-specific cancers that show a statistically signif-
icant increase with dose (p < 0.05) are leukemia,
cancers of the esophagus, stomach, colon, lung,
breast, ovary, urinary tract, and multiple myeloma,
whereas cancers of the rectum, gallbladder, pan-
creas, uterus and prostate, and malignant lymphoma
do not (Table 2A, Figure 1A). Note that ovarian
cancer, which was suggestively related to exposure
in the previous LSS report,! is now significantly so.

Interpretation of the meaningfulness of an increase
in liver cancer following exposure Lo ionizing ra-
diation is complicated. Firstly, the confirmation
rate of liver cancer diagnosis on death certificates
is only about 60%,% and secondly, it is difficult
to distinguish primary from metastatic cancer of
the liver on the basis of death certificates alone.
The last LSS report, covering the years 1950-82,
supgested that the occurrence of liver cancer was
possibly related to dose. Bul, when the observations
were exlended to 1985 and confined to the DS86
subcohort, no statistically significant increase with
dose is scen as shown in Table 2A, but the in-
crease is significant when liver cancer not otherwise
specified (NOS), i.c., not specified as primary, is
included (Table 2B). This presumably reflects the
inclusion of secondary liver cancers, since the liver
is a common site of metastasis for many of the sites
known to be associated with exposure lo ionizing
radiation.

In scrutinizing more closely the statistically signif-
icant increase in urinary tract cancer, we find that
the increase in urinary bladder cancer is statistically
significant but that the increase in kidney cancer
is not. Some 70% of the cancers assigned lo the
broader urinary tract rubric are of bladder origin.

B R

BB BIAIET

o0 G B FE L & ERAL & OB O FR A R2A
ALk (dE2 LRI, ZoRrSsGPE LD,

1 Gy TOfE) A2, 10 A Gy 470 OEFIEC
HRpEEYVZAZ(%)OWThA P64 TH, MEC
HriA A L R CINL T A, MRS THEHE

M LI (p<0.05) &3+ ML, ©im
W, LA, VIO, RSN, Dl FUAE, A0,
MR R L MM T A 5. T, LIRS,

Ao, BEBRA, TR B OV I IR i O A
Uy oL BMATR E & oz (K24,
AN TR o MEL
Aol & F R ICBEE Y 5

A1 A). Wlele #3 &
AR & 4 7= 5P L I,
SR 2 A A

AR B A B 12 kB TS O NG b o ek o AR
AT H 5. FEC T 85 0 & 2 AT I
TEFRHIEHI60% 12 F a1, 5 0 i, PR A
O & T E, IFIRO e & &ﬁw-wmwa:ku
HTh s, 1950-820E & w8 & L Al oo # o 3 1
EAL s, BFHE oS4 gt & Bl B Lo
LTwad, BeEe1986E £ ¢HESR L, DSB6 4+ 7
k- hMIZIREY R E, F2ALZGRTES DA
S EREM AR MERL sz, LAL,
Wiz swy, Tabt, BRoMEEELTHE
Wt * G0 e Mild A& c s (£2B). 2D
ki, B HMREOITMPEThTwEZ L
R+ aDTHAI. G %6, FME, TR
BB EMET A LA TVEELDED
ERIE LSV EVDETH S,

#—l,

IRTR AR O BERT AT AR S WO & k0 BER L FRES
+ 5 &, BHOMIMEHEFFMIHTETS B,
IR ORIMEEE TR AW & A A S, IR
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TABLE 2A SUMMARY MEASURES OF RADIATION DOSE RESPONSE FOR CANCER MORTALITY BY SITE; BOTH CITIES,
BOTH SEXES, (UNLESS OTHERWISE STATEDT), ALL AGES ATB, 1950-85 (SHIELDED KERMA)
ﬁz&%mﬂﬂﬁtﬁuﬁféﬂﬁﬁMﬁmm&ﬁH&:Mﬁ,ﬁﬁl%ﬂ&ﬁﬂ&wmnTh

S EEHARRERS, 1950- 858 GIERX kerma )

Ho. of Statistiecal Estimated RR Excess risk Attributable

Site of cancer deaths test (P)'H' at 1 Gy per 104 PYCy risk {E)*H'
All palignant neoplasms 5936 0.000 1.39 (1.32, 1.46) 10.0 (8.36, 11.8) 10.2 (8.50, 12.0)
Leukemia 202 0.000 4.92 (3.89, 6.40) 2.29 (1.89, 2.72) 55.4 (4547, 66.3)
A1l except leukemia 5734 0.000 1-29 (1.23, 1.36) 7.41 (5.83, 9.08) 7.86 (6.19, 2.64)
Digestive organs and peritoneum 3129 0.000 1.24 (1:1%; 1.33) 2.39 (2.27, 4.59 6.58 (4.41, 8.91)
Esophagus 176 0.02 1.43 (1.09, 1.91) 0.34 (0.08, 0.67) T2:3 §2592, 25.0)
Stomach 2007 0.000 12200903, A3 2.07 (1.19, 2.05) 6.26 (3.61, 9.23)
Colon 232 0.000 1.56 (1.25, 1.98) 0.56 (0D.26, 0.91) 15.1 (6.96, 24.7)

Ree tum 216 0.67 0:93 ( -« ,; 1.27) -0.07 | 2 0.28) . <1.93 ( i Tai2d
Liver, primary 77 0.57 Tl U087, 1) 0.05 (-0D.05, 0.25) 3.90 (-4.38, 20.5)

Gallbladder and bile ducts 149 0.13 1.37 (0.98, 1.96) 0.22 (=0.91, 0:53) 8.24 (-0.55, 19.5)
Pancreas 191 0.53 0.89 ( i 125 -0.10 | .+ 0.20) -3.07 ¢ y 6.21)
Other, unspecified 81 0.29 1.32 (0.87, 2.14) 0.11 {-0.05, 0.35) 7.73 (=3.29, 2L.2)
Respiratory system 747 0.000 1.40 (1.21, 1.63) 1.29 (0.71, 1.96) 187 (550, 15.3)
Lung 638 0.000 1.46 (1.25, 1.72) 1.25 (D.70, 1.89) 11.4 (6.36, 17.1)
Female breasht 185 0.000 20061485 2i75) 1.02 (0.52, 1.60) 2.7 T4, 3L..8)
Cervix uteri and uterual 382 0.08 1.22 (1.01, 1.50) 0.60 (0.04, 1.29) 5,30 (0.34, 11.5)
ervix uteri' 90 0.17 1.43 (0.93, 2.30) 0.26 (-0.04, 0.70) 10.0 (-1.68, 26.9)
Ovary' 82 0.03 1.81 (1.16, 2.89) 0.45 (0.10, 0.90) 18.7 (3.97, 37.7)
Prostate 52 0.85 1.05 ( TR 0.03 , 0.40) 1.89 ( y 24.8)
Urinary tract 133 0.000 2.02 (1.45, 2.87) 0.55 (0.26, 0.89) 3.7 € 10:8y 37:1]
Malignant lymphoma 110 0.81 0.95 ( » 1.40) -0.02 ( , 0.18) =175 , 13.6)
Multiple myeloma 36 0.002 2.86 (1.55, 5.41) 0.21 {0.07, 0.39) 32.5 (11.3, 59.5]
Other 907 0.03 1.20 (1.05, 1.38) 0.77 (0.19, 1.44) 5.65 (1.37, 10.5})

Numbers in parentheses indicate a 20% confidence interval. (E@ KA HMiio% @#MEN &R+,

t Risk estimatien for these sites is based on either males or females only.
chonBEnUas RIS Lt cHorNL TP E T,

++ p-value based on the test for increasing trend in radiation dose Bt i o N fim D R 2k p iR
+++ Based on 41,719 subjects exposed to 0.01+ Gy |average 0.295 cy) (.01Gy LI EUREE0.29 Gy | (28 L4l 719 Az 3 <

The risk coefficients shown in this table differ slighrly from those presented in Appendixz Table 11 in LSS Report L1
2art 1 (RERF, TR 12-87) due to the difference in rounding procedure applied to individual dose estimates.
EHECTFIAESEEARROBET R OVANBARAANFEYN RS2, SFAXFRLURAELH (RERF, TRIEZ-87 1O HN LT LALOLNSERES,

88-C W1, ST
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TABLE 2B SUMMARY MEASURES OF RADIAITON DOSE RESPONSE FOR CANCER MORTALITY BY SITE, FOR CERTAIN
SPECIFIC CANCERS; BOTH CITIES, BOTH SEXES, ALL AGES ATB, 1950-85 (SHIELDED KERMA)

£9oB HEOBICMT 2, FEIFECE DT A KSR IEOEFRE; M, i,
B REGERS, 1950-85+F (Efitkerma)

No. of Statistical Estimated RR Excess risk Attributable

Site of cancer deaths test (P)T at 1 oy per 10% PYCy risk (%)
Liver including not 590 0.02 1.24 (1.06, 1.47) 0.63 (0.17, 1.18) 7.02 (1.87, 13.2)
specified as primary
Kidney 38 0.18 1.58 (0.91, 2.94) 0.09 (-0.02, 0.26) 15.7 (-2.77, 43.3)
Bladder o0 0.003 2.13 (1.40, 3.28) .41 (0.16, 0.70) 23.6 (9.31, 40.8)
Tongue 26 0.40 0.83 , 1.49) -0.02 ( , 0.06) ~5.35 { « Th1)
Pharynx 23 0.6 0.83 ( , 2.04) -0.02 ( , 0.09) -6.14 ( , 31.6)
Nose Lt 0.58 0.84 ( # 1877 -0.03 ( , 0.12) -4.04 ( y 1445)
Larynx 46 0.16 1.51 {0.95, 2.68) 0.10 (-0.01, 0.29) 13.4 [=1.47, 37.1)
Skin cancer except 21 0.A9 L7 ¢ 2ol 0.02 ( , 0.12) 5.60 , 38.7)
melanora

Bone 27 0.65 1,22 , 2.79) 0.02 ( , 0.16) 6.56 (5 42.9)
Brain tumors 47 0.97 1.03 (0.51; 2.09) 0.01 {-0.12, 0.20) 1.0 (=13.0, 22.5)
Tumors of central nervous 14 0.08 3.09 (1.06, 9.74) 0.10 (0.00, 0.24) 35.9 (1.4, 82.2)

system (CNS) except brain

Numbers in pareatheses indicate a 90% confidence interval.

+ p-value based on the test for increasing trend in radiation dose

++ Based on 41,719 subjects exposed to C.01+ Gy |averagze 0.295 Gy)

001Gy L1

EEAOENR0%EEAEE £ T,

e g £ ik T A AT 1 h B (2 A

o

bR 0,265 Gy JoEIE L 241,718 A JET S

88-C UL T
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FIGURE 1A RELATIVE RISK AT 1 Gy (SHIELDED KERMA) AND 90% CONFIDENCE
INTERVAL, 1950-85
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FIGURE 1B RELATIVE RISK AT 1 Gy (SIIELDED KERMA) AND 90% CONFIDENCE
INTERVAL FFOR CERTAIN SPECIAL CANCERS, 1950-85
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In an earlier parallel analysis of the A-bomb
survivors (1950-78) and ankylosing spondylitis
patients,® it was noted that cancer of the central ner-
vous system (CNS) except brain was significantly
increased. However, the number of cancer deaths
where a CNS tumor was stated to be the underlying
cause of death is very small and, moreover, tumors
of unspecified nature or even benign tumors at these
sites could cause death. Since metastatic tumors
involving the CNS are often mentioned in death
certificates in Japan, all deaths [rom CNS tumors,
including those of a benign or unspecificd nature
and those where the tumor was not stated to be
the underlying cause of death, were reviewed by
pathologists at RERF taking into account tumor reg-
istry data including autopsy or surgical information
available at the Foundation.

Forty-seven (47) cases of brain tumor (16 malig-
nant, 8 benign, and 23 of an unspecified nature)
were ascertained by this procedure. Included in this
number are three cases (Ilwo unspecified nature and
one benign) where the tumor was not identified as
the underlying cause of death. In addition, 14 cascs
of CNS tumors other than of the brain (5 benign,
and 9 of an unspecificd nature) were ascertained
by the same procedure, including 1 case where the
tumor was not specificd as the underlying cause of
death.

The relationship to dose of these 47 brain tumors
and 14 CNS tumors other than brain tumors is
shown in Table 3. Mortality tends to increase
with dose insofar as CNS tumors other than brain
tumors are concerned (0.05 < p < 0.10), but no
increasing trend is observed for brain tumors alone
(p > 0.10). This tendency is also obtained alier
excluding the three and one cases where the tumor
was not specified as the underlying cause of death.
The RR at 1 Gy, excess deaths per 10* PYGy, and
attributable risk (%) for these two tumors are shown
in Table 2B.

In the present analysis, the relationship to radiation
of cancers of such siles as longue, pharynx, nose,
larynx, skin cancer except melanoma, and bone has
also been examined, but none of these increases
significantly with dose. (The RRs at 1 Gy [or these
sites are shown in Figure 1B and Table 2B.)

12

LARTAT do du e AR AR (1950- 7845 ) & ShiliE  #
RKEBOLBER VT, BEE P
FOBMABFHBCHMML TS Z L FEHEh/l. L
AL, PHEEZMEAFEARTHsEEhTwS
WICC O A g <, Iz, e
FUT, SFHAMXIBEOMB TLIEL 25
Li%a. AFGORLCEE NI, PSR 2 B
TAEBR L LR s h T 20T, BUEK
DFRHEEES, Y TATFTE 58K L F
AE eSO ERT -y aEEL LS, B
LA A2 S D PEMERIE Iz L2 T NT D
FECiz o THREL 7.

IOz E Y, ATH O REREAS (60, A%
B, FAN MM A ERE C0 I B3
(BFEAMASEA 240, B 1) 1230 T, s A5 5E
HTsdedBFEasnghon, Zhizmat, i
Lk oo op 42 2 S S S 14 0R) (BLPE SR, AR T AR
affl) AR CAECHmEENALY, 2O 5 1HITIE
Mg R TS LB EEhEd o,

2415 O Ra 485 AT 18] B OF N FUE 455 1A SE o0 iR ER R
B 1450 & Al & D AR A 3 TR L AL I
LISk daid s 6 R 2 L T, JECH IR L
SN A T R T AT (0.05<p<0.10), AT 45
OAOBE I AR S 5 h v (p>0.10).
Zofimils, Bl FERLFEEN LS oL Rl
O3EE I FERSLABECLREDLENE. Zh
5 2MMOMEICHT A1 Gy TOMMY A2, 104
AEGy Y-V OBFHCRUFES VA2 (%) &
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SOMWMMD1Gy I2h 1AM A2 2FHIB AU
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TABLE 3 MORTALITY FROM CNS TUMORS BY TYPE
#3 PR R M O SRR, 5E

DSHBE dose (shielded kerma, Gy)

_ Tast!
Total [i] 0.01-0.09 0.10-0.48 0.50+
Brain tumers
Ohserved ai 16 15 13 3
Expacted 21.42 13.96 7.49 P c
PR 1.00 1.44 2.32 0.97 P>0.10
CNS tumora other than brain

Observed 14 4 3 4 3
Expected 6.12 4,27 2.32 1.29
RR 1.00 1.08 2.863 3.56 0.05<p<0.10

{ Test for increasing trend in radiation dose
o i 0 o 0T 02 B B

TABLE 4 SUMMARY MEASURES OF RADIATION DOSE RESPONSE FOR MORTALITY OF
STATISTICALLY SIGNIFICANT SITE; BOTII CITIES, BOTH SEXES, ALL AGES ATB, 1950-85
(ORGAN-ABSORBED DOSE)

S 4 N AT A ST O TR # DK A T R O S RE FUE ;s [T, iE,
S B IRIEIE M, 1950 - 85 1F (6 SR LR L)

Relative Risk Excess deaths Attributable
Site of cancer at 1 Gy per 10% PYCy risk ()1
Leukenta 6.21 (4.83, 8.12)  2.94 (2.43, 3.49) 5B.6 (48.4, £9.5)
A1l cancers except  1.41 (1.32, 1.51) 10.13 (7.96, 12.44) 8.1 (6.4, 10.0)
leukemia
Esophagus 1.58 {1.13, 2.24) 0.45 (0.10, 0.88) 13.0 (3.0, 25.5)
Stomach 1.27 (114 1:43) 242 (12264 3.72) 5.7 (3.0, 8.7)
Colon 1.85 (1.39, 2.45) 0.81 {0.40, 1.30) 16.3 (8.0, 26.2)
Lung 1.63 (1.35, 1.97) 1.68 (0.97, 2.49) 12.3 (7.2, 18.3)
Female breast 2.19 (1.56, 3.09) 1.20 (0.67, 1.91) 22.1 (11.3, 35.0)
Ovary 2.33 (1.37, 3.86) 0.71 (0.22, 1.32) 22.3 (6.9, 41.4)
Urinary tract 2.27 (1.53, 3.37) 0.68 (0.31, 1.12) 21.5 (9.8, 35.7)

Multiple myeloma 3.29 (1.67, 6.31)  0.26 (0.09, 0.47) 31.8 (11.0, 57.6)

Numbers in parentheses indicate a 90% confidence interval.

PRI D M % AT HEN & T,

t Based on subjects exposed ta 0.01+ Gy. HAverage doses for hone

marrow, colon, stomach, lung, breast, ovary, urinary tract (bladder)

are D.242, 0D.223, 0.228, 0.240, 0.240, 0.211, D.231, respectively. For all
cancers except leukemia, escphagus, and multiple myelema, doses feor colen,

stomach, &nd bone marzow are used.

0.01Gy BL R L e f e, e, AN, WM, JLE SHAL BRHE o Fram Ry, BhoEhH, D242,
0,224, 0.208, 0.240, 0.240, 0,211, 0.231 T H 4. HMSEAO RGO, OGRS R AERE
ST, KNS, WROUAEOBREROL.

13
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TABLE 5A RELATIVE RISK AT 1 Sv BY AGE ATB AND SEX FOR CERTAIN SITE OF CANCER
(ORGAN-ABSORBED DOSE)

#5A FHEHMOWCHIT 1S TOMEAY R 2, B E A O O SR gL )

ALge ATB
RBE Site of cancer Sex <10 10-19 20-29 30-39 40+
Leukemia M 1907 5.4 6.6 1.9 3
F 20.5 5.6 6.8 5.l 4.4
ALl exeept Moo 2.06  1.65  1.57  1.24  1.18
leukemia
F 3.06 e L Zidk 1.48 1.34
1 Stomach M 1.47  1.81  1.76 1.1  1.11
F 1.92 2,59 2.50 1. 22 .21
‘Female breast P 2.90  3.34  2.21  2.26  1.11
Lwng w  1.87 1.10  1.25  1.36
F 4.25 1.36 1.82 2.34
colen M 3.98 1.40 1.70  1.18
F B.42 2.00 274 1.44
B reukeRis. Moo 17.9 4.8 5.9 1.5 3.9
B 18.8 5.0 6.2 4.7 4.0
"All except Moo 1.96  1.60  1.52  1.23  1.16
leukemia
F 2.92 2.20 2.04 1.45 e B2
10 stemask wo 1.40 1.1 1.65  1.09  1.09
F 1. B3 2.47 2.36 1719 1.20
“penide BreEst | P 2.54  2.89  1.96  2.09  1.03
ey W 1.78  1.08  1.22  1.32
F 3.93 .31 1.84 2.9
geten Mo .82 1.39  1.67  1.17
F 8.09 1.97 2.867 1.42

14
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TABLE 5B EXCESS DEATHS (PER 10* Sv) BY AGE ATB AND SEX FOR CERTAIN SITE OF CANCER
(ORGAN-ABSORBED DOSE)

£G5B BEGIOE &0 HREIFEL (10% Sy

142

Wm0y, MR ARG M ORI R B DRI L)

Age ATB
RBE Site of cancer Sex <10 10-19 20-29 30-39 40+
Leukemia M 3.84 203 4.34 6.3 4.72
F 3.00 1.04 2.49 1.86 3.18
TBIL exespt. W 1.48  s.26  12.6  11.4  16.4
leukemia
F 4.07 7.07 13.7 13.7 18.6
1 stomach wooo 0.30 1.6  5.12  2.09  4.26
F 0.72 1.94 5.386 1.74 393
“Female breast P 0.3z 2.23  1.21  1.54  0.18
T Moo 0.a1 0.26  1.88  4.32
F 0.59 0.46 2452 5.54
“eaten Mo 0.63 0.3  1.39  0.66
F 0.44 .55 1.62 0.99
R rameihe | woo .46 1.19  3.87  5.12 4.2
F 2:772 2% 24 2.24 1 .79 2.88
“ALL except w  1.35  4.87  11.5  10.6  15.1
leukemia
F 3.79 6.70 3.9 3o 135
10  Stomach W 0.26  1.47  4.e3 1.5  3.12
F 0.65 1.79 4.87 1.54 3.61
“Female breast P 0.26  1.83 0.7  1.33  0.06
mng, 0 ) w o 0.31 0.22  1.69  3.79
F 053 0.40 230 4.93
eslem v o.e0  o0.36 1.3z 0.63
F 0.41 053 156 0.96

15
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For sites demonstrating a significant increase in
mortality with increasing dose (shielded kerma),
described in Table 2, risk estimates have been
computed for organ-absorbed doses and are shown
in Table 4 (sce also Appendix Table 3). The risk
coelficients shown in Table 4 are derived from Lhe
overall sample for the study and, thus it should
essentially be a weighted average of age ATB or
sex-specific risk coefficients. Since the distribution
of the study sample by age and sex should differ
by different study populations of interest, the risk
coefficients, i.e., RR at 1 Sv and excess death per
10* PYSv are shown by age ATB and sex in Tables
SA and 5B, respectively.

Age ATD and attained age (age at death)

In estimating the lifetime risk of radiation-induced
cancers for all sites except leukemia, two risk pro-
jection models have been commonly uscd, namely,
the RR model,” which assumes the risk to be a
constant proportion of the background rate, and
the AR model, which assumes the risk to be a
constant independent of the natural rate. Previous
LSS Report 9 (1950-78)% and Report 10 (1950-
82)! have presented data based on age ATD-specific
RRs or ARs by age ATB cohorts which support
the RR model. Similar data are presented here,
bascd on cancer deaths occurring from 1950-85.
The RR at 1 Gy of all cancers except leukemia,
as scen in Table 6, generally shows no difference
by age ATD among different age-ATB cohorts
(except for the age ATB<10 cohort). This result,
which supports the RR model, is more sirikingly
seen when it is assumed that the minimum latent
period for radiation-induced solid cancers is over 10
years and the values in parentheses in Table 6 are
excluded. However, the tendency for the RR to be
higher the younger the age ATD in the age ATB<10
cohort, first observed and described in the previous
report,! is also statistically significant in the present
analysis even though the D886 subcohort represents
only about 80% of the total LSS sample. The AR
(excess deaths per 10* PYGy), shown in Table 7,
rises with age in all age ATB cohorts except in the
instance of leukemia. This does not support the
notion of a constant AR throughout life, but is in
conformity with the RR model.
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# 2 1z LA dndl (R kerma ) & M ZFECEASGTE
[CHnF A E o Vv O, SRz A
A SHEEM AL, AR L A TR LB,
FAny 22 EFH, N EHOMTH S, EKEC
(R MRS, (BRI A s ERONE T -
WA, M, EBSHEHELENC ks TRELD
T, VAZEE, Tabhb,1Sv (21T A
7, 104 AR Sy U0 OB RFEE H A, i
IZ#H5A B U5B Izat L.

WA R U R (FETREER)
U095 L Sh o0 A SR 0 B St ERag S 0t ) 2 2 &
HEET AR CE, VA2 R2AEEO A BEECE
Wl sEHEMES M) 222707 L )2
THEEMEBRECELEBME I —E0ELG LT
B ERET A4 220 o0 A r#EEET L
AHNEHE AT E L UFOFGHIET 9 W (1950-
781 )8 L&tﬁmlnﬁﬁflsa{a—azfr_l’ Td, L I AL
AR A7 Xk ) 2 v 2HT ( F— v AT
EREEMS ok — Rl ERTEY, U272 T N
AEEEshTwA, AfTH, 1950-85 128 L /-
WHECICE T, DT &mbli, HEIZFL -
E 90, PREOBIBIEEM O b — b OB AR 104K
Fio i — bEBO) T, QML O EED
1Gy TOMI ) A7 LIECIFERMM CERL TS
U A7 EFLERT S5 20ERIT, KH
MRS T I O i BRI % 108 2 BE L,
#26 OFRIR NG & B 2B E 2SI BIRE &
bookhAd LiL, g ¢HTHES A, dil
shr, BBHERIOEARBMO I~ FTIEC K
EMRAEVIEEHAM)A IR E L 2w 'j{EHIPTHi
DSB8 H 7 ak— AR GHTELEAD 0% 1Y
it Eavizirarbs T, *ﬁ@#r'@ﬁﬁ.-:l-':?
MIABETCHS. RTIZHTEED, i) Ay
(10* AfE Gy S0 0MEIFEC) 12, AMFELHT
G AT OEBEEER K- | t:fsu\‘fﬁtﬂﬁfﬂl%
LAkt A, s EELSAL TIENY A
—ETHILVIELLIRTHILOTHELZL, ’rH»‘(J
AT EFNMIL—HT 5B,
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TABLE 6 RELATIVE RISK AT 1 Gy BY AGE ATB AND AGE AT DEATII FOR VARIOUS SITES OF
CANCER (SHIELDED KERMA)

%6 ZUMToOE IS S Gy TOMMY Ay, BREEERE R CFECIFERD (EdTkerma)

Age ATD ) § change of
Age ATH excess RR
Total 220 30-28 30-39 40-48  50-50  &0-69  JO#  after 19260
"Leukemia T W T
<10 17.05 44.16 3.41 8,64 Q.85 -10.6*
10-19 4.76 54.74 = 2.45 102 D.B2 -
20-29 5.08 5.33 3.54 43.08 1.02 0.82 =528
30-39 3,99 0 21.05 10.58 1.47 3.po = L]
40-49 2y 0.83 3.82 D.B2 310 6.6
50+ 6.50 15.63 B.18 6.90 0.3
Total 4,82 46.47 9.81 4,75 5.68 3,458 1.70 4._40 = ke g Rk
211 cancers except leukemia
<10 2.32 (70.07) 5.89 1.56 1.86 =10.4*
10-19 1.65 (40.90} (D.B2) 1.66 b P, 1.68 D.B
20-29 b 3 {1.34) 2.09 1.74 1.3F -0.2
30-39 e {D.Ba) {112} D B 123 1.48 8.15ug
40-449 1.24 11.25)  (1.12) 1513 139 s
50+ 1:11 (2.58) {0.%5) 1.13 1B
Total 128 75.32 222 1.60 1.58 1.3% 1.13 1.29 0.3,1.0
S5temach cancer
<10 1.58 ( Q) Tu 22 1.30 1.54 -16.6
10-19 1.74 { a)y  (0.82) 1.26 1.21 2.88 -
20-29 1.97 { 0.82) 2.66 1.93 p B ) 1.5
30-39 P ) (76.88) (1.00) D.97 1.148 1.48 3.4
40-49 g 1 1| (1.60) [d..1E) B 1 1.24 -0.0
50+ 1.086 (3.30) (0.92) 1.12 2.9
Total 1.23 0 1.30 1.26 1.70 1.40 1.06 122 0.6,5.45ug
Lung cancer
<10 D.82 { 0y 0.819 0.82 C.83 =
10-19 2..61 { 0) { o) 0.81 5.56 1.50 -3.0
20-29 1.3% { Q) 0.83 b 1.03 -0.3
30-339 L3 { a) (0.81) 1.49 1.50 1.26 .7
40-49 1239 { 0)  (1.58) 1.34 1.40 -0.5
501 La5l (0.85) (2.29) 1.44 -1.0
Tatal 1.486 D D.BA4 0.82 A 1 14597 1.44 1,39 -0.6,-0.5
Breast cancer
<10 2.07 [ 0 0 0.92 3.04 =
10-18 3.13 { oy ( Dy 10.48% 2.16 4.21 -1.4
20-29 1.85 (2.10) 0.81 2108 5.78 0.4
30-349 2.02 (0.83) (0,80} 2.86 2.28 1.03 3.4
10-49 0.85 { 0} (0.82) Lal3 0.82 -0.6
504 1.46 (8.16) (0.82) 1.37 -0.5
Total Z2.00 2 0 3.172 1.63 287 1.61 1. 0] 1:1,3+0

t For leukemia the average annual % change of excess RR after 1950
FIALM AL, 1950 LIBROAMIM ) A rDERETEE (%)

Numbers in parcntheses are the RRs before the assumed minimum latent period eof 10 years
SEAT N 0 BT G, M M I IHRS & 1058 2 L ARG 2 iAoM) A

Underlines indicate age ATB adjusted F#it#Suie®inE  Sug p<0.10, * p<0.05, *** pad. 001
= o convergence B L RO

17
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TABLE 7 EXCESS DEATHS (PER 10! PYGy) BY AGE ATB AND AGE AT DEATH (ATD) FOR

VARIOUS SITES OF CANCER (SHIELDED KERMA)

#£7  HMToSICE T SEEEC (100 AE Gy B ), ki ER L O
AR R AR (G dkerma )

Bge AID
Age ATB
Total <20 20-29 30-39 40-49 50-59 60-69 70+
Leukemia
<10 2.93 6.71 0.93 1.27 -0.01
10-19 1.19 3.95 - 0.56 0.02 -0.08
20-29 2.13 3.93 1. 52 4.84 0.01 -D.28
30-39 2.54 0 3.18 2.26 1.09 3.89
40-49 2.11 -0.35 3.07 ~0.24 3.50
5D+ 4.56 4.31 3.84 5.12
Total 2.29 6.48 2.17 g i 1.88 1.54 1.09 4.24
All cancers except leukemia
<10 2.29 (0.43) 1.32 2.85 5.16
10-19 4.66 (3.96) (-0.12) 2.00 5.84 13.31
20-29 9.38 { 1.39) 9.40 15.71 14.33
30-39 9.31 (=1.32} {353y 3.16 11.00 41.01
40-49 14.52 (2.48) { 3.:37) T3 3730
50+ 7.89 (35.29) {(-2.88) 17.21
Total 7.41 0.79 0.54 1.98 5:35 9.862 6.85 30.53
Stomach cancer
<10 0.42 { a) 0.43 0.43 1.24
10-19 1.29 { a) {-0.06) 0.23 D58 6.61
20-29 4.20 {-0.29) 5.40 5.46 B.21
30-39 2.00 [ 4.77) (0.01) -0.3% 2.82 11.93
40-49 3.95 (2.62) ( 2.24) h B s §.52
50+ 1.B0 (15.79) (~2.34) 5.56
Total 2.09 0 0.06 0.31 2.10 3.41 1.189 8.20
Lung cancer
<10 -0.02 { 0) =-0.01 -0.02 -0.10
10-19 0.80 { 0) ( 0) -0.03 1.75 B {758 1Y
20-29 0.54 ( 0) -0.06 1T 0.19
30-39 1% ( 0) (-0.10) Leln 3.82 3 ¥L
40-49 3.10 { 0) ( 0.68) 2.19 dinZb
50+ 3,22 (-0.15) t 3.11) 4.74
Total 1.25 0 -0.00 -0.02 0.56 1.1 2.62 500
Breast cancer
<10 0.18 { 0) 0 -0.03 18
10-19 1.98 { D) { 0) 2.58% 2.39 4.55
20-29 0.85 [ 0.3y -0.16 1,80 4.14
30-39 1.27 (-0.186) (-0.18) 3.83 0.686 0.05
40-49 -0.286 { ) [(-0.41) 0.20 -0.232
50+ 0.70 | R ) (-0.12} 0. 87
Total 1.02 a 0 1.09 0.76 2.88 0.61 0.02

Numbers in parentheses are excess deaths

period of 10 year

before the assumed minimum

mE MO W, HewE R BRI E0F L ASEO 2 0O BMIEC
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To determine whether an RR model fits the data
better than an AR model for all cancer except
leukemia, the goodness of fit of these models (using
the deviance) was computed and is shown separately
for the RR and the AR models in Table 8. To
estimate the background rates, two methods have
been used. Firstly, these rates within the individual
city, sex, age ATB, and attained age strala were
estimated. We have termed this the nonparametric
estimation of the rates. Sccondly, the rates have
been estimated through fitting a regression model,
which includes terms for the cflects of city, sex,
age ATB, and atlained age. We have called this the
parametric approach. Since by definition the effect
of attained age is constant in terms of relative risk
for the RR mode] or absolute risk (excess deaths)
for the AR model, there is no a priori Teason (0
expect an effect of attained age under either model.
However, when the effects of allained age exposure
are cxamined, alter adjusting for effects of age ATB
and sex, no significant effect is found under the
RR model (the difference in the deviance associated
with fitting A, S, and E from [itting only A and S is
near zero), but a significant effect is scen under the
AR model (where the same comparison results in a
difference in deviance of about 43 for one degree
of [reedom). We conclude from this that AR is
changing with attained age, and this [urther supports
the RR model.

With respect to specific sites of cancer, i.e., stom-
ach, colon, lung, and breast, although the variation
is greater than that seen for all cancers except
leukemia, because of the small numbers of cascs,
the tendency is similar. In the age ATB<10 cohort,
the risk of stomach cancer appears to be grealer
the younger the age ATD, as observed for all
solid cancers, but this tendency is not stalistically
significant. No definite wrends are observed for
breast, lung, and colon cancers, due, among other
reasons, to the fact that the respective ages of [ull
expression have not been reached as yet by the
age ATB<10 cohort. For leukemia, the pattern of
temporal change in risk cocflicients (Tables 6 and
7) is different from that for solid mmors. In every
age-ATB cohort, the RR of leukemia, which peaked
6-8 years after the bombing, tends to decrease with
years after exposure.

19
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HifE o & 8o couT, B AZET L
EDBHIMY AZEFNOENF— 2 IR EEGT S
AEIHERNZENT, ChEOEFNOBEE
% (deviance #HW T B L, ) 27270 LR
WY AT EFNIIDNTE FLFE N £ ZBIZRHRL .
R A HEE T A I o0 ik E B v k.
4, &, M, R AR R U SRRSO
Mot sEMBECELEELL KAHLIO
Fik b HRMEC RO /w334 R oy 2HEE L
WEAFS, &2 oAb, M, EEDRRE M R URELCHE
EEOBE s EZELAMBET LIS THOTHR
WMHCESHERELE, CRENFT LMY v 28k
TEAZ, 3k, #HMUAZEFLTOHMNY 27,
Rt A7 EFLTOME ) A Y GREEE) ®
WFhCOVTLRECIFEMCMLTEEOT,
WHEhoEF LT LIS EH & L 7 FECH 5 o
OEEE S S ERETABEBE . Ll #
B SF G e OF 1 0 A A i IE L T PECC IS 67 i O ke 12
WA AMEESMREE, HM)AZEFLTRAE
pmrHnohtz A (A SBUEZHEGEEL
4 ® deviance EARUS DA EMA S ELAMED
deviance MEFIFEA X V), M) A FrETW
TLH L MEFED SN (ko T, W
5 1 ) deviance M FEAE43). SO LA G, #EL
oA 7 RFEC KRR I L TR, A AT
FEFLOAPERTOS EERTTENS.

W, RN, M, FEs o BZEMLOSIonTH,
SER L ATD v 2 2 E R L Ao A B R
WAL D LI AR A, A EEAEY 60
5. PEHREEMIOEFEMO 3k — FICEVTH,
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TABLE 8 GOODNESS OF FIT OF THE RELATIVE AND ABSOLUTE RISK MODELS, FOR ALL
CANCERS EXCEPT LEUKEMIA AS MEASURED BY THE DEVIANCE (SHIELDED KERMA)

£ 8 AR S EEE M O deviance (2 & A, AU RS BT LR A7 E TN O G
Relative risk model Absolute risk model
Variable Nonparametric Parametric Parametric
for background for background for background
rate rate rate
Background 871.1 (1512) 1041.5 (1671} 1041.5 (1671)

Radiation dose 786.1 (1511)

Radiation effect modifier
Age ATBE (A) 774.5 (1510)
Sex (S) 785.6 (1510}
Attained age (E) 786.2 (1510}
city (©) 796.1 (1510)
A+ S 76€7.7 (15009)
A+ E 774.0 (1509)
S + E 778.5 (1509)
A+ S + E 766.9 (1508)

963.6 (1670) 998.3 (1670)
944.1 (1669) 982.1 (1669)
954.2 (1669) 989.7 (1669)
954.8 (1669) 945.2 (1669)
963.6 (1669) 997.6 (1669)
936.8 (1668) 975.8 (1668)
943.8 (1668) 934.6 (1668)
946.8 (1668) 942.1 (1668)
936.7 (1667) 932.8 (1667)

Numbers in parentheses are degrees of freedom

FEGR P O B e

In comparing the difference in deviance resulting from the inclusion of

an extra variable in the model,
significant at the 5% level.

a reduction in deviance of 3.84 is

EFLCLESABEMNT Ao L2048 U S deviance DM H T, 30840 deviance ORCP LD %ok T E TR S,

Both the RR and AR are higher the younger the
age ATB in every age-ATD group for all sites of
cancer except leukemia (Tables 6 and 7). It is
particularly noteworthy that the highest RR value
occurs in those survivors exposed al younger ages
(especially if under 10 ATB) on whom accurate
eslimates of risk have not been possible carlier
since these survivors had not yet attained the cancer
predilection ages. A similar tendency is observed
for cancer of the stomach and breast. For lung
cancer, the increase in risk for younger age ATB
is not shown, partly because, they have not reached
yet the cancer predilection ages for this cancer site.
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Cancer risk estimation for age ATB<10

In the previous section, it has been noted that the RR
of all cancers except leukemia in the age ATB<10
cohort is higher the younger the attained age (age
ATD), and differs in this regard from the RR in
the other age-ATB groups. This could imply that
the latent period of radiation-induced cancers is
shorter in the high-dose group (i.c., the attained age
of radiation-induced cancer is carlicr) than in the
controls. To demonstrate this, cumulative mortality
rates were calculated using life table methods for the
1.00+ Gy group, the 0.50-0.99 Gy group, and the
0-0.09 Gy group (as a comparison) and contrasted
(Figure 2). In the 1.00+ Gy dose group, the
cumulative cancer death rate over the entire study
period is 25.9 X 102, four limes the rate, 6.5
x 1073, in the 0-0.09 Gy group. Moreover, cancers
develop carlier than in the 0-0.09 Gy group, with
the first death from stomach cancer, a boy of age 9
ATB, oceurring 13 years after exposure. The 0.50-
0.99 Gy group exhibits an intermediate pattern, a
higher cumulative cancer death rate (16.2 x 1079)
than that seen in the 0-0.09 Gy group. Cancer deaths
(12 cases, excluding leukemia) in the 1.00+ Gy
high-dose group include deaths from pelvic tumor,
ovarian cancer, pancreatic cancer (2), reticulum
cell sarcoma, liver cancer, thyroid cancer, stomach
cancer (3), uterine cancer, and unspecified cancer.
Though the number is small, the distribution by
site is not conspicuously different from that in the
general population.

The cumulative distributions of cases for all cancers
except leukemia by time since exposure until death
are shown by apge ATB for beth the high-dose
(1.00+ Gy) group and the control (0-0.09 Gy) group
in Figure 3. As indicaled, the latent period (time
since exposure until death) is shorter for the high-
dose group than that for the control group in the
age ATB <10 group, whereas no such shortening
is observed in the age ATB> 10 group. These
findings are again confirmed by a comparison of
the average length of time since exposure until death

(Table 9).

The 0-9 age-ATB group was divided further into
two groups, ages 0-4 and 5-9 ATB (data are not
shown). A meaninglul analysis of the 0-4 age-
ATB group was not possible, however, for most
of these individuals have not yet reached the cancer
predilection ages and the number of cancer deaths
over (.50 Gy is small (5 cases).
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FIGURE 2 CUMULATIVE MORTALITY RATE FROM ALL CANCERS EXCEPT LEUKEMIA
AND 90% CONFIDENCE INTERVAL BY TIME SINCE EXPOSURE AND RADIATION DOSE
(SHIELDED KERMA) FOR THOSE EXPOSED UNDER AGE 10
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FIGURE 3 CUMULATIVE DISTRIBUTION OF DEATH FROM ALL CANCERS EXCEPT
LEUKEMIA BY TIME SINCE EXPOSURE, AGE ATB, AND RADIATION DOSE
(SHIELDED KERMA)
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TABLE 9 MEAN YEARS (ITS STANDARD ERROR) SINCE EXPOSURE TO DEATII BY RADIATION

DOSE AND AGE ATB (SHIELDED KERMA)

789 BAASIEC £ COFIIEE (ZOEEMESSE) | M IR OO R (0 4 kerma )
Radiation dose (Gy)

Age ATB 0-0.09 0.10-0.49 0.50-0.99 1.00 tesT t
Total 24.8 (0.2) 25.4 (0.3) 25.2 (0.6) 25.8 (0.5)
<10 33.2 (0.6) 33.7 (1.1) 35.0 {1l.5}) 25.5 (2.4} p<0.001
10-19 32.0 (0.4) 2.3 (1.0} ey - 31.9 (1.0}
20-29 29.9 (0.4) 30.2 (0.8) 28.9 (1.6) 28.9 (1.1)
30-39 27.9 (0.3) 29.2 (0.6) 28.8 (1.1) 2B.6 (1.1}
40-49 25.3 (0.2) 25.5 (0.5) 28.6 (0.9} 25.3 (0.9)
50+ 18.2 (0.2) 18.6 (0.5) 17.7 (0.9} 17.8 (1.0)

1 Equality of mean years among radiation dose groups were tested by

age ATB.
B R RERE I T O PO - A MR R R L 2

TABLE 10 RISK COEFFICIENTS FOR AGE ATB UNDER 10
F10  FHIFEBIOSE RGO A 2 {5

No. of Relative risk
Disease cases at 1 Gy Excess deaths per 101 PYGy
Shielded kerma
Leukemia 31 17.1 (9.17, 38.4) 2.93 (2.23, 3.58})
All
cancers 111 2.35 (1.61, 3.44) 2.29 (1.%3, 3.68)
except
leukemia
Organ—-absorbed dose
Leukemia 31 19.8 (10.6, 45.3) 3.39 (2.59, 4.17)
All
cancers 111 2.66 (1.74, 4.00) 2.82 (1.37, 4.56)
except
leukemia
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For both shiclded kerma and organ-absorbed dose,
the RR at 1 Gy and the excess deaths per 10* PYGy
for leukemia and all cancers except leukemia for
the age ATB<10 cohort, postulating a lincar dose
response, are shown in Table 10. With organ-
absorbed dose, in the years 1950-85, the annual
excess deaths per 10* PYGy for all cancers except
leukemia is 2.82. Considered in terms of age ATD,
the risk is the highest in comparison with other age-
ATB cohorts as previously seen (Tables 6 and 7).

Temporal change of site-specific cancer risk
The changes in RR at 1 Gy [rom 1950-85 are
shown in Table 11 and Figure 4 for successive
S-year periods of surveillance. The RR for the
three years (1983-85) of the last five years (1981-
85), excluding the years 1981-82 included in the
previous Report 10, is also given. The average
annual changes in excess RR for leukemia after
1950 and for cancers other than leukemia after 1960
are shown in percentages, taking into account the
minimum latent period for carcinogenesis.

It is commonly known that the risk of leukemia
has decreased with timne, peaking 6-8 years alter
exposure to the bomb, and this temporal pattern
differs somewhat by age ATB particularly for acute
leukemia.? The younger age-ATB group reached the
peak earlicr and decreased more quickly therealter
as compared with the older ape-ATB groups.? As
seen in Table 11, the RR of leukemia has decreased
with time after 1950. However, the RR is still
significantly high for the years 1981-85, but when
examined by age ATB, an excess in this period is
observed only for the age 30-49 ATB group. For
the age ATB <30 group, no excess deaths have been
observed after 1970. (No excess was observed for
the age ATB 504 group in the period 1981-85,
probably because of the small number of subjects
who were still alive in 1980; age 85 and over.)
When examined by cities, significance in excess
deaths for the period 1981-85 is obtained only in
Hiroshima. (Number of leukemia deaths among
survivors exposed to 1.00+4 Gy: four in Hiroshima
and one in Nagasaki,) No significant increase in
risk is observed after 1971 in Nagasaki, reflecling
the small sample number, especially the number
exposed to high doses within the DS86 sample.
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TABLE 11 RELATIVE RISK AT 1 Gy BY OBSERVATIONAL PERIOD FOR VARIOUS SITES OF CANACER (SHIELDED KERMA)

#£11 FHUOBITHHETA1Gy TOMHY 27, BELM GEfikerma)
¥ change of A
excess RR after 19607
S5ite of Total
cancer 1950-85 1950-55 1856-60 1961-865 1966-70 1371-175 1976-80 1981-85 1983-85 {a) [§53]
Leukemia No 202 35 39 26 18 28 31 25 12
RR 4,92 11.72 10.90 4.50 £.70 2.19 1.64 2.92 1.8%
(3.89,5.40) (6.70,23.79) (6.12,232.43) (2.18,10.03) (3.14,15.64) {1.13,4.42) (0.96,3.03) 11.47,6.33) {0.93,4.49) S0 it S B
All cancers No 5734 532 837 773 843 923 987 1037 €27
except RR 1,29 ) B | Lal2 1,23 1.26 1.29 1.40 1.43 1.47
leukemia (1.23,1.36)(1.05,1.48) (0.98,1.20) (1.06,1.43) (1.11,1.44) [(1.14,1.48) (1.23,1.59) 11.27,1.62) {1.27,1.73) 3.5* -0.19
Esophagus No 178 20 18 29 18 25 26 20 13
RR 1.43 1.58 - P I | 2.02 0.84 1.10 1.16 1423 0.83
(1.09,1.911¢ +3.85)(1.33,5.96) (1.03,4.16) { B W 7 B s2.600 ( L 3.13) [0.86,2.72) 4 ,2.05) =-22.65ug -18.8
Stomach No 2007 218 281 297 322 330 303 256 145
RR 1.23 1522 1.01 1.28 1417 1.11 1.45 1.45 i.63
{1.13,1.349) (0.95,1.84) ( +1.29) (1:04;1.61) (0.98,1.43) (0.92,1.38) (1.15,1.87) (1.14,1.88)(1.20,2.26) Sl L2
Colon No 232 12 9 21 36 41 47 66 37
RR 156 0.82 0.82 1.62 1.82 1.30 1.33 1.61 1.99
(1.25,1.98) ( Rl e 5 E 2.07) 1 y4.14) 10.98,3.39) | L2.58) [1.24,3.12) ([1.12,2.48¥11.18,3.52) 4.5 -7.0
Lung No 638 i6 28 62 114 115 150 146 g6
RR 1.4¢ 0.82 1.94 1.58 152 172 1.5@ 1.10 1.07
112258, 5.02) 4 ,1.72) (0.91,4.24){0.97,2.64) (1.03,2.30) (1.23,2.48) (1.13,2.18) (0.84,1.56)( s L. T8) =Z.8 =4.7
Female No ok 15 16 28 22 21 26 27 14
breast RR 2.00 0.84 1.01 1.23 5.03 0.84 2.96 255 2SS
{1.48,2.735) { y2.88) ( P L2.82) 12.38,12.08) +1.70) {1.45,6.55) [1.29,5.13)11.0%,6.76) 5.4 1.1
avary No 82 6 i 12 13 11 17 lE F:
RR 1.81 1.87 0.82 0.82 2.1 .68 2.33 0.82 0.81
(1.16,2.88) 29,51 | T3 +3.50) (0.93,8.30) [1.22,11.55)11.058,5.32) L2.89) 1 ,2.70) 26 -3.9
Urinary No ¥33 ] 11 25 37 28 14 25 17
tract RR 2.02 0.82 0.82 0.%7 5.72 0.83 385 187 3:15
(1.45,2.87) ( +4.13) ( e 23 A +2.80) (2566, 18019 ( ,1.45) (1.38,10.92)(1.82,7.76){1.30,7.85) 9.65ug 6.6
Multiple No 38 = 2 2 2 © 7 16 g
myeloma RR 2.886 25.33 8.42 0.83 0.81 2.44 e b 2.41 4.25
{1.55,5-41) ( ' I . 1 + 14250 ,9.31) (0.97,8.900 (1.12,22.22)(1.02,6.71)(1.31,15.65) ~-3.1 =837
+ FPor letkemia the average annual % change of excess RR afrer 1850 HBIMAOMGIE, WHFNBOBEETY 27 DETEHELSE (%)

Numbers in parentheses indicate a 90% confidence interval,

{a) Not adjusted for age ATE HBGFR&IIEL Tuiw
{b) Adjusted for age ATE RiBEENR STIEL S

x*x  pc0.001,

* peB.05, Sug p<0.10

ErER e RR - &7 BEA IR R CHERHIR S ol

§8-C AL LA
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FIGURE 4A VARIATION IN RELATIVE RISK AT 1 Gy (SIHIELDED KERMA) OF MORTALITY BY
TIME INTERVAL AND SELECTED CANCERS; BOTH SEXES, ALL AGES ATB

4 A

WEOBO 1 Gy (2 A ) A 7 OREEMm AL Bkadt,

G AR A L i kerma )

LEUKEMIA

ALL EXCEPT LEUKEMIA
|+3.5%/Yr, —0.9%/Yr)

|
| 1—9.0%/yr, —9.0%/¥r)
G20} .| e zn|L
= M
%10 W‘;__ 10|
T | i |
1 ]
w 3
3 ] | i
2 5; I 5}
k-8
i |
{1 2% | Y J._ /i |
g g ~ | A 2t
< el ! -
= | R T L
5 1" 1 = :
o
1950- 56- 61- 66- 71- 76- 81- AN 1950- 56. 61- 66- 71- 76- 81- Al
FOLLOW-UP INTERVAL FOLLOW-UP INTERVAL
20 . 20
LUNG
10 3
L (=2.8%/%r, —4.7%/Yr]
5 | STOMACGH o
(+6.1%/Yr, +1.2%/Y1) |
) 2
[ ' ‘|
|~ s e S [ii
1 | S 1
i L
1950- 56- 61- 66- 71- 76- 81- Al 1950- 56- 61- 66- 71- 76- B1- Al
FOLLOW-UP INTERVAL FOLLOW-UP INTERVAL
BREAST
(+5,4% (Y'r, +1.1%/ Y}
20 o
10 |
]
I
5 & .'T | i
! —
N =
] /) ;f'IL | ]
21 | [ A
| ey
1 | | ." \|/
* * * =
1950. 56. 61- 66- 71- 76 81. Al

FOLLOW-UP INTERVAL

Numbers in the parentheses are averags annual percent change of exeess relative risk without or with age ATH adjustment for radiation effect.
B o8, B OREC OO THBIFERATEL A VEBS LTEL 2 MGOARAM Y 2 7 OFETERELE (%),

Bars indicate 90% confidence interval of relative risk at 1 Gy. Dashed lines show the fitted time trend during 1950-85 for leukemia. 1961-85

for other cancers.

B LGy B SHIM Y 27 Q00 %A HEM £oach, BEE . ORSTTI1950 -85, £ O L@ T (L1961 - 85 e s hk

FEugy M &R
*Minimum feasible value

e ) & T i ol

27



RERF TR 5-88

FIGURE 4B  VARIATION IN RELATIVE RISK AT 1 Gy (SHIELDED KERMA) OF MORTALITY BY
TIME INTERVAL AND SELECTED CANCERS; BOTII SEXES, ALL AGES ATB
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The RR for all cancers except leukemia increases
significantly with time after 1960. The mean
increase in excess RR per annum is 3.5%; this value
becomes —0.9%, however, after adjusting for age
ATB and is no longer significantly different from
zero (Table 11). This is attributable to the fact that
among those survivors of the same age ATD, the
youngest age-ATB cohort with a high RR, having
now altained the cancer predilection age, contributes
importantly to the excess RR in the entire cohort.

When individual sites are studied, none exhibits
statistically significant annual changes after adjust-
ing for age ATB, but at face value stomach, breast,
and urinary tract cancers seem Lo show an increasing
tendency, while cancers of the esophagus, colon,
lung, ovarics, and mulliple myeloma show a de-
creasing one.

Sex and other modifying factors

Sex. In Table 12, the RRs of cancer mortality at 1
Gy and excess deaths per 10 PYGy are presented
by sex for the relevant organs. The RR does
not differ for leukemia, but for cancers other than
leukemia it is higher for females than for males,
particularly for cancers of the esophagus and lung
for which the difference in excess RR by sex is
statistically significant (p<0.05). The higher RR
among females for cancers other than leukemia
presumably reflects the fact that the background
mortality rate is higher for males than for females.
For leukemia, however, though the background rate
is also high for males, the RR is equal for males
and females.

Excess deaths per 10* PYGy for each sex were
calculated using an additive excess RR model® (i.c.,
the RR is expressed as a function of both radiation
dose and sex), so that the estimates of the excess
deaths would be essentially free from differences in
background cancer mortality for the two sexcs and
organs (Table 12). Excess deaths per 10* PYGy do
not differ signilicantly by sex, except for leukemia.
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TABLE 12 RISK COEFFICIENTS BY SEX (SIIELDED KERMA)

#12 ) A 7 REL 1N GE#Ekerma )
Eatimated RR at 1 Gy Excess Deaths per 109 PYGy

Site of cancer iz e

Male Female M/F Test HMale Female M/F Teat
Leukemia 4.96 4.92 1.00 3.4 1.80 1.74 *
All cancers except leukemia 117 1.44 0,81 #*& 5. Th 8.78 0.66
Escphagus 1.139 2.99 0.40 * 0.30 0.40 0.75
Stomach L: 18 1.36 0.85 2.01 2.18 0.92
Colon 1.45 1.67 0.87 0.60 0.51 1.18
Lung 1.26 1.86 0.68 * 1.07 1.47 0.73
Urinary tract 2.00 2.15 0,93 0.81 0.42 1.93
Multiple myeloma 5,29 2.32 2.28 0.23 0.21 1.10

*p < 0.05 *% p < 0.01

Other factor: Smoking. Since smoking is the
most significant risk factor for the induction of
lung cancer, the radiation-related risk coefficient for
lung cancer was also estimated for all subjects of
both sexes when smoking data arc availeble (50%
of the total cohort). Though, the detailed results
will be described in a separate report,'? the main
findings are shown in Table 13. When the effects
of smoking are ignored, the RR of lung cancer at 1
Gy is significantly higher for [emales than males, as
seen in the total cohort. However, after adjustment
for the elfects of smoking, the difference in RR
for males and females is no longer significant, Tt
would thus appear that the effects of radiation may
not differ by sex, though the RR may be higher for
females, where the proportion of smokers is only
16%, than for males, where the proportion is nearly
84%.

Table 13 (see column 5) also provides a test of
whether or not an interaction occurs between smok-
ing and radiation in lung cancer induction. Note that
no statistically significant interaction exists which
implies that smoking and radiation act additively
rather than multiplicatively in lung cancer induction.

To examine this issuc further, a cumulative lung
cancer mortality rate was calculated using life table
methods on the cohort for whom smoking informa-
tion is available to determine il a dose-dependent
shortening of the latent period occurs when smoking
is considered. Since the number of lung cancer
deaths is small, the cohort was divided into only
two radiation dose groups, namely, 0-0.09 Gy vs
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0.50+ Gy, and smokers vs nonsmokers.  The JemtE & F oL A0 C O OF N - BRI R
cumulative lung cancer morlality rales among the 519 5 2 HIBRS AU A B s 5 T L
[our exposurc-smoking groups are shown in Figure

3 for the sexes scparately.

o AT H (B4 % ) T s YL (i = T
For males, where the majority are smokers (84%), GEht” PERRRE COUR Gy B0 1) 12 B0 2024 005
an cxeess in mortality among smokers in the "heav- B E1965 IR 20 A A T 24 T 5 24,
ily" exposed group (0.50+ Gy) beecame apparent JECH L0 Gy ) BEIE S OUFIEAIL £ LA

around 1965, but the background mortality rate (0
Gy) also increased at about this time. Thus, no

Ao T, EBEC X AR METT RS AR gL

dose-dependent shortening of the latent period is JEMERE T, RGP LD AR
observed. For nonsmokers, no excess in mortalily Wi

occurs in the heavily exposed group,

TABLE 13 RADIATION EFFECT BY SEX FOR LUNG CANCER (SITELDED KERMA)
£13 0 HigRiz a4 4 ﬁkﬂf%ﬁﬁo‘ﬂ:ﬁ:‘#‘« PR GERE kerma |

Hodel
Varinhle - o
1 2 3 3
Radintion dose {Gy] L. D0 5,829 5. 788 [P TET
(6.181) (8.450) (8.002) (9.641) (10,30}
Cumulntive ciparelte TR s JLLEXT1DT 2 .3’_—?5}’.1(\“2
consunptien {.7651%107 ') ( T84x1072) (.8654x1073)
{ciparettes/day » yr)
Radiantion Effect
modifisr:
Ape ATB -.079 =050 ~. 067 -.063 -.066
(.054) (.044) (.046) (.045) [.043)
Sex .2 1] -.658 -.362
{1.984) {1.281) {1.2758)
Cigarettes -0.2‘351:10_3
(.2190x10°2)
Daviance 443,947 440,625 306,783 366.436 366.430
daf 350 31839 3189 3188 3187
TEST for equality of XT(1y=3.316 X (qy=347
radiation effect by sex
p<.10 P>, 10

Relative risk at 1 Gy
for Age ATB=30

Male 1411 1.53
Female 2.7 2.03

Numbers in parentheses indicate a standard error of the risk coefficients,

N T E SRR 0 Sk - e B8 T
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For females, where there are few smokers (16%),
the excess mortality for the heavily exposed group
began about 1966, but no shortening of the latent
period is observed among nonsmokers., Among the
smokers, though an cxcess mortality was apparent
somewhal later, about 1973, no shortening of the
latent period is observed. To recapitulate, there is
no shortening of the latent period with exposure
either among males or females when smoking is
considered, and although an excess in mortality
in the heavily exposed group appears lo occur
earlier among nonsmoking than smoking females,
this tendency was not seen in males.

FIGURE 3
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CUMULATIVE MORTALITY RATE IFROM LUNG CANCER BY RADIATION
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Dose response

The dose-response curve for cancer mortality is
expressed as the product of a term which generally
increases with dose and & term which decreases with
dose. As the second lerm takes into consideration
a cell-killing effect at high doses, it can be ignored
al the low-dose level.
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Since the doses received by the A-bomb survivors
ranges from low 1o high, the dose-response curve
will first be examined for the entire dose range.
Bricfly, three basic models were considered: linear
(L), lincar quadratic (LQ), and quadratic (Q). In
addition, a ccll-killing (K) term was added to
each of these three basic models and they were
designated as: L-K, LQ-K, and Q-K. Deviances
were used Lo evaluale the goodness of fit of these
models to the observed dose-response curve using
organ-absorbed dose as well as shielded kerma. In
Table 14A, the differences in devianee between the
[. and the non-L models with a linear term, ie.,
LQ, L-K or LQ-K arc shown. Among nonnested
models, although the goodness of fit of any onc
the dilference in the [it of
two different models cannot be compared in &
straightforward manner. Since the L and Q models
are not nested, a direct comparison of their fit is
impossible statistically. As an aliernate, we give a
comparison of the Q and LQ models. The results
with organ-ubsorbed dose clearly indicate that the
LO modecl fits significantly better than the Q model,
except lor cancer of the celon for which both it
equally well.  Except in cases of leukemia and
colon cancer, the three nonlinear models do not it
any beller than the simple L model when organ-
absorbed doses are used.  For leukemia, the LQ
model with a cell-killing erm [its somewhat betler
than the L model (Figure 6). For colon cancer, the
LQ or LQ-K model [its betier than the L model.
Further analyses, using shielded kerma, give very
similar resulls 1o those just described for organ-
absorbed doses; in general, nonlinear models do not
fit appreciably better than the linear one except for
leukemia and colon cancer. It should also be noted
that even [or all cancers except leukemia, where the
L.Q model affords a somewhat better (statistically
suggestive) fit than the L model, the coeflicient for
the quadratic dose term is negative. This may reflect
the fact that the dose-response curve bends down at
high doses, though the L model with a cell-killing
term does not {it any better than the L model.

can be ascertained,

Under the T65 dosimetry sysiem, the dose-response
curve dilfered between Hiroshima and Nagasaki,
and the difference was large for leukemia. In
Hiroshima, the curve was linear for the entire dose
range, whercas in Nagasaki the curve was nonlinear
in the low-dose range. Under the DS86 dosimetr

system, though the dose-response curve scems Lo
be lincar as a result of the shifting of subjects with
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high T65DR doses to lower doses under the DS86,
nonlinearity still remains in the low-dose range in
Nagasaki (Figure 7). Accordingly, the goodness
of fit of the dose response was delermined for
Hiroshima and Nagasaki scparately under DS86 in
comparison with that for T65D.

SRRl E AR 5o ST N B A U ol (T LN 23
DA NEFII 12 & IR IR B & L THEE
FT5(B7). LAAST, DSS6TO RGO 5
[ &, TESD OBy G &L EsdT, IKE - Lkiglizo0n
TR 4 1T,

TABLE 14A DIFFERENCE IN DEVIANCE BETWEEN TIHE LINEAR (L) MODEL AND OTIER
NONLINEAR MODELS; LINEAR-QUADRATIC (LQ) MODEL, LINEAR WITIT CELL-KILLING (1.-K}
MODEL, LINEAR-QUADRATIC WITH CELL KILLING (LQ-K) MODEL, AND BETWEEN (Q) AND (L.Q)
MODELS FOR SELECTED SITE OFF CANCER

A FFESEOMIZHT 3, BF (L) EFLsoEgEE 70— 81 Ok (LQ) T70, filstns

14 38 (L-K) €70, #RMNFEH &6 4 380 K (LQ-K) 7L — JiiFl:
QEFLE LQ EFLOMO deviance D #
Site of cancer Ch) = (20 (L} -{L-K} (L) - (LO-K) (Q) - (LQ)
df=1 df=1 df=2 df=1
Shielded kerma
Leukemia 0.6 0.5 6.4% 16.8%k%
All cancers 2.8 Sug 2.8 Sug 2.8 3B.4xxk
except leukemia
Stomach 0.8 1.3 18 10.8*%
Celon 5.1% 1.6 7.9% 0.2
Lung 2.2 2.2 28 T1., Fekekeck
Female breast 0:1 0.2 = 5.T*
Organ-absorbed dose
Leukemia 0.2 0.2 6.9% 21.4%*%*
All cancers 2.0 23 3.3 34, 1***
except leukemia
Stomach 0.4 1.6 1.6 B.7k*%
Colon 6.5% 2.4 9.6%*% 0.5
Lung 2wl 2.3 2.2 12, Tk
Female breast 0.3 0.5 = 6.9%%
Ssug p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001

= No convergence in LQ-K model

LQ-K EF LTIl 40
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DIFFERENCE IN DEVIANCE BETWEEN THE LINEAR (L) MODEL AND

LINEAR-QUADRATIC (LQ) MODEL, AND QUADRATIC (Q) AND L.Q MODELS BY CITY FOR
LEUKEMIA AND ALL CANCERS EXCEPT LEUKEMIA

F1R

L T LA gk o) i s 12 et s,

) AL R LQET IO devianee O,

W (L) T 0 LRI K (LQ) BT LRI

Fils 3 5l

“Leukemia All cancers except leukemia
City (L) - (TQ) (2) = (L) (1) — {1} (Q) - (L)
Shielded kerma

DSEE (<6GY) T 0.6 16.8%%% 2.8%ug 38 4rHk
H 0.6 14 . 5% G5 23.3%%%

N 0.0 3.1Sug. 4,0% 16.3%%*

DSEE (<4Gy) T 6.T7%* 3..9% 0.0 15, 9%%%

H 4.6% 4. 4% 0.2 16 .2+

N 2.6 0.1 s Tod**

T6S (<6Gy) T 1.5 10.7*% 0.4 21 , Q%
H 0.2 13 ;4%%k 2 B 16, 85%¥
N 3.1sug 0.0 Bl 3.75ug.

Organ—abosrbed dose

DSEe (<6Gy) s D2 21 g k= 2.0 2. - W
H 0.1 18.8%%% 0.0 AEE PO

N 0.0 3. 0% 3.78ug 14 S

DS86 (<4Gy) i 2.4 Y30k 0.7 26, gEE*
H el S bk 0.0 15.8%%%

N 0.4 1.4 2.4 12, . 2%%%

TEL (<EGY) T 0.7 14.3%%% B 2. 3%%k
H 0.0 16. 4%*¥ 0.1 16.1%%%

2l Qe 00 5.4%
Sug p<0.10, * p<0.05, ** p<0.01, *** p<0.001

Under the T65 dosimetry system, the leukemia data
fit the L. model in Hiroshima, but in Nagasaki the
data show a better fit with the Q or LQ model.
However, over the entire DS86 range, the L model
shows a good [it for both Hiroshima and Nagasaki,
but when restricted 1o <4 Gy, the LQ model presents
a good fit for both Hiroshima and Nagasaki. This is
in agreement with the good fit of the LQ-K model 1o
the entire dose range for Hiroshima and Nagasaki
combined, that is, a better [it of LQ model than
L model in the low-dose range (Table 14B). For
all cancers except leukemia, the L model shows a
good fit in both Hiroshima and Nagasaki under both
T65D and DS86. Morcover, even for the <4 Gy
range, the L model gives a good fit (Table 14B).

Tes# M HEw N T, IKBOA s 7T— 2L -E7
Ll G A, RBOF—51EQ XIF LQEF L
HUTENRW@FESR T, DS86 Tt i Lt
T, LEFWAEE - BFOM G2 @G 54,
4 Gy RBIZE-&a L, LQEFT L AT IEZ R L
I8 A - R IR Pl
SRR DT LOQ-K =7 af il &4 2 &,
T, LR EETRLTEFLEN 1 TFLO )
ARG T At T A (LB,
L@ i ik rid, TE5D & DSEs D cithd e,
MrHE L EF LA B GEN T 4. #i, 1 Gy 454

LEFLHFRVGEGE &0 (R1AB).
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Py 4 3 o8
SRk
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FIGURE 6 OBSERVED AND FITTED ORGAN-ABSORBED DOSE-RESPONSE CURVES FOR
LEUKEMIA AND FOR ALL CANCERS EXCEPT LEUKEMIA
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Daose categories used in plots for observed dose-response curves are 0, 0.01-0.05, 0.06-0.09, 0.10-0.18, 0.20-0.48,

0.50-0.99, 1.0-1.9, 2.0.2.9, 3.0-3.39, 4.0+ Gy.

MRt GO Ty PR FI20, 0.00-0.05,

0.99, 1.0-1.9%, 2.0-2.9, 3:0-3.39, 1.0+ Gy.

Since the ncutron dose is very small under the
DS86 system, an analysis of the dose response
using the gamma and neutron doses separately or
to estimate the neutron RBE is difficult. However,
the neutron RBE has been and continues to be of
sufficient interest to warrant an effort. Accordingly,
the following three models were [itted: lincar for
both gamma rays and neutrons (L-L); lincar and
quadratic for gamma rays and lincar for ncutrons
(LQ-L); and quadratic for gamma rays and lincar
for neutrons (Q-L). Briefly, the LQ-L model fits
better than the Q-L, whereas the L-L and LQ-L
models fit equally well for the five selected sites and
solid malignancies collectively. Even for leukemia,
the LQ-L and L-L models fit equally well where
a possible nonlincarily in the low-dose range was
observed when total dose (gamma plus ncutron) was
used (data arc not shown). Estimates of the RBE
of ncutrons (standard error) for leukemia and all
cancers cxcept leukemia are 52 (60) and 11 (39),
respectively, based on the L-L model. (Incidentally,
the RBE for leukemia based on the LQ-L model is
149 ar 0.01 Gy, 60 at 0.1 Gy, and 27 at 1 Gy.)
However, the uncerlaintics in these estimales are
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FIGURE 7 SHIELDED KERMA AND ORGAN-ABSORBED DOSE-RESPONSE CURVES FOR
MORTALITY FROM LEUKEMIA AND ALL CANCERS EXCEPT LEUKEMIA BY CITY AND
DOSIMETRY SYSTEM
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The insert in tha upper right hand corner of each figure is an enlargament of the ohserved cancer ratos at dases
of less than 1.0 Gy.
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Dosa categories used in plots are 0, 0.01.0.05, 0.06-0.09, (.10-0.19, 0.20.0,49, 0.50-0.99, 1.0-1.9, 2.0+ Gy,
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too large to permit serious consideration of these
RBEs.

As it is often difficult to extrapolate the risk at
low doses from the risk coclficients obtained in
the high-dose range, the risk coefficients oblained
at low doses were compared with those for the
entire dose range (Table 15). Under 0.20 Gy, the
increase in the risk coelficient is not statistically
significant for any cancer site, but under 0.50 Gy,
the risk coelficients for leukemia, all cancers except
leukemia, stomach cancer, and lung cancer were
statistically significant. The risk cocfficient for
breast cancer is significant at less than 1 Gy, but
that for colon cancer is not significant even at this
level of exposure. Next, the risk cocfficients in
the low-dose range (<0.50 Gy) were compared with
those in the high-dose range (0.50+ Gy). As for
leukemia, the risk coelficient in the <0.50 Gy range
is smaller than that in the 0.504 Gy range. This
also suggests that the dose-response curve [its the
LQ model. Other cancers except leukemia showed
no difference in risk coelficients between the low-
dose level and the high-dose level, suggesting that
they fit the linear model. However, colon cancer
showed no elevated risk at <0.50 Gy; an increase in
risk was observed only in the high-dose range. The
difference between the two dose ranges in this case
is, thereflore, significant.

To determine the lowest dose range where a statis-
tically significantly higher cancer mortality occurs
than that seen in the control (0 Gy) group, Table 16
was constructed, With shielded kerma, the lowest
dose ranges arc 0.20-0.49 Gy for all cancers excepl
leukemia and lung cancer, 0.50-0.99 for leukemia
and cancer of the breast, 1.0-1.9 Gy for cancer of the
stomach, and 2.0+ Gy for colon cancer. With organ-
absorbed dose, the corresponding ranges are 0.20-
0.49 Gy for leukemia, all cancers except leukemia,
and cancer of the lung, 0.50-0.99 Gy for cancers of
the stomach, and 1.0-1.9 for colon cancer.
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TABLE 15 EXCESS RELATIVE RISK PER GRAY IN LOW-DOSE RANGE

%15 MEEMREAIC ST 516y KA ORBHAY A7

RERF TR 5-88

Site of cancer

~ Dose range (Gy)

Equality of excess RR

0-6 <.20 <.50 <1.0 <.50 .50+ Test
Shielded kerma

Leukemia 3. 92% %% 37 1.808Sug 2.37%** 1.94 4.02

All cancers except 29k k% . 648Sug «34* - O FHE .32 .29
leukemia

Stomach 23k %k .24 .24 B .23 23

Lung SAERRE 112 1.06% I 1.04 .45
Female breast 1.00%%% —_54 .22 1.2) .17 1.03
Colon .56%%* -3 _04Sug -.46 -.06 ~.43 .59

Organ-absorbed dose

Leukemia 5.21%%% - 12 2.40% 3.06%KF 2.44 5.53 *
All cancers except L4l .54 .38%* LAEEER .37 .42
leukemia

Stomach B i o 17 .455ug <A1k .45 .26

Lung B3k A 1.09% .B3x* 1.06 .60
Female breast 119k 21 .88 1.78%%* .B2 1.21
Colon .B5%*% -2 955ug -.53 =10 ~.52 .98 Sug

Sug p<0.10, *

p<0.05, ** p<0.01, *** p<0.001
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TABLE 16 ESTIMATED RELATIVE RISK COMPARED TO TIIE 0 Gy GROUP
F#16 0Gy B LB L 2B A OHEM Y A Y

A) Shielded kerma

Shielded kerma (Gy)

Site of R

cancer L.01-.05 .06-.09 .10-.19 .20-.49 .50-.99 1.0-1.9 2.04

Leukemia 1.14 .25 1.27 159 2.79 6.09 16.84
(.80,1.62) (.06,.6B)(.74,2.08) (1.03,2.42)(1.77,4.30)(4.02,9.16)(11.52,24.60)

A11 cencers 1.03  1.09 1.07 1.10 1.21 1.50 1.97

exeept (.97,1.09)(.99,1.20)(.98,1.17) (1.02,1.19)(1.09,1.33)(1.34,1.69)(1.69,2.28)
leukemia

Stomach 1.05 1.07 1.01 1.08 1.14 1:47 1.65
(.95,1.15)(.90,1.25)(.86,1.17) (.95,1.24) (.96,1.34) (1.20,1.78)(1.24,2.14)

Lung 1.23 1.46 1.07 1.47 1.47 1.94 2, 56
(1.04,1.46)(1.10,1.92)(.80,1.42){1.16, 1.84) (1.09,1.95)(1.38,2.66) {1.65,3.80)

Female 1.12 T 1.06 1.19 2.23 2.82 3.43
breast (.80,1.58)(.30,1.42)(.57,1.82) (.71,1.94) (1.35,3.57)(1.49,4.93)(1.56,6.61)

Colon 1.04 a5 .58 .92 1.01 1,8 400
(.79,1.36)(.42,1.25) (.32,.97) (.60,1.36) (.59,1.64) (.64,2.18)(2.33,6.48)

B) Orgen-absorbed dose

Organ-absorbed dose (Gy)

Site of
cancer .01-.05 L06-.09 .10-.19 .20~ 49 .50-.99 1.0-1.9 2.0+
Leukemia .99 .61 1.08 .79 8.01 18.57

(.68,1.40)(.25,1.22)(.61,1.82)(1. 1 2.68) (2. 7%“3‘19)(5 34,11.94)(12705,28.20)

A1l cancers 1.0& 1.08 1.06 1.12 1.36 1.66 2.05

except  (1.0,1.12) (.98,1.19)(.97,1.16)(1.03,1.21)(1.23,1.51) (1. 45,1.90)(1.66,2.50)

leukemia

Stomach 1.06 .93 1.05 1.16 1.28 1.29 1.73
(.96,1.16) (.78,1.10)(.90,1.22)(1.02,1.32)(1.07,71.53)(.99,1.64) (1.19,2.43)
Lung 1.30 1.21 1.02 1.54 .63 2.45 2.14

(1.11,1.54) (.89,1.862)(.75,1.36)(7.22,1.95}(1.1 9 2.19)(1.73,3.38)(1.16,3.53)

Femele 1.12 1.02 1.10 1.39 2.67 2.39 .22
breast  (.80,1.59) (.49,1.89)(.60,1.89)(.85,2.21) (1. 62,4.27)(1.09,4.59)(1." '? 8.54)

Colon 1.04 1.01 .93 1.04 2.23 5.87
(.80,1.37) (.61,1.59)(. 29 91} (.60,1.38) (.56,1.78) (1. 20 3.81)(3.02,70.31)

Numbers in parentheses indicate a 30% confidence interval. FERAO R0 % THIKM & T

Underlined boldface numbers are significant at the 5% level.
FRENVWLAAFOMMASH AR THETS 3.
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DISCUSSION

Site-specific cancer mortality

The present analysis, based on the accumulation
of cancer deaths in three additional years, 1983-
85 and the new individual dose estimates, confirms
previous findings with respect 1o the siies of cancer
that show significant excesses in risk with radiation.
Statistically significant excess risks are observed
for cancers of the esophagus, stomach, colon, lung,
breast, ovary, urinary tract, and multiple myeloma,
but none for cancers of the rectum, liver, gallblad-
der, pancreas, uterus, and prostate. When urinary
tract cancers are divided into those of the urinary
bladder and the kidney separately, a statistically
significant excess with dose is seen for cancer of
the urinary bladder, some 70% of all cancers of
the urinary tract, but not for kidney cancer. A
significant excess risk of urinary bladder cancer
cases for the period 1961-79 is observed.!!

In the present analysis the relationship lo dose of
cancers of the bone, pharynx, nose and larynx,
and skin cancer except melanoma has also been
examined, but nonc of these cancers shows 4
significant increase with dose. Darby et al,% in their
parallel analysis of A-bomb survivors (1950-78) and
ankylosing spondylitis patients, observed a signifi-
cant association of mortality from CNS tumors other
than of the brain with dose in both groups, bul
no association was scen for brain umors in cither
group. Following a pathological review of all cases
ol CNS wmors among the LSS sample, including
the benign and those of unspecified nature, the
same conclusion emerges from the present analysis.
In the follow-up study of children receiving scalp
irradiation for treatment of tinca capitis in Isracl,!2
the risk increased for incidence of brain tumors
as well as other CNS tumors, though only the
scalp was heavily exposed. A detailed study of
the incidence of CNS tumors based on the tumor
registries to determine malignancy, histologic type,
and so on, is under planning,.

Inferences about radiation-related cancers, based
upon mortality surveillance alone, are obviously
compromised to some degree by the inaccuracies of
death certificates as sources of information on the
causes of death, and the incompleteness with which
cancer deaths are reported.® Thus, the magnitude
of the estimated excess cancer deaths based on
death certificates should be corrected, depending
on the confirmation and detection rates for site-
specific cancer. The BEIR III report” used the av-
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erage correction factor of 1.23 for incompleteness.
This is particularly important when analyzing rare
cancers and cancer sites, where metastatic tumors
are frequent, such as in the liver, lung, and brain.
Our study suffers from these same shortcomings,
underscoring the urgent need for parallel analysis of
incidence data confined to histologically confirmed
cases based on the tumor and tissue registrics in
Hiroshima and Nagasaki.!® Although registry data
too have their limitations, and migration from the
geographic areas covered by the registries is a
particularly vexing issue, the registries can further
document the incompleteness and probable accuracy
of death certificate statements, and provide betler
insight into the probable dose-response relationships
for those malignancies that are not invariably fatal,
e.g., thyroid and skin.

It was pointed out in a previous report'? based
on the tumor registry in Nagasaki (1959-78) that
the RR associated with incident cases does not
differ significantly from that based on mortality,
but the excess risk per 10* PYGy is much higher,
in general, for incident cases identified through
the tumor registry than for mortality. This has
important implications for the projection of risk,
and needs confirmation or refutation at the earliest
opportunity as the ralio changes over time. The
BEIR III report used the ratio of lifetime excess
risk estimates based on incident cases to that from
mortality, and used 1.54 and 2.00, on average, as
the values for males and females, respectively.”

Temporal patterns and the latent period of
radiation-induced cancer

In man, cancers do not begin to appear immedi-
ately alter exposure to ionizing radiation, but only
after some minimum latent period (here defined
as time from exposure until death). Since the A-
bomb survivors were exposed to relatively large
amounts of radiation almost instantly, they provide
an exceptional cohort in which to investigate the
temporal patterns of radiation-induced cancer, in
conlrast 10 occupational groups (exposed to radia-
tion continuously bul usually to rather small doses)
or patients (exposed to diagnostic or therapeutic,
oflten fractionated, radiation).

The temporal pattern does differ between leukemia
and other solid tumors. Radiation-induced leukemia
occurred 2-3 years after exposure, reached its peak
within 6-8 years and has decreased with time
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as described before.? The present report reveals,
however, that a small statistically significant excess
in leukemia mortality still exists even in the latest
observational period, i.c., 1981-85, where four and
one loukemia deaths were observed in Hiroshima
and Nagasaki, respectively, among survivors ex-
posed to 1.00 Gy or more. Thus, the period of
occurrence of radiation-induced leukemia musl be
regarded as at least 35-40 years, and not the 25 years
presently used by the International Commission
on Radiation Protection,® For cancers other thun
leukemia, radiation-induced solid wmors, such as
those of the stomach, Tung, and breast, have a
minimum latent period of 15 years or longer and
increase proportionally to the increase in natural
cancer mortality.t8

Further observations on the cffccts of age ATB
conlirm carlier suggestive evidence that radiation-
induced cancers increase significantly only when
the survivors reach those ages al which cancers
normally develop and, thus, the minimum latent
period is longer for the younger age-ATB groups.
More importantly, perhaps, there is still no evidence
of a radiation dose-dependent shortening of the
latent period except among those survivors exposed
in the first 10 years of life.

It has been argued that these findings support the
two-step mutational theory or the theory that two
factors, an initiator and a promotor(s), are generally
necessary in the occurrence of cancer. In the case of
solid tumors, the first, presumably a mutational step
(possibly the activation of an oncogene), is caused
by radiation, and the second (and possibly other
sleps) occurs only when some other factor(s) acts
as a promotor. Cell transformation and proliferation
then occur and the cancer develops. 1T this is true,
the time when the promotor acts to initiate the
second step may be unrelated Lo the radiation dose,
the initiator of the process, and therefore the latent
period would be unrelated to dose. Cancer would
develop only when the age at which it is normally
prone to occur is attained.®18

At least one animal experiment*®*7 has been de-
signed to test this thesis directly. Briefly, the results
of this cxperiment were as follows: Adult rats were
irradiated with small amounts of x-ray radialion, but
no cancer was induced. However, breast cancer
occurred when prolactin was administered one year
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after irradiation, though no cancer was induced with
that level of prolactin alone. These results indicate
that x rays act as the initiator and prolactin as the
promotor in the induction of breast cancer in the
ral. Similar results were also obtained for rats
irradiated by neutrons. These experimental findings
are generally supporied by the present analysis.

RR by atltained age (age ATD) for specific age-
ATB cohorts does not change with atlained age,
in genceral, whereas the AR increases. Thus, the
present analysis still favors the RR model over the
AR model.

Muirhead and Darby'® have recently suggested
a method to distinguish RR and AR models
for radiation-induced cancer. They applied their
method to mortalily [or all cancers except leukemia
using the data of the LSS for the years 1950-78, and
have shown that, with consideration of age ATB,
scx, and time since exposure, the RR model fits the
data significantly better than the AR model afier
adjusting for age ATB and sex. Though we did
not apply the specific model that they used, we
have examined the effects of age ATB, sex, and
attained age (instead of time since exposure) on the
fit of the RR and AR models separately using the
deviance as a mcasure (Table 8). We reach the
same conclusions as Muirhead and Darby, namely,
the RR model fits significantly better than the AR
model after adjusting for age ATB and scx.

If age ATB is fixed, an analysis of the temporal
change in risk coefficients based on age ATD and
one based on time (year) since exposure should
yield similar results.  However, it should be
noted that, since age ATB is classified in 10-year
intervals, whereas time since exposure is given in
5-year periods, the age ATD distribution overlaps
two successive time-since-cxposure periods. Thus,
observations based on time since exposure are not
identical to those on age ATD, when age ATB is
fixed. The results of an analysis similar to Table 8,
using time since exposure (instead of altained age),
yiclded similar results, as expected (data are not
shown).

Muirhecad and Darby also indicated that, when
time since exposure is included among the adjusted
variables (i.e., in addition 1o age ATB and sex),
the RR and AR models fit the data cqually well,
and, as Table 8 shows, the same was obtained in
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our analysis (sce row labeled A + 8 + E). Since
by definition the effect of time since exposure (or
attained age) is constant in terms of RR for the RR
model or AR (excess deaths) for the AR model,
there is no a priori reason 1o expect an cffect of
time since exposure (or altained age) under either
model,

As a result of the accumulation of further cancer
deaths among survivors who were young ATB,
particularly under 10 years of age, it is now possible
to examine the effect of age ATB on the latent
period more thoroughly. Analysis of these deaths
reveals the latent period for all cancers except
leukemia 1o be dosc-dependent; it is shorter among
the young who were exposed to higher doses. The
RR at 1 Gy is smaller with time (a1 the aitained age
from under 20 to 39) and levels off al the attained
age 40-49 (Table 6). The very high RR in the carly
period (which resulls from shortening of the latent
period) for the age 0-9 ATB survivors may rellect a
higher sensitivity to radiation among the younger
group ATB or the existence of persons who are
highly sensitive 1o radiation in the population.®:1?

Although it cannot be predicted with certainty at the
present time, it is conceivable that aflter an altained
age of 50, the RR will continue 10 be the same
as that now scen [or age 40-49, as the RR model
suggesls.

The current analysis of cancer incidence among
prenatally exposed survivors also shows a dose-
dependent shortening of the latent period, as well
as a significant increase in cancer risk.2” These
findings arc consistent with the resulls oblained for
the survivors ol age 0-9 ycars ATB, and thus, the
two independent observations, although both are
based on small numbers of cancer cases, strengthen
one another. The estimated risk coeflicients among
the in utero exposed survivors based on cancer
incidence in the period 1950-84 are the same
or slightly higher than the risks among survivors
exposed under 10 years of age ATB.20 In view of
this, once sufficient deaths have oceurred, it will be
very interesting to reexamine the risks within the
age 0-4 ATB and age 5-9 ATB groups, since the
risk in the former can be anticipated to be higher
than that in the latter.

The frequency of death from radiation-induced solid
cancers did not reach a level of statistical signif-

REREFF TR 5-88

(A+S+HE®H 2. E3%F, RN
(MITFECCHEEEM) ORI, VA7 ETLTD
A Y A 2 X (BEL ) Ry BT NTOMEY AP
GREFEC) L T —ETHA0T, WIhax 7
WAz E o T B ERIE R (LTI O
MW AE L LT BT E .

WA E, B 08 R T b o A PR 12
WA ZLRhEEI a0 G, HE,
Pt o TN BTl G ?P,{H&If?f? BRI et = 1 W
sz r AT S Zd e GFECH A BT
43k, AMELLSED &S ISinDW{m PRI | At
IR AEL Thd Z & At s, BHIRIIR 3 O AR
BlzEm L 2k TlErRY. 1Gy Ca s/l
VA LRI & kS L BN WS A 20 S K il
A6 398ET), IECIEEIRA0 -9 THRITVWIE 45
(£56). WMABSER -9 EOEE LTI
B weia ) Ay au sl b GRIRHI O
FEHR AR T B0 1k, 4T E B H O AR AT
Gtk i, SO ROV
EHNEENCVAECEERM T3 ELLNG 8

BIESCIERMIZ T4 22 2T 8 S, JELUE
WS 50 Ll s A B L, MK A7 E| T ARIE
A LT, MY A7 |E40-49E 2 WS A LD
LR LNLEHIET e THENE

IR E OB ZEC R LY L T HBEITh AR L,
BRI O SRR TFE o R Tl ) A 2 4R
R AETLTWVA, D ZHh 6O I HEEREE 0-98
OEBREIOVTEHOAALDE -BLTVE. L
Ao, Zhs ool EiEEE, i h
LM OBERCET LD THSH, v HE
L& aTuvnad, 1950-B44E o MR (2 B 13 & pELC 4
2355 BRIAEEREE OHEIE U A (R B BT R
WikkfompEn ) 22 LR ERE0HET
mw P ook eifimEEL S L, ECHY D
#’s{éméhﬂ‘-& TR IE R O-dREREE 5-OMERFLC

it A1) A7 AFHRHT AT SRS TR G Z &
THhE., THERE, 0-4 EFO ) A 2|1 5-9EHO
yaZ ENEsEAETHRERSINSTH L.

AR S T T 1 R A AR O BHE 1L 1960 1



RERF TR 5-88

TABLE 17 FIRST APPEARANCE OF A SIGNIFICANT INCREASE IN MORTALITY ATTRIBUTABLE TO

SPECIFIC CANCERS

FlT BHEOMICILIECEROGFECRIMFRMIZR bR 50580

1950- 1956- 1961- 1966- 1971- 1976- 1681- Total
55 60 65 70 15 80 85
All cancers Risk a a a a a a a
except coefficient + + + + * + + +
leukemia
No. of deaths 532 637 113 843 925 987 1037 5734
a a a a
Stomach & + i + + + + + +
" 218 281 297 322 330 303 256 2007
a a a
Colon " & = + o) + + + ¥
" 12 9 21 36 41 47 66 232
b a a a
Lung R £ + + + + + + #:
" 16 28 69 114 115 150 146 638
a a =4 a
Female L = + + + = + + +
breast
" 15 16 28 22 21 26 27 155
b b a
Ovary " + = = + + + = +
a 6 ? 12 13 11 17 16 82
a a a a
Urinary " = * = + = + + +
tract
" 8 11 25 17 28 19 25 333
b b b a
Multiple " + + = = + + + +
myelcma
Y E 2 2 2 6 7 16 36

+ Regression coefficient is positive. [E##ffEitiL
- Regression coefficient is negative. IRzt

Significant at the 5% level 5% KHBTHE ..... p<.05
Suggestive MM ..... .05<p<.10

ow
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icance until alter 1960; thus, the minimum lalent
period appears to be 15 years or longer and may
vary by site of cancer. It is difficult, however, to
precisely determine the time when radiation-induced
cancer becomes significant, and thus the minimum
latent period. To investipate further the relutionship
of the minimum latent period by site of cancer, the
sign (plus or minus) and the statistical significance
of the regression coelficient with dose have been
tabulated for seven successive S-year periods of
observation (Table 17).

These data suggest that the minimum latent period
is 15-19 years (1961-65) for stomach cancer, 20-24
years (1966-70) for cancer of the lung and breast,
25-29 years (1971-75) lor cancer of the ovary, and
30-34 years (1976-80) for cancers of the colon and
urinary tract and multiple myeloma. The cancer age
(the age at which a significant increase in natural
cancer morlality oceurs) is around the fifth decade
for cancer of the stomach, breast, and ovary and
is earlier than that for other sites of cancer, such as
the lung, colon, urinary tract, and multiple myeloma
which is around the sixth or seventh decade in
Japan. Thus, the length of the minimum latent
period for each cancer site appears to reflect the
beginning of the cancer susceptible age for the
individual sites of cancer,

Modifying factors

Previous studies have indicated that the frequency of
occurrence of radiation-induced cancer is modified
by age al exposure, allained age,!'® and sex.! The
presenl report confirms that both the RR and AR
are higher for younger age-ATB groups, when the
attained age is fixed or when the age-ATB groups
are adjusted for attained age. For survivors exposed
in childhood (0-9 ATB), the latent period for solid
tumors is shortened.  Other studies also indicale
that the risk is higher for individuals exposed at
younger ages, though there is no indication of a
shortening of the latent period for solid cancers for
thosc individuals exposed in childhood.1?

As has been reported carlier,! and is’confirmed by
the present study, the RR of lung cancer is higher
for females than for males. Since the ARs do not
differ between the sexes, the lower RR for males
is probably a rellection of their higher background
lung cancer mortalily rale.

The present analysis discloses the difference in
RR of lung cancer by sex to be smaller and no
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longer statistically significant when differences in
smoking habits are considered.!® Similar results
were obtained in a study of lung cancer incidence
in the years 1950-81 on the same cohort.?! The
slightly higher, though not statistically significant,
RR for females seen alter adjusting for smoking,
may be attributable to their lower serum vitamin
levels,?? and greater occupational exposures (o
carcinogens other than smoking, e.g., asbestos or
chemicals.  If these other exposures could be
adequately measured, the slight difference observed
in radiation-related RR between males and females
might well disappear.

No evidence of an interaction between radiation
and smoking in the induction of lung cancer
emerges from the present study. Similar results
have been previously obtained in cohort®*!»2? and
case-control?* studies based on the same A-bomb
survivors. Other studies, notably those on uranium
and hard rock miners, however, vary; some indicate
a possible interaction®® and some suggest none.2°

Dose response

From the standpoint of radiation protection, dose-
response curves [or low-LET radiation in the low-
dose range are particularly important.  Under
the T65 dosec system, more altention has been
paid to dose-response curves in Nagasaki than in
Hiroshima, which had a larger neutron component,
in the study of low-LET radiation effccts. The dose-
response curve for leukemia in Nagasaki, though
the number of cases was smaller, was nonlincar
at less than 1 Gy. Rossi el al stated that the
response curve of radiation-induced cancer should
be nonlinear (quadratic) in the case of low-LET
radiation at the low-dose level, based upon the
dose response of chromosomal aberrations, whereas
Radford supported the L model on the basis of
the actual data.? In the final BEIR 1II report, the
LQ model was used as the basic model for the
calculation of risk coefficients, though results based
on L and Q models were also indicated.

Under the DS86 dose system, the neutron com-
ponent is substantially reduced, and the major
component of the total dose is accounted [or by
gamma rays even in Hiroshima. This made it
convenicent o study the effect of low-LET radiation
in both Hiroshima and Nagasaki. In Nagasaki
since the gamma component is also reduced, though
the dose-response curve for leukemia is closer to
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lingar, though some nonlincarity still remains in
the low-dose range. In view of the [inding that
the dose-response curve for leukemia for Hiroshima
and Nagasaki combined fits the LQ-K model better
than the L model and the risk coefflicients at less
than 0.50 Gy are smaller than those at 0.50 Gy
or more, the LQ model in the low-dose range
cannot be excluded.  Although we still cannot
distinguish categorically between curves for most
sites of cancer mortalily, it appears thal the L model
is an acceptable basis for cstimating the risk of
cancer mortality following exposure 1o low-LET,
high-dose-rale radiation except leukemia.

The difference between the cities in radiation-
relaled cancer mortalily is less and statistically not
significant when the DS86 doses are compared
with the T65DR doses. At the same dose level,
T65DR estimates indicated that the cancer mortalily
is higher for Hiroshima than for Nagasaki.

In the present analysis, we have indicated the lowest
dose range at which slatistically significantly excess
cancer mortality can be seen (as contrasted with the
0-Gy group). Needless 1o say, since the statistical
significance of a difference between two compar-
ison groups depends on their sample sizes and
the frequency of cancer mortality, the dose ranges
indicated should change with the accumulation of
further data and may differ from that derived [rom
other exposure groups.

Lifetime risks

Although we have thus emphasized RRs and annual
ARs of cancer mortalily based on the new dosime-
try, great interest also centers on the lifetime risk
of mortality from radiogenic cancer. QOur purposcs
in the paragraphs to follow are mercly to provide
some approximate notion of the implications of the
changes in surveillance time, risk coelficients, and
the like, and not to undertake a critical analysis
of projection methods themselves or to advocale a
particular approach. Accordingly, largely because
the method is well described, we have followed
the one employed in BEIR III, introducing the
risk cocfficicnts obtained in the present report,
and confining our estimates to the lifetime risk
of leukemia and cancers other than leukemia in
the stationary population represented in the 16th
Japanese Life Table (1985), and assuming an expo-
sure to a single dose of 0.1 Sv of low-LET radiation.
The paramelers and sources of information used to
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obtain the estimales are as follows (for comparison,
the corresponding parameters used in BEIR TII are
also shown):

ERBEEROEENTH S (0B BEIR I T

Hub b EEIRL ).

PARAMETERS AND SOURCES OF INFORMATION TO ESTIMATE THE LIFETIME RISK
FHEATHED OO TT A= — BV R

3 Cancer . Minimum ; Magnitude
Projection el Radiation Duration i
Model opulation Death Dose Latent of Effect of Effect
Rate ’ Period/yr - (excess death)
Leukemin  Present  Absolute 1985 1985 DS86 2 341 Based on 1950-
risk model  Japan life  Japan cancer  bone marrow 85 LSS data
table death rate dose {RBE=10)
BEIR 11l Absolue 1969-71 1969-71 Te5D 2 3-27 Based on 1950-
risk model  US life US cancer bone marrow 71 LSS data
table death rate dose {RBLE=11.3 tor
L model)
All cancers  Present  Relative 1985 1985 D586 10 1lend  Based on 1956-
except risk model  Japan life Japan cancer  colon dose of life 85 LSS datu
leukemia tabla death rate (RBL=10)
BEIR [II Relative 1969-71 1969-71 T&5D 10 Il<end Based on 1955-
nsk model  US life US cancer Lung dose of life 74 LSS duta
table death rate (RBE=11.3 for

L model)

The age- and sex-specific risk coelficients we use
are, of course, based on death certificates, and
to adjust for incompleteness of the diagnosis on
death certificates the values were multiplied by 1.23
as was done in the BEIR IIT rcport.” We have
employed the AR projection model for leukemia and
the RR model for all cancers except leukemia.

As staled in the earlier section on the shape of
the dosc-response curve, insofar as leukemia is
concerned the LQ model fits better than the L model
if individuals in the high-dose range are excluded
(i.e., when the analysis is confined 1o survivors
receiving bone marrow doses of less than 2-3 Gy);
however the L and LQ models fit the data from
the entire dose range equally well. For all cancers
except leukemia, although the L model fits well
for both the total dose range and the dose range
excluding the high doses, the LQ model cannot be
shown to be inappropriate statistically. It should be
noticed that Q term in the LQ model is negative
when the entire dosc range is used, reflecting the
level off of the dose-response curve at the higher
dose range. In order Lo obtain useful risk estimates
in the low-dose range with the LQ model, we have
estiamted the risk limiting doses to under 2 Gy, so
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as to obtain a positive Q term. Considering the
argument described above, we have calcualted the
liferime risk estiamtes using both the L and the LQ
model (the Q model was excluded for the LQ model
fits better in every instance). This has been done
using all doses, and only those doses under 2 Gy.
Though the risk coefficients so far used in this report
arc all based on the RR model, the risk coefficient
based on the AR model is used here to be consistent
with the method used in BEIR III report.” The risk
coefficients are shown in Table 18.

Though, the detailed results will be described in
a separate report,?” the estimated lifctime risks by
sex are shown in Table 19. For comparison, the
corresponding values in the BEIR III report” are
also given. The lifetime risk of leukemia or of all
cancers except leukemia, based on a linear dose-
response model and using the total dose range, is
close to the value obtained when the doses are
restricted to under 2 Gy, and around two limes
higher than the BEIR 1II value. Under the LOQ
model, when the doses are restricted to less than
2 Gy, the estimated lifetime risk for leukemia
is only 70% of the value obtained using the L
model (831/1193, 609/865 for male and female,
respectively). For all cancers except leukemia, the
LQ estimates are slightly smaller, but almost equal
lo the estimates based on the L. model, Whereas,
in BEIR III, the LQ estimates are as much as 50%
smaller than the L estimates for both leukemia and
all cancers except leukemia. This greater difference
between the estimates in BEIR 111, which were
based on the T65 dosimetry, as compared with the
present ones, is undoubledly ascribable to the lesser
degree of nonlinearity in the dose-response curve
in the low-dose range when the DS86 doses are
used. As a further reflection of this, the ratio of
the present estimates to those of BEIR III under the
LQ model is much larger (i.e., 3 times higher for
leukemia and 5-6 times higher for all cancers except
leukemia under 2 Gy) than the ratio of the two scts
of estimates under the L model. For all cancers
except leukemia, the ratio of the estimated value
under the LQ model between the present study and
BEIR 11T shows a particularly large value under 2
Gy. This may be ascribed to the fact that in BEIR
111, the curvature in dose response for leukemia was
used for all cancers except leukemia instead of the
actual curvature which probably is much closer to
linearity, and this may cause much smaller estimates
to be produced than if the actual dose-response
curve were to be applied.
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Under 2 Gy for leukemia, the ratio of the L term
in the LQ model (which can be regarded as a
measure of the risk at low doses) to the lincar
coefficient under the L model is 1/1.99; whereas the
ratio is 1/2.26 in BEIR I (from Table V-8). The
corresponding ratios for all cancers except leukemia
are 1/1.15 and 1/2.48 for the present estimates and
BEIR IIT (Table V-11), respectively,

MILEO® &2 Gy LLFo It T LQEFLO
Ly (K canlarekbrigflesnl
FE5) L LEFLOBBEHBOEL /1.99TH 5 7,
BEIR [l (#V-8) ClZ1/2.26T4& 5,
B < 2l O Tk, A AT,
B1Y1.35,

(10045 %
4 o HEE
BEIR Il (£ V-11) T1/2.48 ¢h 4.

TABLE 18 ESTIMATED AGE- AND SEX-SPECIFIC REGRESSION COEFFICIENT
RBE=10, DOSE RANGE 0-6 Gy

18

[uldi 5 B T (R, GEMB A OV, RBE =10, #hb 0 -6Gy

Model® Coel'l'lclsnt Sex

Age at exposure

for D, D 0-9 10-19 20-29 30-39 40-49 50+
Leukemia®
L D M 4.81 2.06 4.54 4.90 4.10 8.25
F 2.94 1.26 2.78 3.00 2 L 5.05
LQ D M 4.69 1.99 4.41 4.77 4.00 8.04
F 2.88 .22 2.30 2.93 2.45 4.94
D2 M 0.000687 0.000292 0.000646 0.000699 0.000585 0.00118
F 0.000422 0.000179 0.000396 0.000429 0.000359 0.000723
All cancers except leukemiab
L D M 3.68 6.96 13.1 13.6 18.1 9.49
F 5.08 9.59 18.0 18.7 25.0 13.1
Lo D M 4.75 9.48 18.8 1.7.9 25.3 13.5
F 5.75 11.5 22.17 2.7 30.7 16.4
D2 M -0.00478 0.00954 -0.0189 -0.0181 -0.0255 -0.0136
F -0.00579 -0.0116 -0.0229 -0.0219 -0.0309 -0.0165
a Based on Hiroshima and Nagasaki 155 data, 1950-85
195085 DL g - BB GEHET -4 28T
b Based on Hiroshima and Nagasaki LSS data, 1956-B85
1956 -85 1 MIE - R G E 7T — ¥ 1245 <
¢ L: Excess risgk = u1D

LQ: Excess risk = oD + m2D2
D is in gray. DEGy 2 &4

Coefficients for D and D° are per 10% person per year

DEFD*OESEIOCAFES -

The lifetime risk for exposures in the low-dose
range, estimated by multiplying these ratios and
the lifetime risk based on the L model, for males
(fernales), are 599 (435) and 11,187 (9,643) for leu-
kemia and all cancers except leukemia, respectively.
These value are a litlle smaller than those obtained
with the LQ model in the present study.
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TABLE 19 LIFETIME EXCESS DEATH FROM LEUKEMIA AND ALL CANCERS EXCEPT
LEUKEMIA PER MILLION PERSONS FOLLOWING A SINGLE EXPOSURE TO 0.1 Sv

#19 0.1 Sv 121 o gl L 2 ﬂ.g;»mnu HAY 20O, CTIRGE & O L L ik o
A O ID R S ﬂ:i&;uh B

L Lo
Dose range
(Gy) M F M F
Leukemia
A: Present 0-6 1326 844 1293 B25
Study 0-2 1193 BE5 831 609
B: BEIR III 566 384 274 186
A/B 0-6 {0 2.2 4.7 4.4
0-2 2.1 2.3 3.0 23
All cancers
except leukemia
A: Present 0-6 8782 10756 11924* 12881%*
Study 0=2 12865 11090 11521 10096
B: BEIR III 4226 4852 1917 2133
A/B 0-6 2T 2.2 6.2 6.0
0-2 3.0 2.3 6.0 4.7

% Coefficient for guadratic term is negative.
LA O B B

. . . xS - Pieree * 120 15 T =AY, WL
Preston and Pierce? have also estimated the lifctime Preston & Pierce * Mal U TFHLM 022 4%, R 1

risk using the same material with different assump- flisg, RUHEE Sk E e THEEL Thd, Lal
tions and methods. It should be noted that Preston i 6 L RS BIF O BERT G F T UL Radiation Research
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Technical Report than in their paper published in the WAL PEL MR GHNERRICE T 3L
Radiation Research. They arrived al their number Bl R OWOHRER) R4+ b b2%Ls
by simply multiplying the risk coelficient by 20%, WA ER AR CEBALOTH S, B HRILA
which is the background lifetime risk for all cancers ) e s
except lcukemia in the LSS sample. The general HRHOEBE SRRSO RN O

population they used was assumed 1o have cqual PHIXS LD ﬂi EENTVS. TORMIZBEE
numbers in each of the six age and sex categorics. PR ES PMECEENTVUAOT, 1986EDI AAD
Since this population includes a larger proportion of EdmZTHOS tl FETE N TR ARRRBT D HEE

younger exposed persons, it should lead to a higher Nt EwEEY R 7GR E T TR, ko
lifetime risk than the present analysis based on the D & A HEE WU AR T O Mk 0
stationary population used in the 1985 Japanese Life e %
Table. Their revised ones are much closer to the

present estimates.
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in dosimeltry. They reflect other differences as well, MR, MMM AE S bz Es) 2y
such as the projection model and population used, FBHOKASEOE WA VLRI RL T s,
and the changes in risk cocllicients with further WL, A DT — #1985 E TO WL & 5 B

surveillance. Our data, for example, include deaths
to 1985, and some change in the risk cocllicients is

& e 2, 7 = il - O s | R O - 49 %
due o the extension of the follow-up period. The Kad Bt s 1@ fj_ﬁm: ks . s N e
; ) " ; PR B R BE B AT L e S R A
increasing trend in excess death in the 10-49 age BRR A4S, B REC J 0 &SR KT A 4T A
ATB group is illustrative of this. REQBIEHFHETHNS,

VA TREDMES pOEH BN OEL 2 k2

REFERENCES

£E Uk

1. PRESTON DL, KATO I, KOPECKY KJ, FUIITA §: Studies of the mortality of A-bomb survivors.
Report 8. Cancer mortality, 1950-82. Radiat Res 111:151-78, 1957 (RIERF TR 1-86)

P2

. SHIMIZU Y, KATO I, SCHULL WI, PRESTON DL, FUJITA S, PIERCE DA: Life Span Swdy
Report 11. Part 1. Comparison of risk coefficients [or site-specific cancer mortality based on the
D886 and T65DR shield kerma and organ dose. REREFF TR 12-87

3. MILTON RC, SHOIIOJ T: Tentative 1963 radiation dose estimation for atomic bomb survivors,
Iiroshima and Nagasaki. ABCC TR 1-68

4. PRESTON DL, PIERCE DA: The effect of changes in dosimetry an cancer montality risk estimates
in the atomic bomb survivors. Radiat Res 114:437-66, 1988 (RERIY TR 9-87)

5. YAMAMOTO T, MORIYAMA IM, ASANO M, GURALNICK L: RERF pathology studies. Report
4. Autopsy program and the Life Span Study, IHiroshima and Nagasaki, January 1961 - December
1975, RERF TR 18-78

6. DARBY SC, NAKASIHIMA E, KATO I: A parallel analysis of cancer mortality among atomic
bomb survivors and patients with ankylosing spondylitis given X-ray therapy. INCI 75:1-21, 1985
(RERF TR 4-84)

7. NATIONAL ACADEMY OF SCIENCES - NATIONAL RESEARCIT COUNCIL: The effects on
populations of exposure to low levels of ionizing radiation. Report of the Advisory Committec on
the Biological Effeets of lonizing Radiations (BEIR-TII). Washington, DC, NAS-NRC, 1980

8. KATO II, SCHULL WJ: Studies of the mortality of A-bomb survivors. 7. Mortality, 1950-78: Puart
1. Cancer mortality. Radiat Res 90:395-432, 1982 (RERF TR 12-80)

9. ICHIMARU M, ISHIMARU T, BELSKY JL: Incidence ol leukemia in atomic bomb survivors
belonging to a fixed cohort in Hiroshima and Nagasaki, 1950-71: Radiation dose, years after
exposure, age al exposure, and type of leukemia. J Radiat Res 19:262-82, 1978 (RERF TR 10-76)

10. SHIMIZU Y: Relationship between radiation and smoking on radiation induced lung cancer deaths
among the Life Span Study cohort, 1950-85, In preparation

11, SANEFUII I, ISHIMARU T: Urinary bladder tumors among atomic bomb survivors, Hiroshima
and Nagasaki, 1961-72. RERF TR 18-79

12, RON I, MODAN B: Thyroid and other neoplasms following scalp irradiation. In Radiation
Carcinogenesis: Epidemiology and Biological Significance. Lid by Boice JD Jr and Fraumeni
JF Jr. New York, Raven Press, 1984, pp139-51

13. WAKABAYASII T, KATO 11, IKERDA T, SCHULL WI: Studies of the mortality of A-bomb
survivors, Report 7. Part 111, Incidence of cancer in 1950-78, based on the Tumor Registry, Nagasaki.
Radiat Res 93:112-46, 1983 (RERF TR 6-81)

54



14,

20.

21.

22

24.

25.

26,

27.

RERF TR 5-88

INTERNATIONAL COMMISSION ON RADIATION PROTECTION: Recommendations of the
International Commission on Radiation Protection (adopted January 17, 1977), 1ICRP Publication
26. Oxford, Pergamon Press, 1977

. LAND CE, NORMAN JE: Latent periods of radiogenic cancers ocourring among Japanese A-bomb

survivors. In Late Biological Effects of lonizing Radiation. Vel. 1. Vienna, International Atomic
Energy Agency, 1978 [ST1/PUBR/489]. pp29-47

. YOKORO K, NAKANO M, ITO A, NAGANO K, KODAMA Y, HAMADA K: Role of prolactin

in rat mammary carcinogenesis: Detection of carcinogenicity of low-dose carcinogens and persisting
dormant cancer cells, JNCI 58:1777-83, 1977

. KAMIYA K, INOH A, FUJII Y, KANDA K, KOBAYASHI T, YOKORO Y: High mammary

carcinogenicily of neutron irradiation in rats and its promotion by prolactin. Gann 65:449-56, 1985

MUIRIIEAD CR, DARBY SC: Modelling the relative and absolute risks of radiaton-induced
cancers. J R Statistics Soc A 150(2):83-118, 1987

UNITED NATIONS: Report of United Nations Scientific Committee on the Effects of Atomic
Radiation to the General Assembly, 1986 Report. Annex A: Genetic Effects of Radiation. 11L Genes,
Chromosomes and Cancer. pp 54-62, and Annex B: Dose-response relationships for radiation-
induced cancer, F. Population heterogeneity and susceptibility to cancer induction. pp 182-3, New
York, United Nations, 1986

YOSIHIMOTO Y, KATO H, SCHULL WI: Risk of cancer among children exposed in utero to
A-bomb radiation, 1950-84. Lancet 11:665-69, 1988 (RERF TR 4-88)

KOPECKY KJ, NAKASIIMA E, YAMAMOTO T, KATO H: Lung cancer, radiation, and smoking
among A-bomb survivors. RERF TR 13-86

ITTRAYAMA T: Dict and cancer. Nutr Cancer 1:67-81, 1979

PRENTICE RL, YOSHIMOTO Y, MASON MW: Relatonship of cigarette smoking and radiation
exposure to cancer mortality in Hiroshima and Nagasaki. JNCI 70:611-22, 1983 (RERI‘ TR 1-82)

BLOT WI, AKIBA 5, KATO HH: lonizing radiation and lung cancer: A review including preliminary
results from a case-control study among A-bomb survivors, In Afomic Bomb Surviver Data:
Utilization and Analysis. Ed by Prentice RL, Thompson DJ. Philadelphia, STAM, 1984. pp235-48

WIIITTEMORE AS, McMILLAN A: Lung cancer mortality among US uranium miners: A
reappraisal, JNCI 71:489-99, 1983

RADFFORD EP: Radiogenic cancer in underground miners.  In Radiation Carcinogenesis:
Epidemiology and Biological Significance. Ed by Boice J D Jr and Fraumeni J F Jr. New York,
Raven Press, 1984, pp 225-30

SIIMIZU Y, KATO H, FUNTA S, SCHULL WI: Tistimation of lifetime risk in radiation exposure,
In preparation

55



RERF TR 5-88

22
2-3
2-4
2-5
2-6
2-7
2-8
2.9
2-10
2-11
2-12
2-13

2-14
2-15
2-16
2-17
2-18
219
2-20
2-21
222
2-23
2-24

2-25

2-26
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APPENDIX TABLIS
T ==

Appendix Table 1
f#1

Appendix Table 2
fif e 2

Mean shiclded kerma dose and number of sub-
jects, person-years at risk by dose categories

All malignant neoplasm

Leukemia

All cancers excepl leukemia

Cancers of the digestive organs and peritoneum
Cancer of the esophagus

Cancer of the stomach

Cancer of the colon

Cancer of the rectum

Cancer of the liver (primary)

Cancers of the gall-bladder and bile ducts
Cancer of the pancreas

Cancers of the digestive organs other than AT2-6
through AT2-12

Cancers of the respiratory system
Cancer of the lung

Cancer of the female breast

Cancers of the cervix uteri and uterus
Cancer of the cervix uteri

Cancer of the ovary

Cancer of the prostate

Cancer of the urinary tract

Malignant lymphoma

Multiple myeloma

Cancers other than those of AT2-5 through
AT2-23

Cancer of the liver including not specilied as
primary

Cancer of the kidney

Cancer of the bladder
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2-28  Cancer of the tongue

2-29  Cancer of the pharynx

2-30 Cancer of the nose

2-31  Cancer of the larynx

2-32  Cancer of the skin except melanoma

2-33 Cancer of the bone

Appendix Table 3
&3

3-1-1  Mean bone-marrow dose, number of subjects,
and person-years at risk by dose categorics

3-1-2  Mean colon dose, number of subjects, and
person-years at tisk by dose categorics

3-1-3  Mean stomach dose, number of subjects, and
person-vears at risk by dosc calegories

3-1-4  Mean lung dose, number of subjects, and person-
years at risk by dose categories

3-1-5  Mean breast dose, number of subjects, and
person-years at tisk by dose categorics - female

3-3 Leukemia

3-4 All cancers except leukemia
3-7 Cancer of the stomach

3-8 Cancer of the colon

3-15  Cancer of the lung

3-16 Cancer of the female breast

For cach tables by cause of death (Appendix
Tables 2-2 through 2-33 and 3-3 through 3-16),
the following statistics by dose categorics and
follow-up periods are shown: number of observed
death (OBS.) and expected death (EXP.) based
on observed person-years, observed relative risk
(OBS. REL. RISK), the estimated excess relative
risk (EXCESS REL. RISK) per gray together with
its standard error and p-value of the results of
maximum likelihood ratio test for it. Fited relative
risks are also calculated using eslimated cxcess
relative risk and mean dose for cach dosc categories.

Results of dose-response modification score lests for
several modifiers are also shown. Statistical tests
for the modificrs are based on the following models.
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For sex, age ATB, city, loglinear in time since 1960 Sex, age ATH, city, loglinear in time since 1960,

and loglinear in time since 1970, test of Hy:f2=0
is done in the model

loglinear in time since 197013,
Hy: By=0DHE&EIT /2.

RR’J =:1 4 Pngij cxXp (ﬁg){)

where X is one of the radiation effect modifiers EEL, XX FROEBEOOITRS RS,
mentioned above.
Sex M:1 Fil
Age ATB <20:1 20+:0
City H:1 N:0
Loglinear in time since 1960 T>1960:T-1960 T<1960:0
Loglinear in time since 1970  T>1970:T-1970 T<1970:0
For sex (absolute), test of Hy : f3=0 is done in the Sex (absolute | & FIDEFL T, 1A, =0 OfE
model BT 2z
RRij =1+ fysex + ,52Dij exp (s sex)
For nonlineality in dose response, test of Hg : f2=0 Nonlineality in dose response {5 [l =5 LT

is done in the model Hy : B, =0 ORUGE &1 L.

RRij =1+ ﬂl Dij + ﬁQDijz
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APPENDIX TABLE 1

fF# 1 (EEE M (ICD ) (2483 < SEM 7 o E &

RERF TR 5-88

DEFINITIONS QF CATEGORIES OFF CAUSE OF DEATILIN TERMS OF ICD
RUBRICS

ICD group

Appendix Cause of death = -
table 7th (1955) 8th (1965) ath (1975)
2.2 A1l malignant 140-205 140-163 140-208
neoplasms 170-174
180-209
2-3 Leukemia 204 204-207 204-208
(2-3)
24 All cancers except 140-203 140-203 140-203
(3-4) leukemia 205 208,209
2.5 Cancers of the digestive 150-155 150-159 150-155(0,1)
organs and peritoneum 157-159 156-159
2=6 Cancer of the esophagus 150 150 150
2=7 Cancer of the stomach 151 151 151
(3-7)
2-B Cancer of the colon 153 153 153
(3-8)
2-9 Cancer of the rectum 154 154 154
2-10 Cancer of the liver 155(0,8) 155 155(0,1)
(primary)
2-11 Cancers of the gall- 551 156 156
bladder and bile ducts
2-12 Cancer of the pancreas 157 TET 157
2-13 GCancers of the digestive 152,158,159 152,158,159 152,158,159
organs other than AT2-6
through AT2-12
2=14 Cancare of the 160-165 160-163 160-165
respiratory system
2-15 Cancer of the lung 162,163 162 162
(3-15)
2-16 Cancer of the breast 170 174 VL ¥ TS
(3-16)
2-17 Cancers of the ecervix 171174 180-182 179-182

uteri and uterus
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ICD group
Appendix Cause of death
table 7th (1955) gth (1965) oth (1975)
2-18 Cancer of the cervix s b 180 180
uteri
2-19 Cancer of the ovary 175 183 183
2-20 Cancer of the prostate 177 185 185
2-21 Cancer of the urinary 180,181 188,189 188,189
tract
2-22 Malignant lymphoma 200-202 200-=202 200-202
2-23 Multiple myeloma 203 203 203
A-24 Czncers other than those 140-148 140-149 140-149
of AT2-5 through AT2-23 156,176 170-173 155.2
178-179 184 170-173
190-189 186-187 184
205 120-199 186-187
208,209 1890-199
2.25  Cancer of the liver 155(0,8) 155,197.8 155(0,1,2)
including not specified 156
as primary
2-26  Cancer of the kidney 180 189(0,1) 189(0,1)
2-27 Cancer of the bladder 181 188 188
2-28 Cancer of the tongue 141 141 141
2-29 Cancer of the pharynx 145-148 146-149 146-149
2-30 Cancer of the nose 160 160 160
2-31 Cancer of the larynx 161 161 161
2-32 Cancer of the skin 191 173 173
except melancma
2-33 Cancer of the bone 196 170 170
- Brain tumors 193(1-9) 191 191
- Tumors of central 193.0 192 192

nervous system (CNS)
except brain
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APPENDIX TABLE 2 BASED ON SINELDED KERMA
ft#e 2 @t iz 46T <

2.1 MEAN SHIELDED KERMA DOSE AND NUMBER OF SUBJECTS, PERSON-YEARS AT RISK BY
DOSE CATEGORIES
T 0 ik e, 5 R OF A, i it

SHIELDED KERMA DOSE [N GRAY

TOTAL 0 Q.0l~- Q.08- n.10- 0.20- 0.50- Ya0= 2.0- 3.0- 4.0+

0.05 .08 D19 0.49 0.84 1.94 2.493 3.99
MEAN LOSE TUTAL 162 o 18 72 (3] 318 503 13684 2423 J380 5298
(HGRAY ) GAMMA 158 0 14 T 1y ai Gty 1344 2332 1233 9047
REUTRON 4 0 ] (] 1 bl 8] 39 al 147 251
NGO OF SUBJECT 758191 d4272 19192 4124 5172 B398 3616 1046 B3T 211 258

(45557) (19768) (1ZU1I6) (2449) (a220) {(4038) (2250) (1095) (302) (SR L] {128)

NUMBER DOF PERSON YEARS AT RISK
1060-85 2185335 984271 553060 119891 489863 1RB3ZZ 102709 55200 1831 5923 6918
(1350441} (586890)(357988) (73022) (956RE)(119643) (B1B0) (32677) (11295) (3463) {as98)

1850-55 3ss9se 175289 98148 21183 26618 JuBaz 16496 aa77 3272 1056 1302
(2341823¢101606) (62151 (12599) (16B30) (2UBI3Z) (11545) {5650  (1954) {588} {642

1856-60 350755 157785  BB48E 18247 24083 30355 16719 9028 2450 835 1148
(213309) (92473) (56515) (11534) CLS1B4) (19015) (10533} (S181) (1788) (531) (B72)

| GB1-6S 330780 148RIE  BAS0] 1895 22744 ZRSOE 15730 8487 2T 877 1070
(202156) (BR113) (50742) C10982) (14465) (18112} (9997) (4865) (1727) {510 (542)

|B6R-T0 J10411 139893 THa8d 17100 21361 2RNge 14659 T8E3 2RI 643 ELE
(192616 (83744 (50891 (10431} (13682) (17072) (94541 (4689) (1641 (5007 {6113

1971-17§ 280680 130438 72458 16011 18407 24820 13351 7271 2431 7083 801
(181325) (788B5) (47996) (9873) (12980) (15363) (BR7T4) (43980 (15200  (46B)  (483)

1976-80 268137 120730 ERRAH 14768 18279 23048 12338 G621 2219 738 800
(109208) (73672) (44390) {9130} (11903) (14918) (82313 (s061) (1393) (4452 (4612

19/1-85 246681 111310 kb 13508 1BAREA 211758 11218 BOOT 2021 RO 712
(ISBE4T) (GB412) (41702) (B4B5) (10956) (13745 (7546 (3733) (1268) (4242 {196

1981 -83 145528 5701 37400 Ta64 &40 124173 598 3535 1184 aa1 114
(02517) (40433) {24628) (5003) (G4R0) (8004) (4447} (2209) {741) (240} 23

¢ JINUMBER FOR FEMALE

NUMEER OF PERSON VEARS AT RISK SHORN IN THIS TABLE DIFFER SLIGHTLY FROM THOSE PRESENTED [N TABLE 2 IN LSS
FEPORT 11 PART | (RERF,TR 12-87) DUE T0 THE DIFFERENCE IN ROUNDING PROCEDURE APPLIED TO INDIVIDUAL DOSE
ESTIMATES.

Ao AP MM AL, WARRONET
DE2LERLELDENPRRT S.

Alve - M4k G A D GRS S0, BENT TNEON S (RERF B8# N TR1Z-87)
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2-2  ALL MALIGNANT NEOPLASM
ol DAL

HIRDSHEMA » NAGASANE, MALES « FEMALES. ALL AGES ATE

SHIELDED KERMA DOSE IN CRAY EXCESS R.R
FoLLORUP TOTAL FER CGRAY
INTERYAL DEATHS o .01- Ok -10- .20~ .60~ 1.g= 2.0- 3.0- 4.0 STD.ERROR
.05 .08 .18 .48 .99 1.99 2.99 3.483 (P-VALUED
18950-a5 DBS. 5936 2501 1358 335 429 558 349 244 33 3z 37 0_3835
TOTAL EXF. 2EBO.EB 1414.57 335.03 429.44 538.88 3J00.81 (6).37 t4.10 13,34 17.69 D.04Z8
0B5. REL. RISK 1.00 1.03 1507 .07 1.11 1.24 1.62 2.26 257 2.24 (0.0000)
FITTED REL. RISK 1.00 1.01 1.03 1.05 1.12 1.26 1.52 1.93 2.26 2.97
1950-55 0QBS. 567 221 153 2% 34 46 43 24 B 7 B 0.6244
EXP. 254.16 138.28 a) .57 10.58 5l.22 2R.88 15.23 4,02 1.28 1.8l 0, 1l627
0OBS. REL. RISK 1.00 1.27 0.91 0.96 1.03 1.71 1.81 2.29 6.28 3.81 (0.00003
1956-60 OBS. 6ETE 298 154 a8 i3 53 38 24 13 7 2 0.3318
EXP. 301.17 1B2.47 i8.217 49,868 BZ.38 35.15 18.51 4.92 1.38 2.09 0.1218
0BS. REL. RISK 1.00 0.96 1.00 1.00 0.86 1.08 .31 2.87 5.13 0.97 (0.0008)
1961-65 O0BS. 799 314 202 43 57 87 43 a7 13 ! 2 0.2947
EXP. 354.99 189.72 46.00 59.31 Th.41 42.42 22.35 5.681 1.56 2.42 0.1083
0BS. REL. RISK 1.00 1.20 1.08 1.09 1.32 1.15 1.87 2.53 B.12 0.54 (0.00233
1966-70 O0BS. 861 a67 187 54 §5 a9z kL] 33 14 3 T 0.4340
EXP. 391.73  201.9% 48.76 62.72  77.17 44.67 23.28 6.32 1.82 2.57 0.1080
085. REL. RISK 1.00 1.04 L. 18 0.94 1:27 0.83 1.51 2.37 1.78 2.31 (0.0001)
1871-75 O0BS. 953 408 206 58 80 B3 58 39 B 4 6 0.3177
P. 433.04 225.15 53.91 G9_6B  B4.A3 48.38 25.70 T.23 2.19 Z.88 0.1004
08S. REL. RISK 1.00 0.97 1.14 1.22 1.04 b.27 1.61 1.62 I-94 2.21 (0.0002)
1976-80 0B85, 1018 435 222 Bl 76 a7 69 40 15 3 6 0.4065
EXP. 459.12 243.81 §7.76 73.71 82.65 §0.22 27.80 T.85 Z.44 2.84 0.1050
OBS. REL. RISK 1.00 0.96 1.1 1.09 0.99 1.45 1.52 2.62 1.30 2.23 (0.0000)
1981-85 0865. 1062 458 224 56 78 110 59 417 15 7 (i} 0.4636
EXP. 486.48 253.21 58.77 73.79 96.22 91.10 28.50 8.16 2.67 3.09 0.1062
0BS. REL. RISK 1.00 0.9% 1.01 1.12 1.21 1.23 1.75 1.95% 2.79 2.75 {0.0000)
1983-85 D0BS. £33 230 127 32 48 59 35 26 11 5 6 0.4831
. 292.72 151.85  35.44 44.63 58.23 30.64 17.01 4.89 1.58 1.86 0.1391
08S. REL. RISK 1.00 0.84 0.91 1.09 1.02 1.15 .54 2.27 4.20 3.2% (0.0000)
FITTED RELATIVE RISK AT 1 GRAY > 1.3895 + 0.0428 { P-VALUE: 0.0000 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIADLE P-VALUE SICN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(HALE VS. FEMALE) Hil FiD 0.0051 (=) H<F
SEX(MALE V5. FEMALE) ABSOLUTE Hil Fi0 0.8182 (-} N.S
ACE ATE (UNDER 20 ¥S. 20+) <2011 20+:10 0.0000 (+} ATE <20 > ATB20-
CITY C(NIROSHIMA VS. NACASAKIT) Hil K:0 0.GBOAE {+} N.S
LOGLINEAR IN TIME SINCE 1980 TZ1860:T-1960 T<1960:0 D.9202 {*) N.5
LOGLINEAR IN TIME SINCE 1970 T=1970:T-1970 T<1970:0 0.3817 (+) N.§
NON LINEALITY 1K DOSE RESPONSE DaxZ 0.1260 {-7 N.5
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(1 s
HIROSHIMA + NAGASAKL, MALES + FEMALES, ALL AGES ATEH
SHIELDED KERMA DOSE I8 GRAY EXCESS R.R
FOLLONUD 10TAL FER GEAY
INTERVAL DEATIS [} 01- B L10- 20~ <50 1.0- 2.0- 3.0- 4.00  STD.ERKOR
0% .09 .18 .49 o 1489 2.89 3.99 {P-VALUED
1950-85 08S. 202 58 36 2 13 21 19 23 15 a9 £ 3.92
TOTAL EXP. B7.53 49.05 12.19 1518 19.20  10.04 5.61 | .67 0.56 0.62 0. 7764
0U5. FEL. RISK .00 L. 11 0,25 1.28 1.85 2.77% B.l12 13.53 23.40 1401 (0.0000)
FITTEN REL. RISHK 1.00 1.08 Fie? 1.55 2.22 3.87 B.25 10.33 13.81 20.80
1950-65 088, a3 4 | ] 3 | 7 I § ] 10.72
E¥P. 15,14 B.18 2.12 2.58 3.20 Lo T4 0.95 0. n.10 0.13 4.972
DES. REL. RISK 1.00 0.18 [l 1.87 0.53 3.8 12.33 5,52 B4.24 53.78  (0.0000)
I185G-60 0BS, RE| 1] G it} a 5 7 7 i 3 Q 0,001
EXF. 16.91 8.38 2.0 2.98 3.689 2.04 1.12 0.3% I 0.14 4,034 1
0gs. REL. RISK 1.00 I.bt 0.0 2.86 .82 4. 0B 17.69 24.24 74.03 0.00 (o.ooon)
1961-85 DBS. 26 5 T I 1 ] 2 2 a 0 0 3.501
EXi. 11.61 B.41 .49 1.88 2.431 1.28 0.68 0.21 0.06 0.08 1.974
0BS. REL. RISK 1.00 2.53 158 1.23 5.04 3.62 7.02  33.51 0.00 0.00  (0D.0005)
189B68-70 QBS. 18 6 a L] 0 1 2 2 3 0 1 5.702
EXP. .40 4.53 0.93 1. 20 1.48 .80 0.413 0.14 n.04 0.05 dLELE
ORS. REL. RISH .00 0.93 0.00 0.00 0.94 3.49 55 30.82 0.00 29.67  (0.0000)
1971-75  0OUS. 28 10 7 ] 2 a 2 2 z 0 n L. 187
EXP. 12.31 G.45 135 2.07 2.88 1.47 0.83 024 0,10 0.10 n.9182
OBS. FEL. RISX 1.00 1.4 0. 00 I18 1.38 1.67 2.98 10.11 0,00 0 (D.0487)
1976-80 ORS. KB 15 b I 1 2 0 2 1 0 0.6312
ENP, 12,04 7.43 1.98 2.53 3.20 I.E8 0.96 0.24 0.08 0.07 0.6973
OBS. REL. RISK 1.00 0.81 L4 0.34 0.54 .02 0.00 .18  |0.68 0.00 (0.1319)
1981-85 OBS. 25 7 § 0 3 4 i 1 a 1 1.818
EXD. 10.32 o 1548 | .98 2.64 1.a1 0.73 0.18 0.08 0.08 1.325
0B5. REL. RISK 1.00 1.44 0.00 2.26 2.23 0.00 B.10 7.62 D.D0  22.83  (0.0087)
|n&a-85 DBS. 12 B 3 0 1 ] 0 1 0 0 | 0.8069
EXP. 5.24 Z.88 6.72 0.83 | o 0.61 0.36 0,10 0.04 0.04 1.184
0BS. REL. RISK 1.00 0.91 0.00 1,05 .00 0.on 2.43 Q.00 0.00 23.49 {01602
ELTTED RELATIVE RISK AT 1 GRAY © 4.8212 % (.7764 { P-VALUE: 0.0000 )}
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPOKSE MODIFIER VARTABLE P-VALUE S1GN OF SCORE DISCRIPTION OF
EADIATION EFFECT
SEN{MALE V5. FEMALED Ml F:0 0.8634 {3 N.S
SEN(MALE VS. FEMALE) ABSOLUTE [ B8] F:Q 0.0UBR () u o F
AGE ATE (UNDER 20 V5. 20¢) <2031 20+:0 0.0038 (€] ATB <20 > ATR20+
CITY (HIROSKIMA VS. NAGASAKID Hel N:D 0.9743 (€] N.8
LOGLINEAR IN TIME SINCE 1960 TZ19B0:T-19680 T<1860:0 0.0000 =3 1960+ < - 060
LOGLINEAR 1N TIME SINCE 1870 TZI970:T-1970 T<1870:0 a.0001 =) 1970+ < =370
NON LINEALITY IN DOSE RESTONSE D=2 0.0424 {+) N.S




RERF TR 5-88

2-4  ALL CANCERS EXCEPT LEUKEMIA
T3 M85 1oL % 00 A 8 o il

HIROSHIMA + NAGASAKL, HMALES + FEMALES, ALL AGES ATE

SHIELDED KERMA DOSE IN GRAY EXCESS R.E
FOLLORUP TOTAL MER GRAY
INTERVAL BEATIS 0 LB 1= LOE- =L LED- 50- 1.0~ 2ol 3.0- 4.0 5TD,ERROR
.05 .03 .19 .49 .09 1.499 2,88 1.98 (P-VALUE)
1950-85 QBS. 5734 2444 1322 433 418 837 KR 2zl Th b 31 00,2334
TOTAL EXP. 2593.15 |165.52 B22.84 414.208 S19.68 290.48 165.70 42 .43 12.73 17.00 00404
ORS. REL. RISK I.00 1.03 f.04 1.07 Lilo 1.21 1,61 1:0% 1491 .83 {0.0000)
FITTED REL. RISK 1.00 1.01 1.02 1.04 1.08 1.20 1.439 Lisy 1,85 2,40
1550-55 ORBS. 532 212 152 25 il 48 14 1% 7 b 2 0.237¢
EXP. 239.02 129.50 20.45 d8.02 48.01 27.14 14 .28 3.72 118 | .GR 0. 1268
0BS. REL. RISK 1.00 1,32 0.86 0n.92 1.06 1.62 [ES 2.12 1.81 1.34% (0.03383
1956-60 0OBS. B3 252 143 a8 46 48 1) &) i 4 2 0.1240
EXP. 284.28 153.13 35.83 46.70 58 B4 331 17.08 4,57 1.27 .95 0.1042
UBS. REL. RILSK 1.00 0.95 1.043 0.496 0.80 0.81 0.95 2.13 3.08 1.00 (0.1688)
1961-65 0BS5S, 773 08 195 42 58 Rz 41 35 1 | 2 0.2264
EXP. J43.38  183.31 44.51 37,43 72.10 4114 21.689 5.60 1.50 2.33 0.1037
0BS, REL. RISK 1.00 1.18 1.05 1.08 1.26 1.1l 1.78 1.08 0.74 0. 8% 0.0178)
1966-70  0BS5. 543 361 194 54 ) 91 ai 3l 1] 3 4 0.2576
EXP. J83.33  187.42 47.83 B1.53 75,68 43.87 22,85 B.IA |.78 2.52 n.1022
0BS. REL. RISK 1.00 1.04 L.20 0.85 1.28 0.30 1.44 1.88 1.79 2.92 {0.0020)
[871-75 O0BS. f25 308 104 58 18 &0 56 a7 4 4 6 0. 2900
EXP. 420.73 218.70 §2.17 B7.60 B2, 18 46.91 24,88 6.98 2.09 2.78 00938
0BS. EEL. RISK 1.00 0.96 1.18 1.22 1.03 1.28 1.97 1.36 2.02 2.28 (0,0005)
L976-80 O0BS. a7 420 215 BED 75 a5 87 {0 17 2 L] 0.3958
EXP. 486.28 236.39 55.80 T1.17 80.45 48.54 26.83 T.41 2.36 2.76 0.1058
0BS. REL. RISK 1.00 0.97 P14 1.12 1.0l 1.47 1.58 2.44 0.80 2.3 (n.0000)
1981-85 OBS, 1037 451 218 SB 15 106 59 i 14 T i 0.4301
EXP. 476.16 247.08 5718 T1.84 91 .58 49.78 27.18 T.97 2.E0 i.02 0.1050
0BS. REL. RISX 1.00 0.93 1.03 1.10 1.20 1.2% 1.67 | .88 Z.84 244 (0.0000}
1983-85 D0BS. BET 284 124 32 49 59 35 25 1t 5 § 0.4717
EXP. 2RT.47 149.07 G472 43.789 57.12 30.03 t6. 65 4.79 1.464 1.82 0.1393
0BS. REL. RISX 1.00 0.84 0.83 1.08 1.06 1.18 1.52 2.32 3.28 2.77 (0.0000)
FITTED RELATIVE RISK AT | GRAY : |.2833 #* 0.0404 { P-YALUE: 0.0000 )

DOSE RESPONSE MODIFITATION SCORE TESTS

DOSE RESPONSE MODIFIER VARIABLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RADIATION EFFECT

SEX{MALE ¥S. FEMALE} Ml FiD 4.0018 {-) N <F

SEX(MALE ¥S. FEMALE} ABSOLUTE Hil Fi0 0.2741 L5 N.5

AGE ATH (UNDER 20 V5. £20+) <2051 20+.0 0,0002 {+) ATE <20 > ATB20:
CITY (HIROSHIMA VS. HAGASAKID Hil N0 0.8661] (+) N.5

LOGLINEAR IN TIME SINCE 1860 TZ1960:T-1960 Te<[RE0:0 0.0333 (=) 1360+ > 1960
LOGLINEAR IN TIME SINCE 1870 TZ1970:T-1870 Te[270:0 0.0439 (e} 1570+ s -1970
NON LINEALITY IK DOSE RESPONSE IES 34 0.0803 (-} N.S




RERF TR 5-88

2.5 CANCERS OF TIE DIGESTIVE ORGANS AND PERITONEUM
B UFE s o 4

ik A

WIROSHIMA + NAGASAKID,

MALES + FEMALES,

AMLL AGES ATH

SHIELDED KERMA DOSE IN CRAY EXCESS B.R
FOLLOALY TOTAL PER GRAY
INTERVAL DEATHS 0 - 0B~ O- iz~ 5D~ il 2.0- 3.0- 4.0+  STD.ERROR
03 .09 .18 L48 .93 1-89 2.9 .93 (P-¥ALUEY
1960-80 QBS. 328 13351 7343 (§:5 231 288 174 121 i 2} 20 0.2413
TDTAL B 1407.74 798.68 170,06 229,08 287.40 160.76 B6.50 23,08 T.08 q9.41 o, 0520
0BS. REL. RISK 1.00 .08 1.09 1.07 1.06 1-14 1.48 1.65 1. d4 2.25 {0.0000)
FITTED REL. RISK .00 1.00 S 1.903 1.07 .18 132 15T 1.78 222
1960-65  UBS. 291 121 /1 12 13 26 29 12 3 0 ! 0. 1451
EXr. 131.493 BO.T7 16.52 21.08 26.58 15.14 B.26 2.08 0.70 0.99 0.1EOR
0BS . REL. RLSK 100 127 0.7% 0.67 1.07 1.73 1.58 1.58 0.00 1.10  t0.1476)
1456G-60 0BS. GRA 155 45 22 29 30 1B 11 5 2 | 0.0747
EXP. 160,57 A6.33  21.52 27.87 34,98 19.81 10.34 2.68 0.76 .14 0.1284
OBS. BEL. RISK .00 (S ] 1.08 1.08 0.88 0.84 1.10 1.94 2.73 [} (0.5120)
149R1-85 OHS. 4501 152 104 25 BN 47 21 20 [3} | 2 0.2196
ENP. 200.11 i05.83 26.27 33.73 42.26 24.33 12.94 a.27 .88 39 0.1339
pRS. REL. RISH .00 1.0z 0.99 1.02 [ 0.30 .61 (3% 5 1.18 1.50 (0.0588}
1966-70 088, 483 210 124 N 21 11 19 17 2 ] o.1708
EXP: 218.37 112.22 27.789 40,94 43.83 25.53 13.26 3.82 1.02 1.45 0.12349
0BS. REL. RISK 1.no 1.15 1.18 0.78 1.04 0.77 1.33 1.48 2.03 2.488 {0.0822)
1871-75 OBS. a04 217 110 al 44 al 24 20 4 1 2 0.1338
EXP. 228.40 118.82 2B.78 4T.00 4514 25.70 13,78 .74 : L 1 1.52 0.1157
0BS. REL. RISK 1.00 Q.97 1.14 1.25 119 0.498 1,53 1.13 0.8l 1.34 (0.2191)
197h-R0  OBS. 500 211 110 a1 47 42 ah 117 g 0 4 0.3732
EXF. 229,86 121.64 28.92 36,91 46.39 25.02 13.88 3.17 1.21 1.41 0.1451
0BS. REL. RISK 1.00 1755 B2} 117 I.38 0.99 1.70 1.33 2,31 oo | (0.0DL9)
E9R1-BE OBS. 523 225 |08 33 i 40 31 24 2 K] B 0.4637
FAP. 208,50 124.09 29.48 36.589 48.08 25.22 14.1B 4.01 .35 1.53 0.1510
OKS. KEL. FISK 1.00 0.83 1.18 .10 1.08 1.30 1.80 |.32 .36 .16 {0.00012
1983-85  0BS, ang 142 51 I8 24 12 21 B 4 : 4 0.5816
EXP. 130.56 73,94 17.59 22.05  28.81 14,98 8.83 2,35 [ 0.89 0.2136
085. REL. RISK 1,00 0.67 0.89 1.08 | .08 1,37 131 [ 3.82 4.47  (o.0002)
FITTED BELATINE RISKE AT ) GRAY © 1.2412 = 0,0520 ¢ P=YALUT: 0.0000 )
DOSE RESPONSE MODIFICATION SCORE TESTS
D0SE RESPONSE MODIFIER VAR TABLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RADIATION EFFECT
EEXCHALE ¥S5. FEMALE) Hil Fio 0.01s7 £=3 M F
SEX{MALE V5. FEMALE} ABSULUTE Mol Fi0 0.68415 =3 N.5
AGE NTH CUNDER 20 VS, 20+) =201 20«0 0.0038 () ATR <30 > ATB20~
CITY (HIROSHIMA VS. NAGASAHKL) Hil N:D n.n430 (+3 .5
LOGLINEAR IN TIME SINCE 14B0 TZI19R0:T- 1960 T<1960:0 0.0589 {+) N.S
LOGLINEAR IN TIME SINCE 1070 T=14870:T-19870 T<1970:0 0.0374 () 1970 > »1870
NON LINEALITY N DOSE RESPONSE Baxl D.BATE (-3 N
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RERF TR 5-88

2-6  CANCER OF TIIE ESOPITAGUS

g
NIROSHIMA + NAGASAKID, MALES + FEMALES, ALL NGES ATH
SHIELDED KERMA DOSE [N GRAY EXLESS R.K
FOLLONUP T0TAL FER  GHAY
INTERVAL DEATHS 0 Rl B~ S0 .20~ L 60- I, 0- 2.0~ 3.0- 4.0 STO.ERROR
.05 169 -19 48 .99 .49 2.9% a.99 {P-YALUE)
1050-A% OES. 178 a3 27 1l 18 13 10 ] 4 2 0.4297
TOTAL EXF., gL.08 39.12 10,28 12.95 15.84 9.15 5.48 1.25 0.44 b.58 0.2500
OBS. REL. RISK 1.00 0.67 1.05% |36 0.80 1T 1.48 3.13 0. 04 d.40 £0.0238)
FITTED REL. RISK .00 1.01 |.03 1.08 Lo13 120 1.58 2.02 2.31 .17
1950-55 ORS. 2n a 3 | 3 1 I 1 ! 0 0.5419
EXP. -8 4.B4 .12 1.4 1.78 b.02 0.58 0.14 .05 0.07 0.82449
0B5. REL. RISK 1.00 0.BE 0.91 2. 17 0.57 .an o 4 T.54 il 0.00 (0. 3566
I45E-60  DBS. 18 a9 2 | 0 1 I 2 1 o | 1.732
EXP. T.95 4.02 L.08 1.40 1.73 L.00 0.57 0.14 .05 0.06 1.438
0BS. REL. RISK .00 0.44 0.82 0.00 .51 Q.88 3,13 5.47 .og 13,81 {0,0139)
13961-63 DBS. 29 13 k] 3 2 il 1 2 0 1.021
EXP. 13.28 B.48 L.70 .03 2.59 1.58 0.92 0.20 0.07 0.10 0.8589
0BS. REL. RISK 1.00 0.47 L.20 1.47 0.73 1,893 1.11 10.05 .00 0.00 (D, 0BED)
1966-70 0BS, 38 20 7 2 5 0 | 0 0 ~0. 1643
EXP. IB.45 8.26 2.10 2.80 3.2 138 1.08 0.25 .07 .13 0.135%
0BS. REL. RISK 1.00 0.78 = 0.7 48 0.00 0.85 0.00 .00 0.00  (0.38L5)
1871-75 OBS. 25 13 2 1 ] 0 2 2 o o 0.1012
EXP. 10.78 §.55 L.58 2.14 2.43 1.43 0.74 0.22 0.07 0.08 0.4757
0BS. REL. RISK 1.00 0.30 0.53 1.93 0,00 1,16 2,25 0.00 .00 0,00 {D.8231)
18976-80 0BS. 26 8 B 4 2 3 I o 0 0.16186
EXP., I1.59 5.8B 1.59 1.85 2.52 1.28 0.88 0.119 .08 0.06 0.527¢
085. REL. RISK 1.00 l.48 1.83 2.97 1.15 3.38 1.65 0.00 .on ¢.00 (0.76420
1981-85 08S. 20 11 4 I 1 2 0 0 0 i 0.2660
EXP. 9.88 4.31 1.10 1.38 1.70 0.91 0.51 0.12 BT 0.07 0.6548
0BS. REL. RISX 1.00 0.83 0.22 0.66 1.08 0.00 0.00 .on o0 12.27 (0.4348)
1983-85 OBS. 13 T 3 0 1 o 0 0 0 -0. 1665
EXP. 6.27 2.81 0.72 0.94 1.1 0.60 0.34 0.08 01 0.04 0.0826
0B5. REL. RISX 1.00 0.38 0.00 0.85 I 0.00 0.00 0.00 an 0.00 (0.5323)
FITTED RELATIVE RISK AT 1 GRAY @ 1.4297 & 0.2500 ( P-VALUE: 0.0238 )
DOSE RESPONSE MODIFICATION SCORE TESIS
DOSE RESPONSE MODIFIER YARTABLE P-VALUE SIGN OF SCORE DISCEIPTION OF
RADIATLON EFFECT
SEX{MALE VS. FEMALE) Ml Fi0 0.0177 ) HoEF
SEX(MALE VS. FEMALE) ABSOLUTE HIl F:0 0.8423 L N.§
AGE ATH (UNDER 20 V8. 20+) <201 Z0+:0 0.B0S2 {-) N5
CITY CNIROSHIMA V5. NAGASAKI) {59} L] 0.0834 {*} N.§
LOGLINEAR [N TIME SINCE 1960 TZ1H4601T-1960 T<1860:0 0. 1572 -2 N.S
LOGLIKEAR [N TIME SINCE 1970 TZ1870:7-1870 T<1870:0 0.5828 (=2 N.5
NON LINEALITY IN DOSE RESPUNSE Drxi 0.9405 {+) N.5
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14t

HIRDSI IMA + NAGASAKI, MALES + FEMALES,

2-7 CANCER OF TIE STOMACII
(R

ALL AGES ATH

RERF TR 5-88

SHTIELDED XERMA DOSE 1IN CRAY EXCESS R.R
FOLLORUR TOTAL PER GRAY
INTERVAL DEATHS 0 SINES 06~ BE L20- -50- 1.0- 2.0- 3.0~ 4.0+  STD.ERROR
.S ] 18 41 .95 1.99 2.99 3.80 (P-VALUE)
1950-88 g 2007 B4 464 118 144 191 114 18 21 5 13 0.228)
TOTAL ERP, 800.47 471,94 115.44 147.B4 185,15 104.00 55,80 14.76 4.4 6.10 0.0640
065, REL. RISK | .00 I.08 1.08 1.02 1.09 1.18 1.48 |.50 (BN E:] 2.25  {0.0000%
FITTEN REL. RISK .00 1.00 1.02 1.03 1.07 1.6 1:31 | .54 L.74 2.15
1950-55  OHS, 218 a1 i) i 8 18 (1] 9 2 1 02228
EX V. 98.71 51.80 12,20 15.51 19,80 11.20 E.11 I .53 0.51 0.74 0.1917
OlS. PEL. RISK 1.00 Laan 0,71 0.56 .00 .84 | . B0 1.41 0. 1.87 (0, 72045)
P9TE-EL 0BS. 281 116 71 17 25 2 14 8 ] 1 i 0.0062
EXP. 123.04 BE. 04 |B.58 21.52 27.01 15.31 A6 2.01 .58 0,84 0. 1282
0BS. REL. RISK 1.00 .14 1.08 1.23 0.98 0,87 1.07 2.05 1.81 0,0 {1.0000)
1961 -65  OBS. 207 128 T4 I} 20 a2 14 18 3 I 2 0.2819
E¥P. 131 .00 ES . BB 17.40 22.48 28.08 16.12 B.55 19 0.58 092 0.1741
ORS. REL. RISK 1.00 B 0.868 0.93 1«18 0.91 1 .84 1.43 1. 80 2.27 {0.0488)
|GGE-70  ORS. aze 145 a1 18 2] 28 12 10 5 1 3 0.1681
EXP. 145,75 T4.23 18.67 23.98 29.28 17-14 887 2437 0.69 1.01 0.1438
OBS. REL. RISE 1.00 1.10 0.7 0.88 0.88 0.70 1.13 2.12 1,48 3.00  (0.1483)
i971-75 OQBS. HEL] 151 E7 20 23 39 13 13 i 1 2 0.1078
EXD. 143.86  77.62 18.89 24.23 29.58 16.82 9.10 2.44 0.75 .00 0.1385
0BE: REL: RLE% 1.00 0.85 1.035 0.94 (=11 8 iy ¢ 1.41 0.4 1.53 1.98 (0.3834)
14976-80 ORS, a0d 121 B2 el 28 28 26 11 L] i} 2 0.4545
EXP. 137.81 72.10 §7.00 21.82 27.S50 14.84 a.17 2.20 0.72 0.814 0.1497
OBS. REL. RISK 1.00 .98 1.41 | .45 1.18 2.00 1.63 2.07 0.00 2.70 (0.0073)
1981-85  DES, 256 105 h2 24 18 23 1 12 2 1 3 0.4452
-1 LN I15.68 60.38 14.70 18.30 24.10 12.98 7.03 1.494 0.G6 0.70 0.214
OBS. REL. EISK 1.00 0.95 .80 |.08 1.05 1. 40 1.88 I.13 1.GH 4.71 {0.0069)
|98%-B5 DBS. 145 il 24 11 1 14 13 4 1 l 3 0.625
EXP. £5.0¢ 4,18 8.32 10,459 13,88 T 07 4.00 § EFI 0.35 0.40 0.3198
0BS. EEL. RISK 1.00 0.72 1.37 1.07 1.04 1.87 1.03 0 2.94 T.76 (0.00564)
FITTED RELATIVE RISK AT 1 GRAY |.2281 £ 0.0630 ( P-VALUE: ©.0000 }
DOSE BESMONSE HOUDIFICATION SCORE TESTS
BOSE RESPOGNSE MODITIER VARIABLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEXCHMALE VS. FEMALE) Ml Fio o123 (-2 [ ES
SEX{MALE ¥S, FEMALE} AODSOLUTE Hil F:o 0_EL04 {-) 0.3
AGE ATB (UNDER 20 VS. 20+) <2011 20+:0 0.0476 (+) ATB <20 » ATR2N-
CITY (HIROSHIMA VS. NAGASAKI) n: L] 0.2022 =3 N5
LOGLIKEAR N TIME SINCE 1260 TEZIAG0:T- 1060 T<l960:0 0.1615 (=) N.§
LOGLINEAR IN TIME SIKCE 1970 TZ1970:T-1970 T<1870:0 0.1232 (+) N.S
NON LINEALITY IN DOSE RESTONSE IEE 3 0.B957 (- X.5
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RERF TR 35-88

2-8 CANCER OF TIHE COLON

15 S

HIROSHIMA « NAGASAKI,

MALES - FEMALES,

ALL AGES ATE

SHIELDED KERMA DOSE IN GRAY EXTESS R.R
FOLLORUP TOTAL PER  GRAY
INTERVAL DEATHS 0 L01- 0B~ Jlo- .20- 50~ 1.0- 2.0- a.0- 4.0 STD.ERROK
.06 .08 <19 .48 .84 1.49 2.99 4.99 {P-VALUE)
1950-85 OBS. 232 103 57 10 10 20 12 i B 2z 4 0.5627
TOTAL EXP 103.44  55.15  13.30  17.18  21.67 11.08 G.44 1.73 0.53 0.66 0.2442
0BS. REL. RISY 1.00 1.04 0,75 0.58 0.93 1.01 1.25 5.49 3.78 .07  (D.DOU4)
FITTED REL. RISX 1.00 .ol .04 1.08 {2 ) 1.38 1.75 2.4 282 3.84
1950-55 OBS. 12 4 § [} 1 H ] 0 0 il ] -0. 1648
EXP: 4.95 2.90 0.78 0.96 .20 0.70 0.45 0.10 0.01 0.04 0.1180
0BS. REL. RISk .00 2.13 0.00 1.28 2.08 0.00 0.00 0.00 0.00 .00 C0.4BE4D
1956-60 0BS. 9 5 3 0 il 1 i} [ 0 0 o 0.1845
EXP. 3.17 2.13 0.54 0.75 0. 04 0.514 0.5 0.07 0.01 0.0524
OBS. REL. RI5K .00 1.08 0.00 0.00 080 0.00 0.00 0.00 0.00 0.00  (0.E180)
19R1-B5F  ORS. 21 7 i 2 2 2 3 ] | o 0 0,0245
EXP. B.65 4.92 1.36 1,75 2.20 1.24 0.62 0.16 0,05 ah 0,827
DES. REL. RISK .00 1,01 B2 1.41 1.14 2.499 0.00 .80 0.60 0.00 (0. Asn1y
196B-70 005, 38 i 5 1 1] 3 1 0 | 1] 0. BLGL
EXP. 16.086 8.8l I 2.66 27 1.85 0.95 0.26 0.07 0.08 0,768
OHS. REL. RISK 1.00 0.54 1.81 0.0 1.44 051 2,98 0.00  13.09 0.00 {0, 11468)
1971-75 0AS. 4§l 12 13 3 4 2 4 1 | 0 0 0.2850
E¥p. 18,85 8.62 2.4 3,00 3.87 2.08 1.0 0 0.08 0. 14 0. 4787
OHS. REL. RISK 1.G0 1.94 1.7 g D.78 ] 1.31 5,14 0.00 .00 (050230
1976-80 ORS. 47 a5 bl 1 2 1 2 ki 2 0 ) 0.9280
EXP. 20.76  11.09 2,178 3.63 §.48 2.41 L 0.37 0.12 0.12 0.6031
0BS. REL. RISK 1.09 0.87 0.30 0.46 0.18 0.89 | .34 4.52 0.00 13.66  {(0.DOR4)
1981-85 0OBS. 1] az 18 1 7 2 I 2 | 2 0.6L18
EXP. 30.E1 15. 69 3.49 4.43 5.83 3.10 | .80 0.50 0.17 0.20 0.4642
0#S. REL. RISK 1.00 110 0.00 n.22 1.18 n.R2 51 3.81 5,58 4,70 {0.0238)
1983-85 OBS. 37 18 8 1] il & | 0 2 1 | 0.9863
EXP. 18.77 5.89 2,07 2.56 d.44 1.77 | .02 0.27 0.09 0.1 0.7614
0RS. REL. RISK 1.00 0.84 0,00 0.00 .82 053 0.00 6.83  10.41 g.30  {0-.01949)
FITTED RELATIVE RISK AT | GRAY 1.6627 = 0, 2442 { P-VALUE: 10,0004 )
DOSE RESPUNSE HODIFICATION SCORE TESTS
NOSE RESPONSE MODIFIER VARIARLE P-VALUE SIGN OF SCORE I1SCRIPTION OF
RADIATION EFFECT
SEXN{MALE V5. FEMALE} (L B 0.5849 (-} H.§
SEX{MALE ¥5. FEMALE} ABSOLUTE Wil F:0 0.6349 {+} H.S
AGE ATE (UNUER 20 V¥S. 20+) <2021 20410 0.0052 () ATB <20 > ATBEDs
CITY (NIRCSHIMA VS. NAGASAKI) Hit  KiO 0.0549 () N.5
LOGLINEAR 1N TIME SINCE 060 TZI8E0IT-1960 T<1960:0 0.2617 () N.S
LUGLIKENE IN TIME SINCE 1870 TZI87T0:7-1970 T<1870:0 0.5133 (651 L]
NON LINEALITY IN DOSE RESPONSE IEE 00450 (*) QUADRATIC TERM 15

SIGNIFICANT
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2-9  CANCER OF THE RECTUM

CRIDER

RERTF TR 5-88

WIRUSHIMA + NALASAK], MALES + FEMALES, ALL AGES ATR
SUTELTED KERMA UOSE [N GEAY EXCESS R.K
TOTAL I'ER GRAY
DEATHS il L .06 L9 L2T- .50 1.0 2.0~ 3.0- 4.0+  STD.ERRUR
ne .09 e ikl k| 144 2.44 4.99 AT-WALUE)
ORS. B 03 50 1 If 25 10 ¥ 2 ] 0 -0, 0887
EXP. BR.6L SL.BY 12,14 15,48 10,28 10 8B 5.6 | B4 n.48 0.E65 0, 1258
445, KEL, BESH [ b0y U F:3 (B 1.8 (5 1.12 | . a8 0,00 .60 (U.G8L2)
FITTED KEL. KISk .00 1.00 (L] k] 6.98 0.95 0.491 0.84 0,78 0.65
145055 OiS. A I 5 ] B | i 2 0 0 1] 0.5889
ERD. 8.04 445 (ST 1.588 2.0 16 0.51 B,18 U.06 0.407 0,74974
ob%,. REL, RISE 1,00 0.91 n.on 000 0.44 285 Z.85% 0.00 .00 n 40.3807)
[T R T 1150 2| ] i ! 4 ! i 0 0 0 -0, 1846
EXP. 9. 50 508 LT |.49 1.8 1.0b 0.57 0.14 0.4 0.08 0, 0d07
on%. REL. RISK 1.00 n.gaa 0.8l 2.54 0.50 0.0k 0.00 0. 0.00 0.00  {0.3594)
P9l -85 DBE. a4 17 ] 1 2 B ] 0 0 il 13 =D, 1664
EXP. 16.30 B.C8 1.74 2.18 2.7R | B 0. 83 0.2 o.07 0.10 D083
0pS. REL. RISK .00 b.45 0.55 0.88 2.07 0.00 0.00 0.00 0.00 po (0_Bennd
LURG-70  OiS. 26 f # R ] 2 2 0 ] 1 ] -0. 1645
EXF. 113 5,19 190 1.8Y 2,04 1.32 0.E9 0,17 0.05 .07 0.1438
UBS. REL. RISK 1.00 1.80 2.49% 2.34 1.26 2.23 0.00 0.00 0.00 0.00  {0.537B)
1971-79  OKS il 14 L} 2 3 2 | L1} u [} [} =0, IB6EY
i3 B Lo 14,77 7.1¢ I.64 2.4 2.69 JEE 0.50 .02y 0,07 0.08 o.1e
OBS. REL: RISK I.uo 1.04 1.28 1.48 .80 ¢.63 0.00 u.og 0.00 0.00 {0.3315)
I97E-80 OBS. 41 [ i} i b} 4 1 2 [t} 4] 0.7634
ERI, 18,03 16.01 2.47 $.12 4.87 |58 1.0] 0.30 0.08 0,12 0.GEGE
ORS. REL. RISK 1.00 0.95 0.00 0.68 2.19 1.07 ks 7.07 0.00 0.00  (0.13802
PHGL-85  OBS. 4 17 2 4 2 5 e 4 o 0 0.2093
Exb. 18,28 10,04 2. 38 2.81 8.72 2,02 1.08 0.33 0.10 0.14 0.4292
OBS . REL. RISK 1.00 Lo i B 0.78 L.5e .12 314 0.00 0.00 0.00 (0.E242)
1983-/5 OBS. 27 2 3 a3 ! 4 1 i 0 0 0 0.7404
E&P, 12.08 .58 bR 1. 85 2.50 1.40 0. B8 0,21 0,07 0.04 0749186
OBS. REL. RIS 1.00 0.46 1.98 0.52 .51 0.78 4,38 0.00 0.00 0.00 (0.2GT4)
FITTED RELATIVE RISE AT GRAY 0.8313 = 0.12EB { P-YALUE: O0.BB0O2
DUSE RESPOXNSE MODIFICATION SCORE TESTS
DOSE RESPONSE MADIFIER VARIABLE P-¥ALUE S51GN OF SCORE DISCRIPTION OF
EADTATION EFFECT
SEXCMALE VS. FEMALED Wil Fi0 0.18913 {3 N.5
SEX(MALE VS, FEMALE) ABSOLUTE Mit  Ei@ 0. 1908 {3 N.S
AGE ATB (UNDER 20 Y5, 20+) <2011 20+:0 0,538 =2 h.§
COTY CHLROSHIMA VS, NAGASAKLD) B8] Nio 0.9851 (=) §i5
LOGLINEAR 1IN TIME SINCE |360 TZI960:T-1960 T<1980:0 0.284% =0 N.E
LOGLINENR N TIHE SINCE 10370 TZI970°T-1970 T<1970:0 0.2025 £ L
HON LIKEALITY [N DOSE RESPONSE Daxl 0.23110 k=13 LI
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2-10 CANCER OF TIHE LIVER (PRIMARY)
Ml dss (151 %)

HIROSHIMA + MAGASAKI, MALES + FEMALES, ALL AGES ATH

SHIELDED KERMA DOSE 1N GEAY EXCESS R.R
FOLLORED TOTAL M"ER GRAY
INTERVAL DEATHS 0 0i- 0B- L1a- .20 LA0- 1.0- 2.0- 2.0= 4.0. STIH ERROR
.05 .08 .18 .48 .98 1.499 2.44 3.449 {P-¥YALUE)
1450-85 0OBS. 71 a5 15 4 7 7 B 2 0 4 1 0.1216
TOTAL EXF 43.93 17.73 4.78 5.70 7,39 4.00 2,21 0.73 0.2% .2y 0.2714
OBS., REL. RISk 1.00 0.82 0.8&1 L. LA 0. 52 1.46 0,88 0.00 0.00 3.54 COLRTLRD
FLITED REL. RISK 1.00 1.00 1.0l 1.02 1.04 1.08 1. 16 1.28 1.349 .81
1850-85 0BS. a o 0 a il 0 L] 1] 0 o ] L ]
EXP. 0.00 0.00 Q.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 X%
0RS. REL. RISK YN Xxx K Ty KK LR nEX ¥R Ky i%x
La56-60 0DBS. I 1 e} [t 4] 0 ] 1} 0 o 4 oL BT
EXP. 0.41 0. 22 a.a7 G.0& 0.10 0.06 0. 04 0.01 b.6d a.on 0. a6Ee
DBS, BEL. RISK 1.04 0.00 0.00 0.00 0.00 0.00 0.00 o.oo 0.00 0.00
1961-65 OBS. 4 1 1 L 0 0 a 1 0 0 a
EXP. 2.09 0.95 0.20 0.23 0.30 .18 0.08 0.02 0.00 0.01
OBS. REL. RISX 1.00 Z.10 9.96 0.00 0.00 9.40 21.10 0.00 0.00 0.00
L986-T70 O0BS. T 3 2 0 H 1 L] 0 0] o | 1276
EXP. 3.07 1.57 0.42 0.58 0.70 .19 0.19 0.08 0.0l n.02 2.017
0B5. REL. RISX 1.00 1.30 0.00 0.00 1.47 .00 0,0 G.00 0.040 an.5d (0.12813)
1871-75 DQBS. B 5 1 1] ] 2 L] o o a V] -0, 1715
EXP. 3.85 1.81 0.43 0.60 0.77 0.41] n.2a 007 .03 0.02 0.24101
GBS. REL. RISK 1.00 0.40 0.00 0.00 1.90 0. 0.ue 0.00 Q.00 .00 (0.6242)
\976-80 O0BS. 12 4 2z 2 2 0 1 o 0 o 0 -0.IBEB
Lxr. 4.85 2.4l 0.73 0.82 1.08 0.58 34 0.12 0.03 0.05 0.212l
OBS. REL. RISK 1.00 1.01 3.3z 2.86 0.00 2.08 0o 0.00 0.00 0.00 {0.8067)
|B81-85 O0BS. 45 21 i) L 9 4 b 1 0 o 1] -0. 1659
EXP. 14.45 41 ) 2.93 3.349 $.47 237 1.4 0.46 0.8 O.18 0.1043
0BS. REL. RISK I.00 0.79 0.3z [.40 0_856 2.00 0,71 n_oo .00 0.0n {0.5AB7)
1383-35 OHS. 23 18 ] 0 2 1 2 | 0 0 ] -0, 1662
EXP. 12.51 6.74 .91 2-14 2.85 1.50 0.85 0.28 0.11 .10 0.1140
0B5. REL. RISK 1.00 0.52 0.00 0.65 0.24 0.33 0.82 n.00 .00 0.00 (0. 4849}
FITTED RELATIVE RISK AT 1 CRAY ! 1.1216 £ 0.2714 { P-YALUE: 0.5718 )
DOSE RESPONSE MODIFICATION SCORE TESIS
UOSE RESPONSE MODIFIER VARIABLE P-YALUE SIGN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(MALE VS. FEMALEY LS F:0 0.2542 (-3 N.§
SEX(MALE VS. FEMALE) ABSOLUTE L | Fi0 0.5264 i-2 N.S
AGE ATB (UNDER 20 ¥5. 20+) <2031 20+:0 0.1225 -2 N.5
CITY CHIROSHIMA V8. NAGASAKI) {38 o n.9726 {*) N.5
LOGLINEAR 1N TIME SINCE |360 TZISB0:T-1060 T<1860:0 0.0B98 =2 L]
LOGLINEAR IN TIME SINCE L370 TZ1970:T-1870 T<1970:0 0.0626 L= W.§
NOK LINEALITY [N DOSE RESPONSE Dez2 0.4588 L+ NS
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2.11 CANCERS OF THE GALL-BLADDER AND BILE pucTs
fiel a8 116
HIROSHIHA + NAGASAKI, HALES « FEMALES, ALL AGES ATR
SHIELDED KERMA DOSE 1N GEAY EXCESS R.R
FOLLORUP TOTAL PER  GRAY
LNTERVAL DEATHS 0 - L0B- nLE .20~ .50- 1.0- £.0- 3.0- 4.0+ STD.ERROR
0§ .08 Rk A8 .89 1.98 2.84 2.499 (P-VALUE}
1850-85 OBS. 149 54 43 A L7 10 5 10 L 1 i 0.3730
T0TAL EXP. B9.2R  a7.12 7.70 5.84 12.5§ 7.0% 9.7 1:05 0.3! 0,48 0.2771
0BS. REL. RISK 1.00 1.49 1.33 2.22 1.02 0.91 .43 1.22 $.12 0.00  {0.1269)
FITTED REL. RISK 1.00 1.0l 1.03 1.05 1.12 |25 1,50 1.89 2,20 2.88
1950-55 OBS, i il ] 0 0 0 il 0 i i il LER
EXF. 0.00 0.00 0.00 o.o0 0.00 0,00 0.400 0.00 0.00 0.00 NN
0BS. REL. RISK ER§ LR b8 bR 5ix ALK (381 (R4 ¥1% iy
L956-60  ORS. 7 - 4 (] 0 il 1 0 o il 0.3243
EXP. 3.12 1.7 0-41 0.43 0.62 0.35 0.18 0.08 0.0t 0.02 1.231
0B5. REL. RISX 1.00 3.5 0. G.00 0,00 0.0o B.53 0.00 0 o.00  (0.7401)
1961-65 OBS. 16 2 3 1 2 il 0 2 i} 0 o 1.462
EXP. 7.16 3.80 0.9! 1.7 5 0.85 0.43 0.11 0.02 0.05 1.431
OBS. REL. RISK 1,00 2.82 15,66 612 7.18 0.00 1B.71 0.00 0.00 o.00  (0.1923)
1966-70  0BS. 21 i 12 1 1 1 I 1] il a -0. 1585
EXP. 8.76 I 1.24 1.74 2.13 1.18 0.55 016 0.05 0.08 02568
0BS. REL. RISK 1.00 5.08 1.7 1.28 1.03 1 4.00 0.00 0.00 0.00  {D.GRAZ)
1871-75  OBS. 27 5 3 2 4 3 L 2 [ i 0 2,047
EXT. 10.08 5.53 1014 1.48 1.85 .07 0.59 0.18 0.08 0.05 1.514
0RS. REL. RISK 1.00 0.91 2.95 4.60 2,71 | .58 5.73 10,87 0.00 n.00 (0.0345)
1976-80 0BS. 30 19 12 (] 4 I 0 il o 0 ] ~0.1687
EXF. 17,44 a.27 1.84 2.10 2,62 1.58 0.90 .28 0.07 0.08 0.0R1E
0BS. EEL. RISK 1.00 1.:18 0.00 |.75 0.35 0.00 0.00 0.00 0.00 0.00 (D,2453)
|481-85 DHS. 47 21 il 1 [ 2 3 ] 0 1 il 0.9576
EXP. 22.71  11.B0 2.30 2.80 3.83 2,02 1.08 0.32 0.10 0.13 0.6314
UB5. REL. RISY 1.00 0.84 0.47 2.24 0.58 1.61 3.96 o.00  10.82 0.00 {0.0554)
1983-85 0BS. 29 14 2 1 § 1 2 2 0 1 0 I.272
EXP. 19.86 T.41 1.4 1.74 2.38 1.22 0.64 0.13 .06 0.08 .09
0BS. REL, RISK 1.00 0.27 0.70 3.42 0.42 1.62 3.08 0.00 17.52 U.00  (D.06S2)
FITTED RELATIVE RISK AT | GRAY : 1.37390 % (.277l { P-VALUED 0.1259 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MUDIFIER VARIABLE P-VALUE SICH OF SCORE DISCRIPTION OF
EADIATION EFFECT
SEXCMALE VS. FEHALE) M:1  FiD 0.8220 (-} N.5
SEX{MALE VS. FEMALE) ABSOLUTE N:l Fio 0.8346 -3 N.5
ACE ATB (UNDER 20 V5. Z0+} <2001 20+:0 0.1758 (+} N.5
CITY (HIROSHIMA V5. WACASAKL)D meio KN:o 0.7674 E] K.8
LOGLINEAR IN TIME SINCE 1850 TZ1860:T-1960 T<|9B0:0 08700 - H.5
LOGLINEAR IN TIME SINCE 1370 1=1870:T-1970 Te<1H70:0 0.9315 (+) N.5
NON LINEALITY TN DOSE RESPONSE IESE 0.2943 {3 K.5

71



RERF TR 5-88

2-12 CANCER OF THE PANCREAS

HIROSHINA +

[ Reti

NAGASAKL, MALES +

FEMALES, ALL AGES ATE

SHIELDED KERMA DOSE IN GRAY ERCESS R.R
FOLLORUP TOTAL PER GRAY
INTERVAL DEATHS 1] 0= -08- g -20- 50- 0 2.0- 3.0- 4.0+ STD.ERROR
.05 .04 A8 .43 o 1.94 2.99 3.88 (P-VALUE)
1950-85 0BS. 181 78 18 17 L3 15 11 T I ] 0 -0.1058
TOTAL EXP. 53.92 4B6.29 11,04 14.35 17.82 9.92 5.24 .44 0.44 0.54 n.1182
0BS. REL. RISK 1.00 L.10 1.54 0.96 0.89 1.18 1.42 0.74 0.00 0.00 {0.5270)
FITIED REL. RISK 1.00 1.00 0.59 0.38 .97 0.93 0.86 0.75 0.66 0.47
1950-55% 0QBS. K] q I 1 L 1 o o 0 0 1] -0. 1855
EXP. .22 0.G9 0.20 0.26 0.32 0.18 0.09 0.02 0.0l G.01 0.1200
0BS. REL. RISK LR R LES) WK IR ER Xa¥ XX ik LB8) REX (0. 8085)
1856-60 OBS. 18 9 [ 2 o ] 0 ] 0 -0.1835
EXF. B 4B 4.39 0.83 L1 8 1.48 0.88 0.48 .12 0,04 0.05 0.1137
OBS. REL. RISK 1.00 1.2% 2.02 .00 B4 0.00 0.00 0,00 0,00 0.00 (0_3fa1)
1961-B5 0OBS. 33 18 T | i 1 0 (1] 0 =0.1778
EXP. 14,15 T.64 1 Z2.63 3.20 1.91 0.98 0,26 0.07 0.10 0.0826
0BS. REL. RISK 1.00 0.72 1.17 0.564 0.24 L4l 0.8] 0.00 0.00 0.00 (0.3428)
1966-70  QBS. 21 Lo B 0 2 0 2 0 0 0.0145
EXP. 9.27 5.08 .21 LA 1.91 1.10 59 0,16 0.05 .06 0.4042
OBS. REL. RISK 1.00 1.08 0. 0.00 0.87 0.00 3.12 0,00 0.00 .00 (1.0000)
1971-95  0BS. aa 13 13 a 2 3 3 1 ] o 0.2408
EXP. 17.57 9.64 17 2.7 d.42 1.93 01 G.29 0.08 0.10 0.4775
0BS5S, REL. RISK 1.00 I.82 1.87 0.97 1.18 2.10 1.3¢ 4.73 0.00 0.00 CO.5038)
1976-R0  ORS. a8 14 B 5 5 2 4 1] 0 -0, LEST
EXF. 1B.43 2.18 2.25 2.94 4.66 1.87 1-08 0.28 0.08 0.11 0.0878
0BS. REL. RISK 1.00 1.02 2.61 1.88 0.64 2.38 0.00 0.00 0.00 0.00 (0.4543)
1981-85 085, a9 15 1 2 4 ] 3 ] 0 0 0.6054
EXP. 16.82 4.67 2.27 2.87 3.80 1.496 1.01 0.30 0.10 0.0 0.6188
OBS. REL. RLSK 1.00 0.81 0.93 L.51 1.48 1.72 3.33 0.00 04 0.o0 (0_2836)
|983-85 DBS. 24 10 5 | 2 3 2 1 L1} 0 ] 0.1774
EXP:: 10.30 G.04 1.41 | 2.35 I.18 0.58 017 0.0b 0,03 0.53386
0BS. REL. RISK 1.00 0.85 0.73 (] 1.32 15 1.77 0.00 D.00 0.00 (0.7773)
FITTED RELATIVE RISK AT 1 GRAY 0.8942 £ 0.]182 ¢ P-YALUE: 0.5270 )

DOSE RESPONSE MODIFICATION SCORE TESTS

DOSE RESPONSE MODIFIER VARIABLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX{MALE VS. FEMALE) il F:0 0.4806 i N.5
SEX(MALE VS. FEMALE} ABSOLUTE Ml Fi0 0.5130 =) N.5
ACE ATB (UNDER 20 VS. 20+) <2021 Z0+:0 0.0694 B3 K.S
CITY (HIROSHIMA VS. NAGASAK]D Bl N 0.8430 (+3 N.S
LOGLINEAR IN TIME SINCE 18G0 TZLI860:T-1960 T<1860:0 0.23853 {42 K.S
LOGLINEAR IN TEME SINCE 1970 TZ1870:T-1970  T<1870:0 0.3926 =2 .S
KON LINEALITY IN DOSE RESPONSE Dxx2 0.2001 =) N.5

T



RERF TR 5-88

2.13  CANCERS OF TIIE DIGESTIVE ORGANS OTHER THAN AT2-6 THROUGIH AT2-12
1F#2-6 5 2-12 25 EN TRV AEH

HIROSHIMA + NAGASAK], MALES + FEMALES,

ALL AGES NTH

SITELDED WERMA DOSE IN GRAY EXCESS R.R
FOLLORUP TOTAL PER  GRAY
INTERVAL BEATIS 0 .01- Lo .to- .20~ .50~ 1.0- 2.0+ 3.0~ ¢, 0+  STD.ERROR
.05 .08 19 .49 .19 .89  2.93  3.99 (#-YALUED
1950-85 0BS, 8l an 21 5 7 8 8 2 | 1 il 0.3226
TOTAL  EXP. 45.94 19.75  4.60  5.81 7.5  4.13 2,08 0.57  0.1§  0.23  0.355)
0BS. REL. RISK 1.00 1.27 1.30 |42 1.27 1.74 111 z.08 7.6l 0.00  (0.269%)
FITTED REL. RISK 1.00 1.0l 1.0z 1.0§ 1.10 1,22 1.43 1.77  2.04  2.83
1950-55  OBS. 19 7 5 2 | 3 1 0 0 0 0 -0.1839
EXP. 8.83  4.70 0.9 1,28 1.62  0.88  0.50  0.13  0.04 0.06  0.1109
0BS. REL. RISK L.00 1.3  B.62 0.88 2.8 1.43  0.00  0.00  ©0.00  0.00 {0.5777)
1056-60  OES. 11 3 4 1 0 1 0 0 I o 04547
EXP. 4,82 68 0,78 0.9% 1.23 .BF  0.29  ©.08  0.02  0.08 L.42l
0BS. REL. RISK 100 2,04 1.86  0.00 1,17 2.18  ©0.00  0.00  B3.F) 0,00 {0.2387)
1981-65  0BS. 17 4y 4 l 2 I 0 v D -0.1777
EXP. 7.59 27 0.95 1.18 .56 0,85  0.43 0.1 0.0z 0.04  0.1081
OBS. REL. RISK 1,00  0.73  0.89 .43 0.54 0.00 .00 o 0.00  0.00 (0.4201)
196570 ORBS. 12 8 a I 0 2 0 0 0 1102
EXP. 5.23  2.90 0.8 0.92 (.12 0.66  0.33  Dp.1e 0.03  0.03 1,404
0BS. REL, RISK 1.00 .80 2.55 0,00  3.10 B 6.00  0.00  0.00  0.00  (0.3029)
1971-756 DES. R ¢ 2 0 3 0 ] o 0 | 0.5051
EXP. .36 1.93  0.53 .85 0,79 0.8 0.2 0.05 0.0z  0.0Z 1.272
UBS. REL. RISK 1.00 L.74 o.00  7.76 0.00  0.00 7. 0,00  0.00  0.00 (0.B8318)
1976-80  DUS. 7 3 z 0 0 0 I 1 0 D 0 0.9979
P 2,95 (.73 043 0.52  0.70 038 0,20 0.06  0.02  0.02 1.728
OBS. KEL, R1SK 1.00 1,14 ©.00 0.00  0.00 273 4.827  0.00  0.00  0.00 (0,3884)
198185 0BS. 7 3 ! 0 1 ! o 1 0 ] 1.688
EXP. 3.67 1,58 0.81 0.39  0.54 0,28  0.21 0.04 .01 0.0z 2.314
0BS. REL. RISK 1.00 g0 0.00 3.7  2.27 0,00  0.00 30.30  0.00  0.00  (0.2073)
1983-85 OBS. 5 1 1 0 l 1 0 0 1 0 4.587
EXP . 2.78 1.07  ©0.28  0.27 ©0.34 0.9 0.1 0.03 0.0l 0.02 5,484
0B5. REL. RISK 1,00  2.54  0.00  J0.13  8.04  0.00  0.00  87.95 0.00  0.00 {0.0793)
FITTED RELATIVE RISK AT 1 CRAY @ 1.3226 % 0.3551 ( P-VALUE: 0.2859 }
UOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESHONSE WODLFIER VARTADLE P-VALUE SIGY OF SCORE DISCRIPTION OF
RATLATION EFFECT
SEX(HALE ¥S. FEMALE) Wil FiD 0OIB1E (-3 N.S
SEX(MALE ¥5. FEMALE) ARSOLUTE Wil Fi0 0.1930 () N.§
AGE ATB (UNDER 20 ¥S. 20+) <2001 2010 0.903) (-} N.S
CITE (HIROSHIMA ¥S. NAGASAKID Wl N:D 0.B546 (+) H.$
LOGLINEAR [N TIME SINGE 1860 TZ1860:T-1960 T<1960:0 0.2077 () N.S
LOCLINEAR I8 TIME SINCE 1970 TZ1070:T-1870 Tel870:0 0.168% (+) N.S
NON LINEALITY IN DOSE RESPONSE e 0.R085 (5] .S
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2-14 CANCERS OF THE RESPIRATORY SYSTEM

HIROSHIMA + NAGASAKI,

Rl £

MALES + FEMALES,

ALL AGES ATE

SHIELDED KERMA DOSE IN CRAY EXCESS R.R
FOLLOWUP TOTAL FER  GRAY
INTERVAL DEATHS ] .01~ .06~ o 0= 20> .50~ L= 2.0~ a.0- 4.0+ STN.ERROR
.05 .08 .19 48 .89 1.59 2.499 3,94 (P-VALUED
1950-8%  OBS. 147 298 175 50 52 " 45 31 12 3 4 0.4004
TOTAL EXP. d46.60 172.05 41.51 53.035 EG.24 37.20 20.98 5,48 1.66 2.35 D.12086
0BS. REL. RISK 1.00 1.18 1.40 1.14 .35 141 1.72 2,81 2.10 1.88 (0.0001%
FITTED REL. RISK L.00 1.01 1.03 1.08 L.j2 L. 27 1.54 1.85 2.29 d.02
1950-55 OBS. 24 B g K] H 4 0 0 {1 0 b -0.1844
EXP. 13,06 B.41 1.64 2.10 -B7 1.43 0.78 .19 0.08 n.10 0.0741
OBS. REL. RISK 1.00 1.55 2.1 T.13 1,78 0.00 0.00 o.00 0.00 0.00 (0.3149)
1856-60 0BS. 42 1B 8 2 3 4 5 1 ] 1 1.354
EXP. 20,30 9.66 2.12 .1 d.48 1.94 1.22 0.28 0.08 0.14 0.8346
0BS. REL. RISK 1.00 1.08 20 1.37 1.47 a_21 2.08 4.49 n.oo &_25 {0.0122)
1961-66 OBS. ai 24 &7 T if: 1 4 i} 1 o 0 0.3740
EXP. 35.22 19.68 5.08 B.47 a.13 4.73 2,68 0.62 .20 0.28 0.3420
0BS. REL. RISK 1.00 2.24 2.25 LaFT 2:21 1.38 4,79 2.63 0.00 .00 (0.2488)
19B8-70 OBS. 133 55 25 8 13 18 & § 3 0o 0 0.3852
EXF. 61.84 30.69 T.54 9.48 11.56 6.76 1,68 0.92 0.28 0.42 0.2850
OBS. REL. RISK 1.00 Q.82 1.20 1.56 1.56 1.43 1,54 3.67 0,00 a.00 {0.1389)
1971-75 OBS. 134 54 30 8 14 11 12 4 2 I 4 G707y
EXP. G4.26 31.79 T.76 10.23 12.24 7.97 3. 86 1.04 0.31 0.44 0.3351
0BS. REL. RISX 1.00 1.12 1.23 | .63 1.07 2.02 1.23 2.28 A.87 8.08 (0.0022)
1976-80  0OBS5. 160 63 37 12 [ 13 g 10 4 0 0 04382
EXP. 73.46  37.26 9.00 11.50 14,41 T.865 4.57 1.13 0.37 0.45 0.2703
ORS. REL. RISK 1.00 1.08 1.42 56 0.86 1.22 2.33 i.76 .00 0.00 (0.0557)
1981-85 O0BS. 157 69 33 10 T 18 T [ 1 2 a 0.0743
EXP. 74,47 36.07 B.41 10.58 13.75 7.37 a1 13T .36 0.51 01895
0BS. REL. RISK 1.00 | I B 1.28 0.71 1.4l 1.03 1.00 0.93 5.92 o.on (0_BROLY
1983-85 OBS. g1 RE] 24 B 9 10 i 1 1 0 0 o.0lo08
EXP. 43,77 21.2% 5.01 6.33 8.29 4.45 0.71 0.21 0.29 0.22303
0BS. REL. RISK 1.00 1.27 1.34 0.88 1,35 1.01 [ 1.58 o.00 0.00 £1.00007
FITIED RELATIVE RISK AT | GRAY 1.4004 * 0.1206 ¢ P-VALUE: 0.0001 »
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIABLE P-YALUE SICR OF SCORE DISCRIPTLON OF
RADIATION EFFECT
SEX(MALE V5. FEMALE) Ml F:0 0.0504 (=) K.S
SEX{MALE V8. FEMALE} ABSOLUTE Ml F:0 0.8195 (- K.§
AGE ATE (UNDER 20 ¥5. 20+) <20:1 20+:0 0.2196 {+) N.§
CITY CHIROSHIMA ¥5. NAGASAKI) n: N:D 0.7438 (- N.5
LOGLINEAR IN TIHE SINCE L3960 T=1900:T-1960 T=1960:0 0.4438 L= N.§
LOGLINEAR IN TIHE SINCE 1870 TZI470:T-1970 T<1970:0 0.3488 {-3 N.§
KON LINEALLTY [N DOSE RESPONSE Drz? 0.1531 e N.S
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2-15 CANCER OF THE LUNG

[T

WIROSHINA + NACASARL, MALES + FEMALES, ALL ACES ATH

RERIF TR 5-88

SHIELDED KERMA DOSE [N GRAY EXCESS R.R
FOLLOWUP TOTAL PER  GERAY
INTERVAL DEATHS 0 01- DB - 0= J2D- 50- f.p- 2.0- 3,0 4.0+  STD.ERROR
5 04 .19 .43 99 1.89 et 3.99 (P-VALLE}
1950-85 OBS. F38 253 151 2 40 58 38 28 1 ! 3 0.4B05
TUTAL EXP. 296,84 146.84 95.37 45.21 §B.45 31,81 17.14 4.57 1.42 2.0l 0.1364
0BS. REL. RIS 1.00 1.21 1.39 | .04 1.41 .41 1.910 2.83 2.48 .76 (0.0000)
FITTED REL. RISK 1.00 1.0l .03 1.08 114 1,31 1.62 2,10 2,41 3.53
1950-55  0US, 16 5 6 2 2 1 0 0 0 0 0 -0. 1838
EXP. T.45 3,81 0.84 1,12 1.43 0.7 0.40 0,10 0,03 0.08 0.1153
DBS. REL. RISK 1.00 2.34 3.54 BB 1.04 0.00 0. o0 0.00 0.00 0,00  {D.4463)
1956-60  08S. 28 14 3 1 | 3 4 I 1 il 0 00441
Exp. 13,50 5.a7 1.44 1.88 31 Ll 0.84 0.20 0.07 0.1l 0.8420
OBS. REL. RISK .00 0.4§ 0,67 0,52 1.25 2.85 114 4.8 0.00 0.00  (0.1482)
|961-85 OBS. B 14 22 1 6 8 3 6 I i} 0.5774
FXP. 30.88  15.B0 4,086 5.23 6.53 K g 2.08 .49 6.15 0.223 0.443
OBS. REL. RISH 1.00 2.28 1.60 | .88 | .49 .28 4.75 .42 0.0 0.00  (0.12B1)
|065-70 OBS, 114 47 2] T 10 15 i § 3 il il 0.5235
EXP: 53.56  26.28 B 7.480 g.78 5,72 4,10 0.78 0.22 0,34 0.3007
0BS. REL. RISK .60 n.91 |26 1. 44 1.75 .20 1,84 1.9 0.00 0.00  {0.0736)
1871-75 0BS. 115 13 16 B 10 10 10 3 1 | 3 0.7208
EXP. 53,21 26.28 B.42 .47 10,10 5,083 3.20 0.85 0.26 0,38 0.3755
08S. REL. RISK 1.00 |.22 1.54 1.48 1.23 2.12 .18 |44 4.7% 10,19 {0.0039)
1976-80  OUS. 150 [ a5 12 i ] 9 10 4 0 0 0.5626
EXP . 68.95 34,80 4.45 10,78  13.53 7.35 4,20 .07 0.35 0.43 0.3026
08S. REL. RISK .00 1.13 1.6] D.53 1.08 1.38 2.89 4.2 0,00 0.00  {0.0232)
198 1-85 0AS. 146 B4 ag ] 5 18 & i I 2 i 0.1048
LXP. 89.39 93.40 1,84 8.86 12.78 .85 4.494 1.07 0.34 n.47 0.2051
OBS. REL. RISH 1.00 1,23 11 .58 1.53 .45 | .08 1.01 6,47 0,00 {(0.5717)
1883-85  OBS. BE ai 23 4 4 10 i ] 1 il o 0.0742
FXP. 40,86 19.54 4.67 5.90 7.69 413 2.42 0.65 0.20 0.27 0. 2564
OBS. REL. RISX 1.00 1.32 0.96 0.75 1.48 1.08 1,85 1.73 0.00 0.00  {0.75(8)
FITTED RELATIVE RISK AT 1 GRAY : 1.4B05 % 0.1d64 { P-¥ALUE: 0.0000 3
DOSE RESPONSE MOOIFICATION SCORE TESTS
DOSE RESPONSE MODIFIGR VARIABLE F=VALUE SIGN OF SCORE BISCRIPTION OF
RADIATION EFFECT
SEX{MALE VS. FEMALE) o | F:0 0.0576 G K.S
SEN{MALE ¥5. FEMALE)} ABSOLUTE Wiy Fig 0.8404 (€] N.5
AGE ATOD CUNDER 20 V5. 20+) €201 20410 0.1188 (+) N.S
CITY (HIROSHIMA V5. NAGASAKL) 108 41 0.5207 $=3} N.S
LOCLINEAR IN TIME SINCE 1960 TZ1960:T-1980 T<1860:0 0.4717 C=d W.S
LOGLINEAR 1N TIME SINCE 1870 TZ1970:T-1970  T<1870:0 0.3454 &=y N.S
NON LINEALITY [N DOSE RESPONSE prex 0.1115 (=) H.S
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RERF TR 5-88

2-16 CANCER OF TIIE FEMALE BREAST
s
ITROSHIMA + NAGASAKI, FEMALES, ALL AGES ATE
SHIELDED KERMA DOSE [N GRAY EXCESS R.R
FOLLORLP TOTAL PER  GRAY
INTERVAL DEATHS a L01- -0B- 0= 20~ .50~ 1.0- 2.0- 3.0- 4.0+ STD.ERROR
.08 .04 Pk | .49 .99 1.93 2.99 3.499 (P-VALUE)
1950-85 0BS. 155 57 38 5 o 14 15 9 2 g 2 1004
TOTAL EXP. BG6.73 39.88 8.49 11.40 14.34 8.13 3.86 1.33 0,43 0.40 U ave9
0BS. REL. RISK L.00 1.1¢ 0.69 1.03 1.14 2.18 2.71 L.76 .41 5.81 {n.oo0l)
FITTED REL. RISK 1.00 L.02 1.a7 1.14 1.31 1.68 2.35 3.349 4,24 £.07
1950-55 O0BS. 15 4 (] 1 2 0 2 o 0 o 0 -0, 1640
EXP. .53 3.86 077 1.03 1.34 0.75 0.38 0.12 03 0.04 0.3232
O0BS. REL. RISK 1.00 2.48 2.11 2:89 oo 4.04 0.00 0.00 0.00 0.00 €0.7280)
1856-60 088, 16 il 0 1 1 3 o 0 0 0 0.0128
EXP, . TH 4,14 0.87 1.25 1.66 0.85 0.39 0.12 0.03 0.04 0.5925
0BS. REL., RISK .00 0.36 0.00 0.80 49 2.88 0.090 0.00 0.00 0.00 (100000
1961-65 O0BS. 28 12 4 e 1 2 2 0 0 1] 0.2323
EXP. 11.98 7.3% 1.53 2.07 2. 6B 1.40 0.66 0.22 0.05 0.07 0.078¢
OBS. REL. RISX 1.00 Lot 0.00 0.48 0.7% 1.43 3.01 b.00 0.an 0.00 (0.6T14)
L366-70 0RS. a2 § 4 ] 1 5 1 2 1 | 1 4.029
EXP. 8.52 5.58 L.20 ] 2.03 LuL® D.38 0.19 0.0E .06 2.392
0BS. REL. RISK 1.00 1.37 L.58 .19 4.69 1.62 B.B1 9.81 29.62 I4.12 (0.0002)
L371-75 (8BS 21 a 7 2 0 § 2 0 0 o 0 -0, 1622
EXP. 9.07 5.30 l.18 1.58 1.81 .14 0.54 0.18 0.07 0.0R 0.21886
0B5S. REL. RISK 1.00 1.33 .70 0.00 0.53 1.6 o.oo (1] 0.040 0.00 {0.4930)
1076-00  0BS. 26 8 4 1 a ] 1 b 1 o i 1.864
EXP. 11.01 6.68 146 1.95 2.43 1.40 0.68 0.25 0.10 0.0d 1.291
O0B5. REL. RISK 1.00 0.82 0.94 2.12 2.84 0.98 4.2l .61 0.00 18.08 C0.0077)
1981-85 (8BS, a7 1o 7 ] 2 L] 4 4 (] 1 (1 1.552
EXP. I1.84 BE.87 1.47 1.80 2.43 1.41 0.08 0.24 0.039 0.07 L.110
ORS. REL. RISK 1.00 1.21 0.040 1.25 0.00 3.38 5.25 0.00 13.03 0.00 (n.o218)
1983-85 0BS. 14 5 i 1] 1 0 2 1 ] 1 0 .59
EXF. .10 1,64 0.77 .88 1.28 0.70 0.33 0.12 t.05 0.04 1.57d
085. REL. RISK 1.00 1,04 0.00 1.23 0.00 3.47 3.E8 0.00 24 08 0.00 (0.07189)
FITTED RELATIVE RISK AT | GRAY @ 2.0038 + 0.3769 { P-YALUE: 0.000] )
D0SE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIABLE P-VALUE SIGN OF SCORE DISCRIFTION OF
RADIATION EFFECT
SEX{MALE VS. FEMALE) Ak% N (X} NOT APPLICABLE
SEX{MALE VS. FEMALE) ARSOLUTE LRSI | (X} NOT APFLICABLE
AGE ATE (UNDER 20 V5. Z0+} <2031 20+:0 0.1014 {+) N.§
CITY CHIROSHIMA ¥S. NAGASAKIL) n:il K:0 0.5054 £= N.§
LOGLINEAR LN TIME SINCE 19B0 TZ1860:T-1960 T<1860:0 0.1898 L N.§
LOGLINEAR [N TEME SINCE 1870 TZ1970:7-1970 T<1970:0 0.4270 {+) N.S
KON LINEALITY [N DOSE RESPONSE LR 0.7872 =3 N.5
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2-17 CANCERS OF TIIE CERVIX UTERI AND UTERUS

T R OF e A

RERF TR 5-88

HIROSHIMA + MAGASAK], FEMALES, ALL AGES ATE
SHIELDED KERMA LOSE [N GRAY EXCESS R.H
FOLLORUP TOTAL PER  GRAY
INTERVAL DEATHS 0 JOl- 06 .10- .20- .50- 1.0 2.0 3.0- 4.0+  STD.ERROR
.08 .04 .11 .48 .99 1.99 2.89 3.3 {P-VALUE)
1950-85  O(S. 32 142 106 a2 az 3z 18 1o [ 2 U, 2206
T0TAL EXD . 161.87 94.08 21.48 293.32 38.48 20.02 8,14 2,89 0.75 0.87 D.1544
085. REL. RISK 1.00 .22 1.10 1.24 .00 1.02 | .28 2.29 3 2.61  {(0.0755)
FITTED REL. RISK 1.600 1.00 1.02 1.03 1.07 .15 l.30 1.53 1.71 2.1
1950-65 0BS. ] I8 26 4 B B [ 2 2 i 1 1.024
EXP. 28,60 18.20 3.7% 5.15 B.42 3.54 1.57 0.48 0.12 0.16 0.6043
0BS. REL. RISK 1.00 3.02 2.26 1.87 3.58 2.70 85 00 13.04  {0.00140)
1966-60 0BS5S, 55 28 12 5 L 1 2 1 0 0 -0.0148
EXP, 23.53 14.4E 3.01 413 5.1 2.82 1,26 0.40 10 0.13 0.3122
OBS. REL. RISK 1.00 0.70 1.40 o 0.81 0.30 KE| 2.08 0.00 0. (1.0000)
1961-65 DBS. a4 10 14 | B 3 ] il 0 -0.1172
EXP. 16.23  10.18 2.24 3.08 3.90 2.04 0.91 0.28 0.05 0.08 0.2840
DBS. REL. RISY 1.00 2.23 0.72 3.18 1.25 7.09 0.00 0.00 0.00 0.00  (0.7773)
I966B-70 OBS. 54 20 14 8 4 2 il 0. 1665
EXF. 22.25  13.80 3.14 .34 F.41 2.83 1.34 0.45 0.11 0.12 0.0448
0BS. REL. RISK 1.00 lae 2,85 1.03 1 0.76 0.00 0.00 0.00  {0.2435)
1971-75  ODES. (3 25 16 T 4 2 il | 0 0.1483
EXP. 27.66  16.83 3.54 4,73 5.77 3.29 1.57 0.54 0.12 0.18 0.3442
0BS. REL. RISK | .00 1.08 £.19 .40 0.77 0.67 Z:12 0.00 .28 i (0.6171)
1976-80 0RS. 52 25 1 i 7] ] I I L 0 I 0.2101
EXP. 21,76 18.28 2,19 [P 5.18 2.81 1.26 0.41 0.12 0.12 0.4005
D85, REL. RISH 1.00 0.66 1.8 0.63 88 0. Y 2001 0.00 7013 {D.84563)
1981-85 0BS. 49 20 K 1 4 4 1 2 [ 0 D, 5685
EXP. 20.75  12.55 2,79 3.76 4.69 2.50 |.23 0.41 0.13 0.10 0.5474
0BS. REL. RISK 1.00 1.16 0,37 1.10 0.88 0.40 1.83 E ) 7.98 0.00 {0.1213)
1963-85 00S. a7 14 ] 1 4 | 1 b 1 i 0.5259
EXP. 15,48 0.48 .18 2.82 3.81 1.97 0.94 0.30 0.10 0.07 0.Gl45
06S. KEL. RISK 1.00 1.51 0.51 1.51 0.00 0.58 1.17 7.37 1D.B3 0.00  (D.1REH)
FITTED RELATIVE RISK AT | GRAY 1.2206 + 0.1544 ( P-VALUE: 0.0755 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIABLE P-VALUE SICN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(MALE V5. FEHALE) XK N (%) NOT APPLICABLE
SEX(MALE ¥S. FEMALE) ABSOLUTE KXk M (%) NOT APPLICAEBLE
AGE ATE (UNDER 20 VS. 20+) <2011 20+:0 0.2637 (<) N.5
CITY (HIROSHIMA ¥S. NAGASAKI) il W:o 0.9405 (=) N.§
LOGCLIKEAR [N TIME SINCE 1980 TZ1960:T-1960 T<l960:0 0.9651 (£5] N.§
LOGLINEAR IN TEIME SINCE 1870 T2I970:T-1870 T<1870:0 0.3688 () H.§
NON LINEALITY IN DOSE RESPONSE Dx22 0.3867 (€3] N.S
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RERF TR 5-88

2-18  CANCER OF THE CERVIX UTERI

FE R

HIROSHIMA + RAGASAKI, FEMALES, ALL AGES ATD

SUIELDED KERMA DOSE I[N GRAY EXCESS R.R
FOLLOWUP TOTAL PER GRAY
INTERVAL DEATIS 0 L0t- .06~ - 10- .20- -50- | 2.0- 3.0- 4.0+ STOD.ERROR
05 .04 .19 .48 .98 1.85 2.598 3.88 (P-VALUE?
1860-85 0BS. a0 35 18 (] B 10 B 3 | 1 ] D.a262
TOTAL EXP. 39.82 23,86 4.71 6.22 7.8 4.48 2.18 0.73 0.18 0.22 0.3681
0BS. REL. RISK 1.00 0.87 2.42 1.10 I.46 1.54 .56 1.56 §5.490 0.00 {0.1728)
FITTED REL. RISK 1.00 1.0l 1.03 1.08 1.13 .28 .57 2.01 2.38 3.15
1950-55 OBS, I 1 ] i} i | 2 [} 0 ] 1] 1.015
EXF. 4.59 2.85 0.63 0.88 1.10 0.54 0.24 0.07 0.02 0.03 1.533
0BS. REL. RISK 1.00 6.45 b.00 15.69 4,17 1548 0.00 0.00 .00 0,00 {0.4830)
1956-60 OQBS. 10 ] 2 1 0 o 1 L 0 a 1 0.7283
EXP. 1.E68 2.17% b.48 0.58 0.74 0.44 0.22 0.08 0.02 0.n2 I.354
085. REL. RISK 1.a0 0.68 1.94 0.00 0.00 2.13 4.23 0.00 .00 G.00 {0.4884)
1961-65 OBS. 10 b 2 (1] I 1 1 0 0 ] -0.0372
EXP. 4.83 2.18 0.44 5 0.72 0.40 0.21 0.08 0.01 002 0.7600
OBS. REL. RISX 1.00 0.70 0.0 1.77 F.34 2.39 0.00 0.00 0.00 0.00 {1.0000)
1966-70 0BS. 15 4 il 4 1 0 a ] ] -0.1648
EXP. B.51 i.68 080 a 1.36 0.78 0.38 0.13 0.03 0,03 0.2583
0BS. REL. RISK 1.00 2.10 B.14 ] 1.20 0.00 0.00 0 0.00 0.0o (0.4751)
1971-75 0BS. 15 4 Bl 1 0 1 | Y 0 i 0.6735
EXP. B.64 4.01] 0.7% 0.393 I.1B 0.72 0.38 [ i1 0.03 0,04 L.osg
0BS. FEL. RISK 1.00 0.85 1,61 0.00 4 1.58 3.02 o .00 0.00 {0.4795)
1976-80 0BS. 15 & 1 4 0 0 l 0 0 0.0525
EXP. E.B2 3.89 n.7a 1.08 1.3 0.75 0.38 0.13 004 0.04 D.56G28
0BS. REL. RISK .00 0.28 5,65 0 2.51 0.00 2.80 0.00 0.00 0,00 {0.8876)
1961-85 O0BS. 14 i ! 0 | 1 0 1 | i |.266
EXP. 5.77 3.53 0.83 1.12 1.33 0.78 0.37 0.13 0.05 0.03 =111
0BS. REL. RISK 1.00 0.20 0,00 5 0.52 0.92 0.00 5.61 15.38 n.oo (D.0864)
1983-85 O0BS. 12 7 1 a 1 1 0 1 1 0 L.385
EXF. .01 .02 .70 0.94 1.18 0.68 0.32 0.10 0.04 .08 [.578
0BS. REL. RISK 1.00 0.24 0.00 0.76 o 1.08 o.ob G.84 17.69 0.00 (D.0765)
FITTED RELATIVE RISK AT 1 GRAY © |.4282 £ 0.3B68) { P-YALUE: ©0.1728 )
DOSE RESPONSE MODLFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIABLE P-VALUE SIGH OF SCORE DISCRIFTION OF
RADIATION EFFECT
SEXCHMALE VS. FEMALE) ¥iE N (X) NOT APPLICABLE
SEXC(MALE ¥S. FEMALE) ABSOLUTE LR S (X} NOT APPLICABLE
AGE ATB (UNDER 20 VS. 20«) <2051 20410 0.2592 L= h.5
CITY CHIROSHIMA ¥S. NAGASAKID 0ot N:D 0.3431 L=y N.8
LOGLINEAR IN TIME SINCE 1860 TZ1960:T-1960 T<1960:0 0.5127 (+) N.5
LOGLINEAR IN TIME SINCE 1970 T=1970:T-1970 T<1870:0 0.2489 (+2 N.S
KON LINEALITY IN DOSE RESPONSE [LEE 0.4230 £=2 N.5
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2-19 CANCER OFF THE OVARY

RERF TR 5-88

o 45
NIROSHIMA + NAGASAXI, FEMALES, ALL AGES ATHE
SHIELDED XERMA DOSE IN GRAY EXCESS R.R
FOLLORUP TOTAL PER GRAY
INTERVAL DEATHS o Sl L06- 0= .20- L50- 1:0= 2.0- 3.0- 4.04 STD.ERROR
.08 .08 .14 .41 .59 198 2.98 3.9% (P-VALUE}
1850-85 ORS. i 31 18 1 i L1 i1 L3 1 I 0 0.80498
TOTAL EXP. 34,32 21.18 §.63 G.42 7.085 4.38 2.03 0.6Y 0.22 0.19 0.4780
0B5. REL. RISK I.00 0.94 0,24 1.18 1.563 J52 2.2 1.60 .03 0.00 (0.0288)
FITTED REL. RISK 1.00 1.02 1,06 1.11 1.25 I.58 201 2.83 .62 5.08
1950-65 0BS. B 3 1 1 | i} 0 | o i} o 0.9683
EXP . 2.65 1.63 n.32 il 0.52 0,28 0.13 0,04 0.01 0.01 2.053
0BS. REL. RISK 1.00 Q.64 0.00 2,18 0.00 0.00 6_.75 0.00 0.00 0.00 (0.4839)
1956-60 0QBS. ¥: i 2 1} I 1] 4] 0 L] 0 01777
EXP. 3.04 1,86 0.38 0.51 0.6% 0.35 0.15 004 .01 0.0l 0.3538
0BS. KREL. RISK 1.00 b.B2 0.00 1.50 LU Ri] a.on 0.00 0.900 0.00 .00 {0.5802}
1861-B5 OBS. 12 i b 0 1] l 0 0 o 1] -0.179E
EXP. .04 3.03 0.64 0.98 1.15 0.66 0.33 0,12 .03 0.03 0.2511
0BS. REL. RI1SK 1.00 2,07 0.00 n.0d B 2.58 0.00 0.00 0.00 0.00 (D.7518)
1966-70 QBS. 13 5 2 0 | 2 2 L] 1 0 a 1712
EXP 5.30 3.37 0.77 .07 [.31 0.70 0.32 o1l 0.03 0.03 1,711
0B5: REL. RISK 1.00 0.63 0.00 .93 |-62 3.03 .00 8.6 0.00 .00 (D.1285)
9= BBE. 11 5 U] 0 1 I & 2 o ] o 2.681
EXF. 4.45 z.78 0.6 0.91 1.10 0.63 n.29 .yl 0.04 D.03d 2.461
0BS5S, REL. RISK 1.00 0.00 0.00 0.98 .81 2.8¢4 B.12 0.00 0,00 0.00 {D.0547)
1876-R0  DBS. 17 5 B 2 0 1 2 [t} ] 0 1.326
EXE. T 4.4k 0.4979 .33 1.69 Q.90 0.42 0.14 0.04 0.05 1.312
DBS. REL. RISK 1.00 1.80 Q.00 2.11 0.00 1.56 k.68 0.00 41.68 0.00 {0.0773)
l981-85 0BS. 15 B 2 L 2 ] o 0 0 -0.1807
EXP. B.84 .0z Q.89 1.24 1.52 0.886 6.39 D.1% 0.08 0.03 0.2364
0BS. REL. RISK 1.00 .57 b 27 1.84 a.758 n.o0o 0.00 .0 o.o0 0.00 (0.B46E)
1983-85 0BS. T 4 1 L} 1 a o 1] (1] i} -0.1871
EXE. 2.98 1.73 0.40 0.54 -Ba 0.39 0,18 0.08 0.03 0.02 0.248%
0BS. REL. RISK l.00 0.43 1.88 0o 1.10 0,00 0.00 0.00 .00 0.00 {0.5839)
FITTED RELATIVE RISK AT 1 GRAY |.8088 * 0.478] { P-YALUE: 0.0286 )
DOSE RESPONSE MODIFICATION SCORE TESTS
IOSE RESPONSE HODIFLER VARIABLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX{MALE ¥S. FEMALE) XXX N {X) NOT APPLICAHLE
SEX{MALE VS. FEMALE) ABSOLUTE X¥X N {X) NOT APPLICABLE
AGE ATH CUNDER 20 V5. 20+) <2001 20+:D 0.8088 (+) N.§
CITY (HIROSHIMA VS. HAGASAKI) Hil N:D 0.0687 (+} N.S5
LOGLINEAR IN TIME SINCE 1980 T=Z1960:T-1960 T<1960:0 0.5914 (+) K.§
LOGLINEAR IN TIME SINCE 1870 T=1870:7-1970 Te<l870:0 0.9825 (-} N.§
NON LINEALITY IN DOSE RESPONSE Dxx2 0.28900 (=7 N.S
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RERF TR 5-88

2-20 CANCER OF THE PROSTATE

AT S Wk 445
WIROSHIMA + NAGASAK!, MALES, ALL AGES ATE
SHIELDED KERMA DOSE IN GEAY EXCESS R.R
FOLLOWUP TOTAL PER  GRAY
INTERVAL DEATHS ] L01- 0B~ - 26~ 50~ 1.0 £.0- 3.0- 4.0+ STD.ERROR
.05 .08 .19 .43 .99 1.99 2.99 3.99 (P-VALUE}
18950-85 OBS. 52 an 8 3 5 1 2 2 0 1 il 0.0487
TOTAL EXP. 25,37 10.98 2.80 3.8 4.35 2.51 1.64 0.33 0.11 n.18 0.4128
0BS. REL. RISK 1.00 0.62 0.88 1.1B 0.19 0.87 1.03 0.00 7.91 0. (D.BB25)
FITTED REL. RISK 1.00 1.00 1.00 .01 1.02 1.03 1.07 L) Z 1.18 1.25
1950-55 OBS. 2 [} 1 1 0 0 0 0 0 0 0 -0, 1871
EXP. 0.83 D.45 0.4 0.16 o.zo 0.12 0.07 0.02 0.01 0.01 0. 1481
0BS. REL. RISK 5Ky L34 KRN £ ($8] (38 [B ] ARK FE RS xny (0.74013
1956-60 OBS. 2 1 L 0 o 0 il i i 0 -0, 1804
EXP. 1.08 0.41 0.10 0.11 0.15 0.08 0.08 0.01 0.00 0.01 0.0575
0BS. REL. RISK 1.00 2. 51 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00  (0.7401)
1861 -85 ORS. i 5 L [} 0 0 0 i 0 0 0 0.2140
ENP. 2,52 .43 0.36 0.44 0.569 0.34 0.22 0.04 0.02 0.03 1.088
0BS. REL. RISK | .00 0.47 0.00 0.00 0,00 0.00 5.28 D.00 0.00 0.00  {0.B0GS)
1966-T0 005, 4 4 0 0 il 0 0 i 1] 0 =0, 1788
EXP. | .86 0.29 0.24 0.29 0.34 0.21 0.13 0.0 0.01 0.01 0.2412
0BS. REL. RISH .00 0.00 0.00 0.00 0.0 0.00 0. 0.00 0.00 0.00 (0.6242)
1871-75 0BS. 10 1 2 | 3 0 0 0 0 0 -0, 1747
EXP. 4.83 0 0.57 0.71 0.82 0.51 0.32 0.07 0.02 0.04 0.1218
0BS. REL. RISK 1.00 1.15 .11 5 0.00 0.00 0.00 o.o00 0.00 0.00 {0.5220)
1976-80 OBS. il (] 1 i 0 1 2 0 0 1 0 2.001
EXP. 5.B5 2,28 0.57 0.74 0.47 0.38 0.06 0.02 0.03 2.097
OBS. REL. RISK 1.00 0.41 0.0o 0.00 1.11 4.00 0.00 0.00 5.87 0.00 (0.0741)
1981-85 OBS. 16 10 2 1 2 0 0 L 0 0 =0,1547
EXP. 7.82 334 0.93 1.18 1.45 0.78 0.49 0.10 0.03 0.06 0. 1848
0BS. REL. RISK 1.00 0.48 0.82 1.28 04 0.0l |55 0.00 0.00 0.00 {0.G101)
1983-85 O0BS. 13 ki 2 | 0 1 ] ] 0 -0, 1560
ENP. 6.13 2.71 74 1a 1.22 0.64 0.40 0.08 0.02 0.05 0.2388
0BS. REL. RI1SK 1.00 0.B5 1.19 1.75 0.00 0.00 2.21 0.00 0.00 0.00  (0.7401}
FITTED RELATIVE RISK AT 1 GRAY : 1.0487 % 0.3528 { F-YALUE: D0.8625 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIABLE P-VALUE S1GN OF SCORE ULSCELPTION OF
RADTATION EFFECT
SEXC(HALE VS. FEMALE) KAk ON (X) NOT APPLICABLE
SEXCMALE VS. FEHALE) ABSOLUTE KNE N (%) NOT APPLICABLE
ACE ATE (UNDER 20 VS. 20+) <2011 20+:0 0.6968 - N.§
CITY CHIRDSHIMA VS. NAGASAKD) Wil N:O 0.8077 {+3 N §
LOGLINEAR IN TIME SINCE 1960 TZI860:T-1960 T<l1960:0 0.5858 {+} N.§
LOGLINEAR [N TINE SINCE 1970 T21970:T-1970 T<1870:0 0.6038 (+3 N.S
NON LINEALITY IN DOSE RESPONSE PEEPA 0.7032 {+3 N.-S
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2-21 CANCER OF THE URINARY TRACT
DR S
WIROSHIMA = NAGASAKI, MALES + FEMALES, ALL AGES ATE
SHIELDED KERMA DOSE [N GRAY EACESS R.R
FoLLomaup TOTAL FER  GREAY
INTERVAL DEATHS 0 .01- 0B Jlo- L20- J50- 1.0~ 2.0- 3.0- 4.0+  STD.ERROR
.05 .08 .19 .49 .91 1.89 2.99 .99 (P-VALUE}
|950-85 OBS. 133 (k] 30 B 2 4 13 8 4 1 1.019
TOTAL EXP. 58.39  31.26 7.88  10.01 12.48 .97 3.70 1.00 0.0 0.40 0.1088
0BS. REL. RISK | .00 .16 0.92 0,498 1.35 2.24 2.50 4.84 0.00 2.98  (0.0004)
FITTED REL. RISK .00 1.02 1.07 .14 1.32 1.68 2.47 §.42 4.239 B.l4
1950-55 00§ a 2 kl 0 1 | 1 0 0 0 -0. 1846
EXP, 3.27 1.83 0.54 0.66 0.85 0.48 0.25 0.08 0.02 0.0a 0.1104
0BS. REL. RISK 1.00 2.68 0.00 2.48 1.83 3.37 0.00 0.00 0.00 p.no (0.7518)
1956-60 ORBS. 11 5 4 0 1 0 0 1 i i} -0.1779
E1E. 4.43 2,44 0.77 0.92 1.14 0.E68 0.37 0.10 0.0a 0.04 0.2021
0BS. REL. RISK I.00 1.47 0.00 0.97 oo 0.00 2.42 0.00 0.00 0.00  {0.7184)
1981-B5 O0BS. 25 1 4 4 2 | 2 1 il 0 -0.0302
EXT. 10,86 5.07 1.45 1.83 2.43 1.34 0.63 D.18 0.04 0.07 0.4282
0BS. REL. RISK 1.00 2,08 4.27 1.61 0.64 2.31 2.48 0.00 0.00 0.00  (D.9204)
1966-70 DBS. L7 B 1 0 L 1 2 ] 1 1 4,724
EXP. 7.48 1.66 | .08 |37 1.62 1.02 051 0.14 0.06 0.06 3.127
0B85, REL. RISE 1.00 0.3 0.00 0.91 0.717 2.44 9,81 8.60 0.00 20.45  (0.0001)
1871-75 OBS. 28 15 6 L 2 a 1 i} 0 0 -0, 1666
EXP. (0 6.77 .57 1.88 2.8 1.37 0.71 0.4 0.0 0.08 0.0342
0BS. REL. RISX 1.00 0.78 0.54 85 1.03 0.62 0.00 0.00 0.00 0.00 {0.3323)
1976-80 OBS. 19 4 4 1 0 g ] 1 o 2.850
EXP. 8.15 4.48 1.21 1.53 .86 0.99 0.54 0.15 0.05 0.0s 1.994
0BS. REL. RISK 1.00 | .82 1.68 0.00 5.449 §.27 3.17 0.00 0.00 0.00 {0.0383)
1981-45 O0RS. 25 10 4 i 1 3 3 1 3 il 2.870
EXP. 11.96 6.02 1.26 1.58 2.1l 1.07 0.89 0.18 0.05 0.07 | -G48
0B5. REL. RISK .00 0.74 0.00 0,78 1.70 3.35 1.7 20.40 0.00 0.00 {0.0020)
19R3-85 OHS. 17 7 3 0 2 2 0 2 i 2.145
EXP. #.25 4.08 o.87 0z 1.42 ] 0.46 o.11 0.02 0.05 1.743
0RS. REL. RISK 1.00 0.87 0.00 1.15 1.66 a.a8 .00 20.70 o o.00  {0.0291)
FITTED RELATIVE RISKE AT 1 GRAY 2.0187 £ D.4088 { P-YALUE: 0.0004 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARTABLE P-VALUE SI1GN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(MALE VS. FEMALED Mil  F:I0 0.9171 (-} N.§
SEX(MALE vS. FEMALE) ARSOLUTE M:l  F:0 0._28AE6 {+}) .5
AGE ATB (UNDER 20 V5. 20+) <2071 20+:0 0.2068 {4 N.§
CITY CHIROSHIMA V5. NAGASAKI) H:l  W:D 0.4748 (=} N.5
LOGLINEAR [N TIME SINCE 1880 TZ1860:T-1960 T<1960:0 0.0456 {+) 1960+ s -1980
LOGLENEAR IN TIME SINCE 1970 TZ1970:7-1970 T=<1970:0 0.l232 (+) M.5
NON LINEALITY IN DOSE RESPONSE Dex2 0._2824 -3 .5
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2-22  MALIGNANT LYMPIHOMA

LAk I
HIROSHIMA + NAGASAKI, MALES + FEMALES, ALL AGES ATH
SHIELDED KERMA DOSE [N GRAY EXCESS R.R
FOLLORUP TOTAL PER  GRAY
INTERVAL DEATHS 0 Ol- L0B- L0 .20- .50~ 1.0 2.0- 3.0- 4.0+ STD.ERROR
05 .08 .18 48 .99 1.98 2.949 3.99 {P-VALUEY
1850-85 0BS. 1o 63 16 B 7 L0 3 a 0 0 -0, 0476
TOTAL EXP. 53.22  26.09 5.57 B.89 B.71 5.09 2.96 0.85 0.24 0.48 0, 1808
DBS. REL. RISK l.00 0.52 0.41 0,86 0.7 0.50 0.BE |89 0.00 0.00 {0.ADRS)
FITTED REL. RISK |00 I.00 1.00 0.89 0.9% 0.97 0.914 0.819 0,85 0.76
1950-55 0BS. B 5 1 0 0 1 0 il | il il 0.5619
EXP. 3.65 1.81 0.45 0.57 n.72 0.43 0.29 0.07 0.03 0.0% | .68
0BS. REL. RISK .00 0.40 0.00 0.00 1.02 0.00 0.00  10.50 0.00 0.00  (D.a624)
1956-60 0BS. B 4 2 0 bl 0 (1] 0 0 il i -0. 1824
EXP. 4.02 2.06 0.35 0.43 0.57 0.33 0.18 0.0% 0.00 0.0z D161
0BS. REL. RISK 1.00 0.88 0.00 4.70 0.00 0.00 0.00 0.00 0.00 0.00  {0.BI1O1}
1961-65 0BS. 10 5 a 0 il 0 0 | | il il 1032
EXP. 4.85 2.45 0.50 n.59 0.786 D.44 0.27 0,02 0.04 1.456
UBS. REL. RISK 1.00 1.19 0.00 n.00 0.00 0.00 .58  12.48 0.00 o.00 {0.21763
1966-70  0BS. 23 13 3 1 1 i) | 1 0 il -0.0087
EXP. 11.51 5.51 1.11 1.32 1.T1 1.00 0.58 0.15 0.04 0.08 0.4510
0%, REL. RIS 1.00 0.48 0,80 0.87 1.58 0.83 .53 0 0.00 0.00 {1.0000}
1971-75  00§. 19 9 2 3 2 1 2 0 0 0 ~0.1645
EXP. 3.52 §.38 1.10 1.45 1.Rg .81 0.51 0.15 0.04 0.06 0.1854
UBS. REL. RISH 1.00 0.144 2,51 32 0.57 1,93 0.00 0.00 .00 (0.6033)
1976-80  0AS. 22 14 ] 1 1 3 0 0 0 0 il -0, 1660
EXP. 10,81 5.05 1.15 1.35 1.89 1.01 0.60 0,20 0,08 0.08 0.1241
0BS. REL. RISH 1.00 0.46 0.57 0.57 LB 0.00 0.00 0.00 0.00 0.00  {0.3771)
1961-85 OHS. 20 13 ] 1 1 2 0 1 0 i} 0 -0, 1568
EXP. 8.75 {.03 0.91 1.18 1.58 0.88 58 0.18 0.U6 0.0B 0,0557
0BS. REL. RISK 1.00 0.31 0.62 63 0.495 0.00 1.29 0.00 0,00 0.00 (0.BZ42)
1983-85 0BS. 12 B 1 1 1 2 0 1 0 i [ 0. | 280
EXP. 5.63 2:77 0.59 84 1.04 0.58 0.32 0.10 0.04 0.03 0.7284
DB5. REL. RISK 1.00 0,34 1.58 .12 LT 0.00 2.89 a.00 0.00 0.00  (0.8%15)
FITTED RELATIVE RISK AT | GRAY @ 0.0524 £ 0.1808 ( P-VALWE: 0.8085 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIABLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RADLATION EFFECT
SEN(HALE V5. FEMALE) Wil FiD 0.6710 () N.§
SEX(MALE ¥5. FEMALE) ARSOLUTE Kl Fi0 0.7045 {-} N.5
AGE ATE (UNDER 20 V5. 20+) <2071 20450 0.2043 (-} H.5
CITY (HIROSIIMA V&, NAGASAKL) [T S 0.2824 {=3 N.§
LOGLIKEAR I8 TIME SINCE |9BD TZ1860:T-1860 T<1960:0 0.1555 () H.S
LUGLIKEAR 1§ TIME SINCE 1370 TZ1870:T-1970 T<1870:0 0.2071 (+) N.§
NON LINEALITY LN DOSE RESPONSE Drzz 0.6172 (- N.5
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2-23  MULTIPLE MYELOMA
% B i DR

WIROSHIMA + NAGASAKI, MALES + FEMALES, ALL AGES ATB

SUIELDED KERMA DOSE [N GRAY EXCESS R.R
FOLLORUP TOTAL PER  GRAY
INTERYAL DEATHS ] S0l- LO6- L10- +20- .B0- 1.0- 240- 3.0- 4.0+ STD.ERROR
.05 .04 <18 -4 .84 1.99 2.99 3.09 {P-VALVE)
1950-85 085. 36 13 | 1 0 I 2 | 0 1 2 1.861
TOTAL EXP. 17,34 8,73 1.76 2.31 2.97 1.81 0.86 0.24 0.08 0.09 1.11B
OBS. REL. RISE 1.0o 1.38 0.78 0.00 3.15 .64 [-65 .00 22.00 28 .64 (0.00192}
FITTED REL. RISK 1.00 1.04 1,13 1.26 .58 2.27 3.4 643 1.01 10.40
1060-55 ORS. 1 4} ] 0 ] | 0 0 (] 0 0 24.33
EXE. 0.37 0.27 0.07 0.99 0.11 0.06 0.03 G.01 0.00 0.00 A6, 47
0BS. REL. RISK iR 1E% K XX AR £Xx LB jo ¢S LAY E3.34 (0.3148)
|956-60 DBS. 2 0 | [} 0 ] i} 0 0 | 0 T.424
EXP. 0.84 0.56 g.10 0.13 0.16 0.08 0.0% 0.02 0.00 .01 13,63
0BS. REL. RISK AxX F351 xHy KEK L4 LR ES Xy AKX XK L33 (0.0513)
1961-65 0OBS. 2 0 2 0 0 1] 0 ] 0 ] 0 =0.1737
EXP. 0.96 0.55 0.10 o1l 016 0.08 0.04 0.01 0.00 0.00 0.6382
0B5. KEL. RISK X BEK X AN XEX iRX P54 1S 44 HX L8 {0.7913)
196B-T0 OBS. 2 0 1 1 o 0 0 a 0 0 U -0. 1806
Exl, 0.80 0. 44 0.13 .19 0.22 nD.13 0.07 0.02 0.01 0.0l 0.3074
0BS. REL. RISK KEX LES L84 XN XK bR iR 1989 (3 &) LS {0.7401)
1971-75  0BS. B a 2 1] ] ] 0 0 0 o 1 1.442
EXFP. 2. 08 1.486 0.30 0.37 0.48 0.28 0.12 .03 0.00 0.02 2,443
OBS. REL. RISK I.00 1.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 86,78 (0.1198)
1976-680 OBS. 7 3 0 0 l 1 1 0 0 ] 4.318
EXM. 4.05 1.68 0.25 0.27 0.37 6.22 0.17 0.03 0.00 0.02 4,480
OBS. EEL. RILSK 1.00 0.83 0.00 0.00 3.64 6.00 7.04 0.00 0.00 0.00 (0.0807)
1981-85 OBS. 1] 7 2 0 ] ] 1 0 1] 0 | 1.4039
EXP. 7.32 3.83 0.83 1.15 1.47 g 0.40 0.12 0.04 0.04 1.383
0RS. REL. RISK 1.00 0.55 0.00 0.0 3.87 1.2 0.00 0.00 0.00 24.25 (0.0880)
1983-85 0BS. 9 4 ] 0 a il | n 0 0 1 3.249
EXP. 4.08 2.0% 0.50 0,69 0,87 0.47 0.21 0.06 6.02 0.03 3.170
0BS, REL. RISK .00 0.00 0.00 0.00 3.20 2,18 0.00 0.00 0.00 38,238 (0.0312)
FITTED RELATIVE RISK AT | GRAY © 2.8B10 % 1.1138 { P-YALUE: 0.0018 )
DOSE RESPONSE MUDIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARTABLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(MALE VS, FEMALED Mot F:0 0.3179 («) N.§
SEX(MALE VS. FEMALE) ABSOLUTE Ml Fi0 0.R1B1 {0 N.§
AGE ATE (UNDER 20 V5. 20-) <20:] £0+:0 O.60Aa7 £ N.5
CITY (NIRDSHIMA ¥5. NAGASAKI) 0l L] 0.6807 {+) N.§
LOGLIKEAR IN TIME SINCE 1980 TEI86D:T-1960 T<1960:0 0.6640 E=d N.5
LOGLTNEAR IN TIME SINCE 1870 TZU1970:T-1970 T<1970:0 0.8581 (-2 §.S
NON LINEALITY IN DOSE RESPONSE Des2 G.2503 {2 N.5
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2-24 CANCERS OTHER THAN THOSE OF AT2-5 TIIROUGII AT2-23
FE2-3n62-225Ehd 70O

HIRDSHIMA + NAGASAK], MALES + FEMALES,

ALL AGES ATEH

SHIELDED KERMA DOSE [N GRAY EXCESS R.R
FoLLomuPp TOTAL PER  GRAY
INTERVAL DEATUS o - .0B- .10~ .20~ .50- 1.0- 2.0- 3.0- 4.0+  STID.ERROR
.05 .09 v .49 .98 1.99 2,89 3.85 (P-YALUE)
1950-85 0BS. ag7 429 162 84 [ik] g1 52 41 15 4 0 0.14970
TOTAL EXP. 420.58 217.40 49.33 B2.07 TE.T4  43.72 23.89 6.58 1.83 2.76 0.0935
OBS. REL. RISK 1.00 0.85 0.87 0.99 1.01 117 1.27 2.28 2.04 0.00 (0.0264)
FITTED REL. RISX 1.00 .00 .01 1.03 106 1.13 1.26 1.47 1.64 L..54
1950-55 0BS. 101 52 24 4 [} £ ] 2 I 2 0 0.1904
EXF, 47.14 24.87 5.27 .74 B.ED 4,83 2.59 0.64 0.20 0.31 0.2850
OBS. REL. RISX 1.00 0.88 0.89 0.54 0.63 113 0.70 1.42 B.98 0.00  (0.4028)
1956-60 OBS. 128 70 22 ] A 8 B 1 3 1 0 0.0503
ExP. b Th 5 I e | 6.71 8.58 10.87 B.15 3.39 0.87 0.23 0.40 0.2117
OBS. REL. RISX 1.00 0.60 .14 0.79 0.63 0.83 0.25 2,94 3.84 0.00  (0.7913)
1961-65 O0BS. 1z 5l 22 5 7 15 B [] 2 0 0 0.1973
EKP. 50.59  26.68 6.33 8.07 l10.12 5.78 3.09 0.78 0.21 0.34 0.2668
0BS. REL. RISK 1.00 0.82 0.78 0.86 1.47 1.03 1.28 2.53 0.00 0.00  (D.4424)
1906-70 0BS. 42 13 20 4 7 14 2 2 1] 0 0 -0. 166G
EXP. ¥4.29 gl.28 4.88 B.02 7.60 4.4 2.41 0.64 0.110 0.30 0.0208
UBS. REL. RISK 1.040 0.97 0.84 1.20 1.490 0.47 0.85 0.00 0.00 0.00  (0.2835)
1971-76 OBS, 123 57 24 5 B 8 B 8 3 1 0 0.7888
EXP. S57T.71  28.EE E.B9 8.5 10.53 5,04 3.21 0.93 o.27 0.38 0.3798
0BS. REL. RISK 1.00 0.85 0.76 0.70 0.71 1.87 2.52 3.28 3.71 0.00  (0.0056)
1976-80 OBS. 164 75 38 8 13 1 ki 6 3 0 0 0.0700
EXP. 4:58 39LES .30 11.48  14.64 8T 4.39 1.28 0.38 0.48 0.1872
0BS. REL. RISK 1.00 0.98 0.86 1.13 0.75 bl 1.36 .34 0.0¢ 0.00  (0.G985)
1981-85 0BS. 187 81 a1 9 18 13 12 B 3 0 0 0.3050
EXP. B6.71 45.23 10.16 12.54 16.38 8.73 4.81 1.44 D.44 0.55 0.2265
0BS. REL. RISK 1.00 0,88 .85 I.54 1.24 1.47 1.178 2,28 0.00 0.00 (0.1B81)
1983-85 DBS. 116 55 25 B 9 g ] B 2 1] 0 0.1728
EXP. 55.56 £7.80 6.0Y 7.35 8271 5.18 2,493 0.89 0.27 0.35 0.2532
DB5. REL. RISK 1.00 0.01 1.00 .24 0.83 0.78 2.07 2.27 0.00 0.00  {(0.4839)
FITTED RELATIVE RISK AT 1 GRAY 1.1970 = 0.0935 { P-VALUE: 0.0264 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIALLE P-YALUE SIGN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX{MALE VS. FEMALE} Ml Fi0 0.4794 =) N.S
SEX{MALE VS. FEMALE) ABRSOLUTE M:l  Fio 0.6587 (+} N.§
AGE ATB (UNDER 20 ¥5. 20+ <20:) 20410 0.5229 (+) N.S
CITY (HIRDSHIMA VS. NAGASAKI) il HiO 0.8803 () N.5
LOGLINEAR N TIME SINCE 960 TZ1960:T-1960 T<1a60:0 0.4786 {+} N.S
LOGLINEAR IN TIME SINCE 1970 TZ1870:T-1970 T<lg970:0 0.5191 {+) N.S
HOK LINEALITY [N DOSE RESPONSE Dax? 0.0335 (-2 QUADRATIC TERM 15

SIGNIFLICANT
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2-25 CANCER OF THE LIVER INCLUDING NOT SPECIFIED AS PRIMARY
s &Gt v b O e J D AR
HIROSHI#A + NAGASAKL, WALES + FEMALES, ALL NGES ATR
SHIELDED XERMA ODSE 1N LRAY EXCESS R.R
FOLLOTUP TOTAL PER GRAY
INTERVAL DEATHS il Ol- .06~ RLE .20- 50~ 1.0- 2.0- 3.0- 4.0+  STD.ERROR
.08 .08 w8 .49 .89 1.9 2.94 3.919 (P-VALUE)
1950-85 OHS. 590 278 122 a0 24 51 34 21 12 2 1 0.2410
TOTAL EXP. 274.91 188.52  82.43 40,92  S1.51 28.46 16.08 448 .34 1.91 0.1183
0B5. REL. RISK .00 0.87 0,91 0,98 D.88 .18 1,28 2.63 .42 0.52  {0,0210)
FITTED REL. RISH 1.00 1.00 1,02 1.03 1.07 1.18 B 1.57 1.78 2.22
1950-55  OHS. 56 36 17 i 2 ) 2 2 1 I 0 0.0999
EXP. a1.82  15.78 9.28 4.18 5.33 3.00 .75 41 0.14 0.21 03141
OBS. REL. RISK 1.00 0.86 0.8l 0.42 0.34 0.54 L. 2.1% 6.56 0.00  (0.6ROLD
1956-60  ORS. 74 34 15 i 2 4 5 0 i 0 0.1054
EXP. 34.50 17.B5 3.88 5.01 5.28 .58 1.89 0.51 013 0.25 0.2952
OBS. REL. RISK 1.00 0.74 1.98 0,35 0.5 .23 0.00 5.15 0.00 0.00 {0.6892)
I961-65 OBS. 6O 28 1§ 4 3 4 5 L i 0 0 -0.1762
EXF. 27.88 14,24 3.28 4.l0 5-19 2.88 1.63 0.40 0.11 0.19 0.076E
0BS. REL. RISK 1.00 1.08 1.20 T W17 1.87 0,61 0.00 0.00 0.00  (D.4130)
1966-70 UES. 54 28 10 3 2 I Z 0 0 | 0.2757
E4P. 25.32 12,00 2.83 a.5 444 2.50 1.47 0.39 0.12 010 0.30494
DBS. REL. RISK 1.00 0.84 .07 0.57 2.05 0,39 18 0.00 0.00 5.40 {0.3482)
|1871-75 DBS. 75 k1] 15 2 3 B 5 5 2 | 0 0.73G6
EXP. 35.70 16.8 4.04 5.25 6. 44 3,61 Z.00 0.58 o.18 0.26 0.4837
OBS. REL. RISK 1.00 0.88 0.49 0.57 0.92 1,37 2.48 3.42 5.57 0.00  (0.0303)
|976-80 0BS, 1065 il 22 T 13 q 5 B 3 i 0 0.4495
EXP. §7.50 25.28 B.15 7.87 16 5,23 2.94 0.87 0.28 0.31 0.3297
0BS. REL. RISK 1.00 1.0l 1.32 1.96 1.07 111 2.38 3.98 0.00 0.00  {0.1146)
1981-85 0BS. 155 12 28 5 14 17 1 5 3 0 0 0,1908
EXP. T1.10  36.33 £.95 10,57  14.07 T.44 4.29 1.31 0.43 0.5] 0.2186
0B5. REL. RISK | .00 0.76 0.55 1.d1 1.19 1.46 1.18 2.28 0.00 0.00  {0.48E5)
1083-85 ONS. 07 51 20 il 4 8 5 4 2 0 l 0.0969
Exr. 48.05 22,24 5,51 6.24 5.47 4_45 2.64 0.80 0.27 0,34 0.2425
DB5. REL., RISK 1.00 0.8l 0.49 D.58 0.85 1.01 1.37 2.25 0.00 00 (0.6628)
FITTED RELATIVE RISK AT | GRAY : 1.2410 % 0.1183 { P-VALUE: 0.0210 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MUDIFIER VARIADLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(MALE V8. FEMALE) Wil F:0 0.5847 () N.5
SEX(MALE VS. FEMALE} ABSOLUTE Ml F:iD 0.6036 {=3 N.5
AGE ATB (UNDER 20 ¥5, 20+ <2011 20+:0 0.7770 =) N.§
CITY CHIROSHINA V5. NAGASAKI) Wit N:D 0.6804 (=) .8
LOGLINENR IN TIKE SINCE 1950 T=1960:T-1960 T<1960:0 0.3800 () N.§
LOGLINEAR [N TIME SINCE 1870 TZ1870:1-1970 T<1870:0 0.5405 ) N.5
NON LINEALITY IN DOSE RESPONSE Drsl 0.2247 =) N.S§
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2-26  CANCER OF TIE KIDNEY

T I
WIRDSHIMA + NAGASAX1, MALES + FEMALES, ALL AGES ATR
SUTELDED KERMA DOSE |N GRAY EXCESS K .R
FOLLORUP TOTAL PER  GRAY
INTERVAL DEATHS (i L0l .08~ .10~ .20- .50- 1.0- 2.0- 3.0- 4.0+  STD.EFROR
08 .08 <1 .49 BT 1.99 2.99 3.90 (P-VALUE}
1950-85 OBS. as 17 7 2 [ 3 1 2 2 0 0 0.5829
TOTAL EXP. 17.18 4.80 2,18 2.86 1,58 1.83 1.01 0.30 0.08 0.12 0.5040
0BS. REL. RISK 1.00 0.80 0.92 ] 0,85 0.52 2.00 §.79 0.00 0.00 {0.1845)
FITTED REL. RISK I.00 .01 1.04 1.08 1.18 1.40 1.78 2.89 2.88 3.04
1950-55 0ES. 2 0 1 0 1 0 0 o 0 0 o ~0.1740
EXP. 0.80 0.48 0.13 0.18 0.22 0.12 0.0 0.02 0.00 0.0l 0. 5477
08S. REL. RISK XX $351 KEK KK KAX KEK KR A3 XHK RER (0.7913)
1956-60 00S. 1 1 o 0 0 ] 0 0 0 0 -0.1853
EXP. 0.349 6.25 0.01 0.039 b.12 0.08 0.02 0.00 0.00 0.00 a.1577
0HS. REL. RISK 1.00 0.00 0.00 0.00 0 0.00 0.00 0.00 b33 0.00 {0.R231)
1961-65 OHS. q a 2 1 1 1 0 ] 0 0 i 0.3506
ENP. 3.79 13 0.55 0.75 0. 0.50 0.24 0.07 0.01 0.03 |. 068
DOS. REL. RISK 1.00 1.18 2.29 1.59 1.37 0.00 5.25 0.00 0.00 0.00  {0,7083)
1986-70  0BS. 4 2 0 0 0 0 0 1 1 0 1 3.513
EXP. 1.70 .85 0,21 b.33 0.39 0.25 0.13 0.04 0.02 0.02 4.879
08S. REL. RISK 1.00 0.00 0.00 .00 0.00 0.00 6.57 19.139 0.00 0.00  (0.0525)
1971-75 OBS. 9 s 2 0 1 1 0 0 0 0 0 -0.1758
EXP. 3.g2 2.08 0.55 0.77 0.91 0.51 0.25 0.08 0.02 0,02 0. 1134
0BS. REL. RISK 1.00 0.74 0.00 0.99 0.84 0.00 0.00 0.60 0.00 0.00  (0.5378)
1976-80 0BS. 3 1 1 1 0 0 0 0 0 0 0 -0.1522
EXP. 1.50 0.53 D18 n.21 028 0.13 0.08 0.02 0.01 0.01 b.5410
08S. REL. RISK 1.00 2,48 .31 0.00 0.00 0.00 0.00 0.00 0.00 0,00 (0.7401)
1981-85 0BS. 10 5 1 [ 1 1 1 0 1 0 0 1.734
EXP. 5.15 2.41 .43 0.54 0. 0.31 0.23 0.07 0.02 0.03 i.988
0BS. REL. RISK 160 0.43 0.00 1.80 1.38 2.80 0.00  15.12 0.00 0,00  {0.1426)}
1983-85 0LS. 7 2 1 1 1 | 0 1 0 i 4.985
EXP. 3.58 1.72 0.32 0.37 0.53 0.25 0.15 0.04 0.01 0.02 5.082
OBS. REL. RISK 1.00 1.04 0.00 4.78 .37 7.0 0.00  40.B5 0.00 0.00 {0.0851)
FITTED RELATIVE RISK AT | GRAY @ 1.5829 % 0. G040 { F-VALUE: 0.1846 )
DOSE RESPONSE MODIFICATION SCURE TESTS
NOSE RESPONSE MODIFIER YARIABLE P-YALUE SIGH DF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(HALE ¥S. FEMALE) Hil FiD 0.3889 (-} N.S
SEX{MALE ¥S. FEMALE) ABSOLUTE Ml FID 0.6212 (-3 N.S
AGE ATE (UNDER 20 V5. 20+) <g0:1 20+:10 0.0028 (+) ATB <20 > ATB2Ds
CITY (HIROSHIMA VS. NAGASAKI) Hil  K:iD 0.7281 (=) N.s
LOGLINEAR IN TIME SINCE 1980 TZ1860:T-1960 T<1960:0 0.5810 () N.§
LOGLINEAR 1N TIME SINCE 870 TZ1870:T-1870 T<1970:0 0.7558 (+) N.§
HON LINEALITY IN DOSE RESPONSE Dax2 0.8773 (-} N.5
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227 CANCER OF TIIE BLADDER
I A

HIROSHIHA + NAGASAKI, MALES + FEMALES, ALL AGES ATH

SHIELDED KERMA LODSE N GRAY EXCESS R.R
FOLLORUP TATAL PER GRAY
INTERVAL UEATNS 0 TS .06~ BLE .20- J50- 1.0- 2.0- 3.0- 4.0+  STO.ERROR
.05 .08 219 s .99 1.89 2.94 3.48 (P-VALUE}
1950-85 0BS. 80 30 23 i 4 a 12 B | 0 1 1.134
TOTAL EXP. 39.57  21.18 5.43 F.B3 g8.48 4.82 2.56 0.66 0,21 0.27 0,5240
0BS. REL. RISK L.00 1.43 0.47 0.7 1.40 3.28 3.04 1.499 0.00 4.92  {0.0@27)
FITTED REL. RISK 1.00 1.0z 1.08 118 1.35 1.7 2.52 4.70 4.68 6.73
1950-55 OHS. 5 1 2 il 0 1 I 0 i 0 0 0.0B78
EXP. 2.05 1.14 0.34 0.41 0.51 0.30 0,16 0.04 0.0l 0.02 0.9955
0RS. REL. RISK 1.00 3.60 0.00 0.00 3.91 §.85 .00 0.00 0.00 p.o0  {0.9203)
1956-60  OBS, il 4 4 o 1 0 0 1 il i 0 -0. 1480
EXP. 4.10 2.18 0.70 0.84 1,02 0.E4 0.35 0.0g 0.03 0.04 0.3698
0BS. REL. RISK 1.00 1.87 0.00 l.22 0.00 0.00 2.41 0o 0.00 0.o00  {0,7813)
|961-65 DORS. 18 4 B i | 0 2 ] i} 0 0 -D.1784
EXP. T.08 3.31 0.490 I.18 1:51 0.B4 0.38 0.10 0.02 0.04 0.0230
0BS. REL. RISX 1.00 2.70 5.88 1.50 0.00 4.21 0.00 0.00 0.00 0.00 (0.BE28)
1966-70 0HS. 13 4 | o I 1 2 3 0 il | 5.174
EXP. 5.78 2.81 0.81 1.05 1.22 0.7 0.38 0.10 0.04 0.04 3.898
0BS. REL. RISK [ .00 0.51 0.00 1.38 1.18 378 11.44 0.00 0.00  33.61  {0.0008)
1971-75 OBS. 18 g 4 1 1 2 I il il 0 il -0.1623
EiP. B.43 441 0.99 1.18 1.58 0.84 0.43 011 0.03 .05 0.1953
ORS. REL. RISK 1.00 0.85 0.95 0.79 1.23 111 0.00 0.00 0.00 o.00  {0.5T77)
1976-80 0RS. 15 k] 3 0 0 4 4 ! 0 ] 0 3.908
EXP. 6.13 3.55 i.00 1.28 1.55 0.83 O.44 0,18 0.04 0.04 2.885
0BS. REL. RISK 1.00 LTz 0.00 0.00 527 9.80 4.59 0.00 0.00 0.00  €0.02042
1981-85 0BS. 13 5 a f 0 I 2 1 L 0 0 2.182
EXP. B.01 3.13 0,68 0.89 1.13 0.60 .38 0.09 0.02 0.04 1.884
0BS. REL. RISK 1.00 .15 0.00 0.00 .06 4.02 2.08  12.72 0.00 0,00 (D.0D516)
1983-85 OBS. a § 2 il 0 1 | o i 1] i} -0. 1BES
NP, 4,24 4,14 0.48 0.59 0.717 0.40 0.27 0.06 0.0l 0.03 0.2218
0B5. REL. RISK 1.00 0.19 0.00 0.00 1.08 2.15 0.00 0.00 0.0 0.00 (0.7642)
FITTED RELATIVE RISK AT 1| GRAY @ 2.1343 + 0.5E40 { P-VALUE: 0.0027 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFLER VARIABLE P-VALUE S|CHN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(MALE VS. FEMALE) Ml F:0 0.7891 (* N.§
SEXCMALE VS. FEMALE) ABSOLUTE [ ] 0.1583 () N.5
AGE ATB (UNDER 20 VS, 20+) <20i| 20+:0 0.7088 (-3 N.§
CITY (HIROSHIMA V5. NAGASAKI) n: o H:o D.3582 (-3 N.5
LOGLINEAR IN TIME SINCE 1950 TZI0G0:T-1860 T<1960:0 0.1308 (+} K.5
LOGLINEAR IN TIME SINCE 1970 T21970:7-1370 T<1970:0 0.2876 (+} k.5
NON LINEALITY IN DOSE RESPONSE Dxx2 0.8523 (-3 H.5
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2-28 CANCER OF TIHE TONGUI

A
HIROSHIHA + NAGASAKL, MALES + FEMALES, ALL AGES ATB
SHIELDED KERMA DOSE IN GRAY EXCESS R.R
FoLLOwupP TOTAL FEE CGRAY
INTERVAL DEATHS 0 01- L06- «10- .20~ .80~ L.0- 2.0- 4.0- 4.0 STU.ERROR
.05 .03 18 .49 .39 .99 2.499 1.09 (P-YALLED
1850-85 DES. 26 12 4 1 4 ] ] (1] a ] (1] -0, 1662
TOTAL EAP. 11.51 B.0% 1.47 2.01 2.43 1,38 0.73 0.21 0.08 0.07 0.1102
0BS. REL. RISK 1.00 0.63 0.65 1.91 1.97 0.00 0.00 Q.00 0.00 0.00 (0.4028)
FITTED REL. RISK 1.00 1.00 0.99 0.98 0.95 0.89 0.78 .60 0.46 0.16
1050-558 OBS. 1 0 I 0 0 0 0 0 ] 0 0 -0. 1528
EXF., 0.38 0.24 0.08 0.0 0.1l 0.06 0.03 0.0l 0.o0 000 0.3295
0BS. REL. RISK XK LB &1 bR X EEE KK LB 8 LES) RN TR (0.7513)
1966-60 OBS. B 4 1 ! 2 0 o 1] Q o -0.1823
EXP. .72 1.95 0.41 0.585 0.69 0.37 .22 0,06 0.02 0.03 0.22491
OBS. REL. RISK 1.00 .00 2.24 1.70 2.68 0.00 0.00 G.00 0.00 0.00 (0.6985)
I361-B5 D0BS. 1] 2 0 I I 0 1 0 o 0 -0, 1834
EXP. 1.98 .14 0.33 0.45 0.54 0.33 018 0.05 0.0z 0.01 0.1520
0B5. REL. RISK 1.00 LB 0.00 2.22 1.85 0.00 0.0 0.00 0.00 0.00 (0.6T14)
F966-T0 O0BS. 3 0 0 o 1 0 (1 1 ] 0 -0.1554
EXP. 1.18 0.74 .13 0.27 0.33 0.18 0.07 0.03 0.01 0.01 0.6672
0BS. REL. RISK 1.00 o.0d n.on 0.00 1.77 a 0.0o 0.00 0.00 0.00 {0.80B5)
1971-75 0BS. 3 0 0 1 ] a 0 0 o a -0 163
EXP. 1-43 0.62 0.15 0.23 0.26 a.16 0.10 0.03 0.0l 0.0l 0.4245
OBS. REL. RISK 1.00 0.00 0.00 3.08 0.00 0.00 0.00 0.00 0.00 0.00 (0.7184)
1976-80 O0BES. a 1 0 a 1 1 0 o 0 o 0 -0.0408
EXP. 1.45 D.E5 0.17 0.22 0.25 .18 ¢.o08 0.02 0.01 0.01 1.053
OB5. REL. RISX 1.00 0.00 o 6. B6 5,93 .00 0.oo0 0.oo n.00 0.00 €1.6000)
1981-85 O0BS. 3 1 2 0 0 ] 0 0 0 0 0 =0.1882
EXr. 1.386 0.76 0.16 .20 0.25 0:15 6.07 0.0z 0.01 0.0l 0.1827
OBS. REL. RISX 1.00 3.58 0.00 0.00 0.00 o.oo 0.00 0.00 6.00 0.00 (U.GROT)
1983-85 088, 1 1 0 ] g 0 1] a ] 0 o -0.1889
EXP. 0.43 0.23 0.06 0.08 0.10 006 0.03 0.01 G.01 0.00 0.6657
OBS. REL. RISX 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (0.7913)
FITTED RELATIVE RISK AT 1 GRAY © 0.8338 % 0.l102 { P-VALUE: 0.4028 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIABLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(MALE VS. FEMALE} Ml Fi0 0.8212 {+3 M-S
SER(MALE VS. FEMALE) ABSOLUTE Ml F:0 0.7188 {2 N.5
ACE ATE (UNDER 20 V5. 20+) <2001 EQ+l0 0_8267 (2 N.5
CITY (HIROSHIMA VS. NACASAKLD Hil Nl 0.7219 (+ N.5
LOGLINEAR IN TIME SINCE 1960 TZ1960:7-1960 T<]860:0 0.7084 (+2 N.S
LOGLIKEAR I8 TIME SINCE 1870 T=1870:T7-1970 T«[870:0 0.8174 (+ K.5
NON LINEALITY IN DOSE RESPONSE hxzd 0.5137 =) N.S
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2-29  CANCER OF TIE PITARYNX
i1 A

WIRDSH I HA + NAGASAKI, MALES + FEMALES, ALL AGES ATH

SHIELDED KERMA DOSE [N GRAY EXCESS R.R
FoLLORUP TOTAL PER  GRAY
INTERVAL DEATHS 0 .ol L06- L10- .20 .50~ I.0- 2.0- 3.0- 4.0+ STOD.ERROR
.08 .03 .19 -40 .83 1.84 2.99 3.413 (P=VALUE)
1950-85 00S. 23 13 4 I 1 I i) 0 ] 0 0 -0, 1678
TOTAL Exp. 11.53 5.21 1.18 1.04 1.7 1.04 0.64 0,18 0.04 0.08 0. 1440
0BS. REL. RISK 1.40 0,58 0.75 0.66 0.50 2.50 0.00 G.00 0.00 0.00 (0.6033)
FITTED REL. RISK 1.00 1.00 b.99 0.98 0.95 0.85 0.78 0.60 0.46 I
1950-55 0OBS. | 1] | U] o 0 0 0 ] 1] 0 -0, 14861
EXP. 0.57 o A4 0,03 0.04 0.04 .02 0.02 0.00 0.00 0.00 2.021
ogs. REL. RISK AN XEx KR Xnx XXX LR 8] £3¥ KX XX XHX (0.9203)
1956-F0 OBS. 2 2 0 0 0 0 L] b 0 1] 0 -0. 1854
EXP. 0.81 0.47 0.14 0.17 0.22 0.12 t.06 0.01 0.00 0.0l 0.0325
0BS. REL. RISKE 1.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0,040 n.a0 {0.7184)
i961-65 DBS. 4 2 | o a | 0 0 0 0 ] -0.178T
EXP. 1.40 0.80 0.23 0.29 0.38 0.23 0.138 0.03 0.0t 0.02 . 1E40
0BS. REL. RISK 1.00 1,19 0.00 0,00 2.68 0.00 0.00 0.00 0.00 0.00 (0.B985)
1966-70  0BS. 4 3 1 U} 0 o 0 ] 0 0 0 -0.17T64
ExP. 2.38 0.73 .15 0.14 0.24 0.14 0.01 0.02 G.00 0.02 0,4052
DBS. REL. RISH .00 0.99 0,00 .00 G.o0 0.00 0.00 0,00 0.00 .00 {0.68012
1971-7% 08S. 2 1 0 1} 1] ] 1 0 0 a 0 4,265
EXP. 1.05 0.45 t6.10 0.08 0.15 0.07 0.017 0.0l 0.40 0.00 8.543
0BS. REL. RISK 1.00 0.00 G.00 0.00 0.00 14.26 0.00 0.00 Q.00 b.00 {0.3348)
1976-80 DES. 3 4 o I a 0 2 0 Q [ 0 0.T714
ELT. 2.03 1.45 0.3 0.4l 0.53 0.31 0.13 0.05 0.02 6.02 1.584
0BS. REL. RISK |.00 0.00 2.23 .00 0.00 5.68 ¢.00 0.00 n.o0 0.00 (0.5902)
1981-85 OBS. 4 2 1 0 1 1] o 0 0 0 0 -0.1774
EXP. 221 0.95 0.16 0.18 0.24 0.13 0.09 .03 0.01 0.02 D.124%
0BS. REL. RISK 1.00 1.18 0.00 E.83 0.00 0.00 0.00 u. oo n.on 0.00 (0.6085)
1983-85 OHI. 4 2 1 0 i 0 0 1} '} 0 L} -0.1782
EXP. a.21 0.85 0.16 D.18 .24 0.13 0.08 n.03 0.01 0.02 0.0888
GBS, REL. RISK 1.00 1.18 g.o0 E.82 0.00 0.00 0.00 0.00 0.00 0.00 {0.7083)

FITTED RELATIVE RISK AT 1| GRAY @ D.8322 x 0.1440 { P-VALUE: 0.8033 }

O0SE RESFONSE MODIFICATION SCORE TESTS

NOSE RESPONSE MODIFIER VARIABLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RAOIATION EFFECT
SEX{MALE V5. FEMALE) Mil Fi0 0.5353 {+} H.5
SEX(HALE ¥S. FEMALE) ABSOLUTE Hil Fio 0.8016 (-) H.5
AGE ATD (UNDER 20 VS. 20<) <20:1 20+:D 0.68431 {-) N.S5
CITY {NIROSHIMA VS. NAGASAKI) H: N:0 06717 {+} N.5
LOGLINEAR IN TIME SINCE 10860 TZ1960:T-1960 T<1960:0 0.9975 L2y N.S
LOGLINEAR 1N TIME SIKCE 1570 TZ1870:T-1970 T<1870:0 0.9887 -3 N.S
NON LINEALITY [N DOSE RESPONSE Dxx2 0.5586 ) N.5
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2-30 CANCER OF THE NOSE

bt
HIROSHIMA + NAGASAKI, MALES + FEMALES, ALL AGES ATD
SHIELDED EERMA DOSE IH GRAY EXCESS R.R
FOLLORUP TOTAL PER CHAY
INTERVAL DEATHS 0 .ol L0B- LA0- .20~ 50 l.0- 2.0- 4.4- 4.0+  STO.ERROR
.05 .03 .18 .49 79 1.99 2.38 a.99 {P-VALUE}
1950-85 OBS. 44 15 13 3 6 3 3 1 0 n 0 -0, 1628
TOTAL EXP. 10.98  10.54 2.45 3.08 3.82 2.18 1.14 0.31 0.09 0.14 0.1406
0BS. REL. RISK 1.00 1.63 1.63 2.58 1.02 1.83 1.12 0.00 .00 0.00 (0.6777)
FITTED REL. RISK 1.00 1.00 0.99 0.98 0.85 0.89 0.78 0.61 0.47 0.18
1950-55 0BS. 6 ] 2 0 0 0 ] il ] o ! 0. 1854
EXP. 2.8 1.48 0.33 0.40 0.50 0.23 0.17 0.04 0.02 0.02 0.1682
0BS. BEL. RISK 1.00 0.92 0.00 0.00 0.00 0.00 0.00 n.no 0.00 0.00 (0.5G41)
1950-60 OBS. 8 2 4 0 i 1 0 ] i 0 0 -0. 1784
EXP. 3.85 1.94 0.37 0.49 .62 0,84 0.20 0.05 0.01 0.04 0.2412
0BS. REL. RISK 1.00 4.07 0.00 4.07 B.18 0.00 0.00 0.00 0.00 0.00  (0.63%0)
|961-B5 0BS. 1 ! 3 il 1 A 0 o ] 0 0 ~0.1722
EXP, 2.98 1.B7 0.43 0.55 0.70 0.40 0.20 0.05 0.02 0.02 0.3286
OBS. REL. RISK 1.00 5.31 6.90 5.35 4.25 0.00 0.00 0.00 0.00 0.00 (0.B4B8)
1966-70 UES. [ 3 0 1 1 0 1 [ o il a -0. 0060
EXP. 2.81 | .46 0.33 .89 0.51 0.28 0.14 0.04 0.01 0.02 0.8542
0BS. REL. RISK 1.00 0.00 2.81 2.38 0.00 3.41 0.00 0.00 0.00 0.00  (1.0000)
1971-75 085, 1o 1 2 0 3 i 2 1 0 il 0 3.484
EXP. 4.3 2.23 0.53 0.81 1.00 0.56 0.30 0.08 0.02 0.03 G160
0ES. REL. RISK |.00 3.80 0.00 IB.13 4,84  15.38  14.54 0.00 0.00 0.00 {0.0773)
1976-80 0BS. 4 2 0 i 1] 0 il o 0 0 -0.1820
EXP. | .68 .04 0.23 0.31 0.37 0.21 0.11 0.03 0.01 0.01 0.2415
085, REL. RISK .00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (0.G46i8)
1961-85  00S. 3 2 0 1 0 i} 0 0 0 0 0 -0. 1640
EXP. .48 0.82 0.12 0.15 0.22 8.10 0.08 0.02 0.00 0.01 0. 4879
DES. REL. RISK 1.00 0.00 5.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00  {0.7250)
1983-85 o00S. 2 1 0 1 il (1] 0 o 0 0 -0. 1565
ENP. 0.85 0.52 0.10 0.1 0.17 0.08 0.05 0.01 0.00 0.0l 0.7608
UBS. REL. RISK 1.00 0.00 5.91 0.0 0o 0.00 0.00 0,00 0.00 n.00  (0.7913)
FITTED RELATIVE RISK AT | GRAY 0.8372 + 0.1408 { P-VALUE: 0.5777 }
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VYARIABLE P-VALUE S1GN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX{MALE VS. FEMALE) Ml F:0 0.9238 (=3 N.§
SEN(MALE VS. FEMALE) ABSOLUTE M:1  Fi0 0.8335 (=) N.S
ACE ATE (UNDER 20 ¥§. 20+) <2011 20+:0 1.0000 (+) N.5
CITY CHIROSHIMA VS. NAGASAKIT) il N:O 0.5954 {+) N.§
LOGLINEAR LN TIHE SINCE 1980 T21960:T-1960 T<I8E0:0 0.8107 -3 W.§
LOGLINEAR [N TIMNE SINCE 1870 TZ1970:T-1970 T<i970:0 0.9925 (*) N.§
NON LINEALITY IN DDSE RESPONSE Dex? 0.5418 {-) N.5
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2-31 CANCER OF TIIE LARYNX

T

HIROSHIMA + NAGASAKL, MALES + FEMALES, ALL AGES ATE

RERF TR 5-88

SHIELDED EERMA DOSE IN GHAY EXCESS B.R
FOLLORUP TOTAL PER GRAY
INTERVAL DEATHS 0 01 .06~ 0= .20~ .50~ 1.0- 2.0- 3.0- 4.0+  STD.ERROR
U5 .09 18 .48 .98 1.99 2.39 3,88 (P-VALUE)
1950-85 0BS. 45 19 ] a 4 5 3 1 1 0 1 0.5114
TOTAL  EXP. 21.21  1D.20 2.63 3.34 414 2.4 1.44  0.32 011 0.15  0.5180
0BS. REL. RISY 1.00 0.84 1.27 1.34 1.35 1.40 0.77  3.52 0,00 T.48  (0.1B04)
FITTED REL. RISK 1.00 1.0 1,04 1.07 1.18 1.35 1.69 2.22 2.65  3.58
L950-55  OOS. 5 1 1 I 0 2 il 0 0 0 0 -0. 1782
E¥F. .07 ol | 0.34 0.41 0.51 0.31 0.18 0.04 0.02  0.02 U.2677
OBS. REL. RISK 1.00 1.87 B.03 0.00 .12 0.00 0.00  0.00 0.00 9.00 {0.7518)
1956-60  ORS, & 0 1 1 ! 0 | 1 0 0 1 14.37
EXF. 2,05 1.35 0.3l 0.42 0.5 0.28  0.17 0.04 .01 0.02 16.32
OBS. REL. RISK AN FE S LXK 23] e E 8 813 XK (34 LEE £0.0019)
1961-65  OBS, o 3 1 1 0 2 1 0 0 0 0.0337
EXP.. 3.91 i-74 0.44 0.51 0.6% 0.40 0.26 0. 06 p.02 0.03 0.7035
0BS. REL. RISK 1,00 0.75 2.96 0.00 4 323 0.00 0.00  0.00 0.00  ¢1.0000}
186E-70  DBS. 10 2 4 0 2 1 1 0 0 0 0 01612
EXP. 4.10 2.24 0.67 0.86 1.05 0.80 0.33  0.08 0.03 0.03  0.301
0BS. REL. RIS 1.00 3.61 0.00 4.76 1.85 3.4l o.00  0.00 0.00 0.00  (0.BI85)
1971-75  0BS. 1 7 2 0 1 0 0 0 1 o 0 0.2521
EXP. 5.20 2.48 0.5  0.78 0.42 0,54 0.28 0.08 0.02 0.04 0.8894
0BS. REL. RISK 160 0.80 0.00  0.48 §.00  0.00  0.00 9.91 0.00 0.00  (0.5547)
1976-80  0BS. 4 4 0 0 0 0 0 0 a -0.1823
E4Y. z.04 086 0.18 0.24 0.30 0.1§ 0.18 0.02 0.01 0.00 0.1458
085. REL. RISK 1.00 0.00 0.00 0.00  0.00  0.00 0.00  0.00 0 0.00  (D.G4BR)
1981-85 0BS. 2 2 0 0 0 0 0 0 0 0 0 -0.17517
EXAP. 0,89 0.47 0.08  0.12 0.117 0.0 0.05 0.02 0,00 0.01 0.402%
0BS. REL. RISE 1.00 6,00  0.00 0,00 0.00 9.00 0.00  0.00 0.00  0.00  (0.7401)
1983-85 OBS. 2 2 0 0 0 0 0 0 il 0 -0.17689
EXP. 0.98  0.47 0.00 0.1z 0.17 0.08 0.05 0.02  0.00 0.01 0.3791
0BS. REL. RISK 1.00  0.00 0.00 0.00 0.00 0.0 0.00  0.00 0.00  (0.7518)
FITTED RELATIVE RISK AT 1 GRAY @ 1.511%¢ £ 0.5180 ¢ P-VALUE: 0.1B04 )

DOSE RESPONSE HODIFICATION SCORE TESTS

DOSE RESPONSE MODIFIER VARLABLE P-¥ALVE S1GN OF SCORE DISCRIPTION OF

RADIATION EFFECT

SEN(MALE V5. FEMALE) Ml Fi0 0.1184 -3 .5

SEX(HALE V5. FEMALE) ABSOULUTE MiL  Fid 0.8538 (-3 N.S

AGE ATE (UNDER 20 VS, 20+) €20:1 20410 0.6708 (-} N.S

CITY CHIROSHIMA ¥S. NAGASAKL) [ . ) 0.5789 (=} N.S§

LUCLINEAMR 1N TIWE SINCE 1960 TZI960:T-1860 T<I13B0:0 0.0418 (=} 1960+ < -1960

LOGL INEAR [N TIWE SINCE 1970 TZ1970:1-1970 T<1870:0 0.1533 (-3 N.§

MON LINEALITY [N DOSE RESPONSE Dax2 0.5841 {+} N.5
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2-32  CANCER OF THE SKIN EXCEPT MELANOMA

HIROSHIMA + NACASARL,

HAENE L) o0 B A

MALES + FENALES,

ALL AGES ATE

SHIELDED KERMA DOSE IN GRAY EXCESS R.R
FOLLORUP TOTAL PER CEAY
INTERVAL DEATHS 0 L01- 0B~ L10- .20~ S50 1.0- 2.0- 3.0~ 4.0+  STD.ERROR

.05 .09 .13 .49 .88 | .89 2.68 4.88 {P-VALUE)
1950-85 OBS. 21 10 [ | o 2 L 0 Q 1 0 0.1743
TOTAL EXP. B.31 5.02 1.40 1.87 2.32 I .25 0.58 0.18 0.04 0.05 0.6125
0BS. REL. RISE 1.00 0.89 0.59 0.00 0.72 0.66 0.00 0.00 13.82 0.00 (D.BROIL)
FITIED REL. RISK 1.00 1.00 1.01 1.02 .05 1,12 1.23 1.41 1.58 1.68
1950-65 0OBS. 3 1 0 0 0 0 0 ] 0 0 -0, 1640
E%P. 1.20 0.74 0.20 0.25 0.33 0.18 0.07 0.02 0.00 0.01 0.2845
OBS. REL. RISK 1.00 0.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  (0.BTL4Y
|95 -BD  DRS. K] il 0 0 0 i i | 0 2.398
EXP. .7 D.74 0.20 0.27 0.33 0.18 n.08 0.02 0.00 0.01 4.500
0B5. REL. RISK 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 122.53 0.00  (0.1328)
1961-65 OBS, B 3 | 0 o g 0 0 0 0 0 -0.1178
EXP. 2.43 1+ 35 0.40 0.52 0.65 0,38 0.18 0.0% 0.01 0.02 0. 1488
0BS. REL. RISX 1.00 0.60 0.00 0.00 L 0.00 0.00 0.00 0.00 0.00  (0.BBYZ)
1966-70 OBS. 1 1 0 [ 0 0 il 0 0 0 il -0, 1884
EKP. 0,37 0.26 0.07 0.09 0.1l 0.06 0.03 0.01 0.00 0.00 0.8768
0BS. REL. RISK .00 0.00 0.00 0.00 0. 0.00 0.00 0.00 0.00 0.00  {0.7913)
1971-75  OLS. 4 2 1 0 0 ] 1 0 0 ] [l 0,038
ESP. |.55 0.95 0.28 0.3% 0.45 0.24 0.10 0.013 0.01 0.01 |.240
0BS. REL. RISK .00 0.7 0.00 0.00 0.00 3.2 0.00 0.00 0.00 0.00  (1.0000)
1976-80 00S. 3 0 2 1 ] 0 0 0 0 0 il -0, 1649
EXP. 1.18 0.72 0.21 0.27 0.33 0.18 0.08 0.02 0.0! 0.00 0,504
0BS. REL. RISH ¥ix KAk KXN i34 KXY EE 1§51 nx REA AN (0.7188)
198 (-85 OOS. l 0 I ft 0 il o 0 0 0 0 -D.1889
EdP. 0.40 0.24 0.08 0.09 0.11 0.08 0.03 0.01 0.00 0.0 D.60B1
0BS. REL. RISHK [§ 81 XXX NN KEN EA LR34 43 1y KXy NN {D.BOBS)
1983-85 OBS. 1 0 1 il ] o 0 o 0 0 0 -0. 1888
EXP. 0.40 0.24 0.08 0.08 0.11 0.0 0.03 0.01 0.00 0.00 D.1617
OBS. REL. RISK ($ 51 XXy KEY XK Xux X5 XX% XXX bR e KXy (0.80B5)
FITTED RELATIVE RISK AT 1 GRAY : 1.1743 & 0.6125 ( P-VALUE: 0.B680L )
DOSE RESPONSE MODIFICATION SCORE TESTS
DUSE RESPONSE MODIFIER VARTABLE P-VALUE SIGN OF SCORE DISCRIPTION OF
RADLATION EFFECT
SEXCMALE ¥5. FEHALE) Mil  F:iD 0.1819 (-3 N.S
SEX(MALE VS. FENALE) ABSOLUTE M:il  F:0 0.1949 (- N.§
AGE ATH (UNDER 20 V5. 20+) <2051 20+:0 1.0000 (+) N.S§
CITY (HIRDSHIMA VS. NAGASAKL) n:l L] 1.0000 {+) N.§
LOGLINEAR IN TIME SINCE 1860 TZ18E0:T-1960 T<1860:0 0.2446 {3 N.§
LOGLINEAR IN TIME SIKCE 1970 TZ1970:T-1970 T<1870:0 0.4029 =] N.§
WOW LINEALITY IN DOSE RESPONSE Deal 0.3507 (=3 H.5

92



2-33 CANCER OF TIIE BONE

RERF TR 5-88

i
HIROSHIMA « NAGASARKL, MALES + FEMALES, . AGES ATR
SHIELDED KERWA DOSE IN GRAY EXCESS R.R
FOLLORUD TOTAL PER  GRAY
INTERVAL DEATHS 4] L0 -0B- 0= .20~ -50- L. 0= e.0- 3.0- 4.0 STO.ERROR
.05 .08 18 .43 .99 1.43 2.99 3.98 (P-VALUE}
|450-85 OBS, 27 14 6 0 i 3 2 1 1 0 ] D.2212
TOTAL EXP. 12,85 6.6 1.33 1.78 2.18 1.19 0.68 0.18 0.06 0.08 0.56356
QES. REL. RISK .o 0._81 0.00 0.52 .27 1.54 0.00 5.02 0.00 0.00 {0.6468)
FITTED REL. RISK 1.00 1.00 1.02 1.03 1.07 1.15 1.30 1.583 {1 2.2
1050-55 DRS. 1 4} 1 o 1] 0 0 0 0 0 a -0.1645
EXP. 0,41 0.22 o.ov 0.o8 0.10 .06 0.03 0.01 0.00 0.00 o0.a170
0BS. REL. RISK LR KXy LRR bR 3 ARK Y KX X Y kXK NRX (0.7913)
1956-8B0 OEBS. B i ] 0 0 0 0 0 0 o -0.1774
EXP. d.12 1.53 0.23 0.41 0,40 0.21 0.14 0.03 0.01 o.o02 0.3381
0BS. REL., RISK 1,00 oo D.00 0.00 0.00 .00 0.00 .00 0.00 0,00 (0.6171)
1861-65 ORS. 4 1 1 a 0 | 0 0 1 | a 4.654
EXP. 1.78 0.95 0.22 0.32 0.35 0.19 0.12 0.08 0,01 0.01 5.220
0BS. REL. RISK 1.00 1.88 0.00 0.00 5.06 0.00 0.00 61.89 o.o0 a (0.1082)
1066-70 OBS. 4 1 2 0 I 0 ] i 1] 0 0 -0. 1634
BEP . 2.09 1.00 0.1B 0.18 0.24 0.15 0.09 0.0z 0.00 0.01 0.4122
0B5. REL. RISK 1.08 4.31 on 11.83 0.00 u.00 0.00 .00 0.040 o.o0 (0.7518>
L871-7% OBS. 5 3 0 ] 0 2 0 0 o o ] -0.0538
EXP. 2.58 1.20 0.24 0.30 0.33 0,20 0.11 0.0% 0.01 .03 0.8207
OBS. REL. RISK 1.040 0.00 0.00 0.00 5.11 o.00 0.00 0.00 0.00 0.00 (0.3203)
V376-80 OES, 5 3 2 0 0 0 i} 0 U 0 -0.16492
EXFP. 2.07 l.18 0.34 0.41 0.52 0.27 0.14 D.0G 0.02 0.0l . 1046
0BS. REL. RISK | .on L.IB 0.00 0,00 0.00 .00 0.0 0.o0 0.00 0.00 (0.58387
1481-85 OHS. 2 0 o ] 0 ] 2 1] U 0 a 65,90
EXP. 0.75 0.52 0.13 0.8 0.24 0.1 D.05 0.01 0.00 0.00 243.7
0BS. REL. RISK X XER L33 nAN AN LR b4 RHK XX L83 (0.02058)
1983-85 085, o a i 0 ] 0 1] 0 a o o L3 5
EXP. 0.400 .00 0.00 0.00 0.00 0.00 G.00 a.40 0. 0o 0,00 KX
0BS. REL. RISK KiX XX AKX Xy XEX XXX XA% KxK XXX AXX
FITTED RELATIVE RISK AT 1 GRAY 1.2212 * D.563S ( P-VALUE: D.B4BE )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARTARLE P=VALUE 5|GN OF SCORE DISCRIPTION OF
RADIATICN EFFECT
SER(MALE V5. FEMALED LS| Fid 0.9530 {-) N.§
SEX(MALE VS. FEMALE) ABSOLUTE Ml F:0 0.8G94 {+} N.§
AGE ATE (UNDER 20 V5. 20+) <2031 20+10 0.2361 (*) K.5
CITY CHIROSIIMA VS. NAGASAKIL) "t N0 0.4028 (+) K.5
LOGLINEAR IN TIME SINCE 1980 TZI9B0:T-1960 T<1860:0 C.B611 {2 N.5
LOGLINEAR IN TIME SINCE 1870 T=Z1970:T-1970 T<l14970:0 0.6550 () N.S
KON LINEALITY IN DOSE RESPONSE Dxs2 0.7864 L N.5
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APPENDIX TABLE 3 BASED ON ORGAN-ABSORBED DOSE

{43  BRERMRATA Rz |
3-1-1  MEAN BONE-MARROW DOSE, NUMBER OF SUBJECTS, AND PEROSN-YEARS AT RISK BY
DOSE CATEGORIES
TE R, AT REBOR AR, PrRE st
BONE-HARRON DOSE IN GRAY
TOTAL 0 0.01- 0.08- 0.10~ 0.20~ 0.50- 1.@= 2.0~ 4.0~ 4.0
0.05 0.08 0.18 .43 0.498 1.08 2.89 3.88
KEAR DOSE  TOTAL 130 [V 19 73 139 318 BIZ 1388 2382 3441 4B
(HGRAY) GANMA 128 0 11 73 138 314 B85 1388 2340 3380 4511
NEUTRON l 0 0 0 1 2 7 19 41 82 95
K0 OF SUBJECT 75981 35200 19740 4058 5210 6375  A04z 1578 112 130 155
KUMBER OF PERSON YEARS AT RISK
1950-85 2185336 1013825 569055 (16874 1§0579 162652 86502 45360 11856 311G 4225
1950-55 386362 180510 100960 20846  2ETEY 32723 15532 BLIE 2100 547 782
1956-60 350755 162517 Q1052 18B77 24206 29583 14013 7467 1882 570 588
1961-65 330790 153283  BSIL1 17788 22873 27810 13184  6OT4 1778 535 545
1966-T0 d10411 144050 B0726 16EE2 21418 25928 12336 6403 1682 180 ROR
1971-75 289580 134050 75637 15543 19959 24025 11475 5997 G684 138 565
1976-80 268137 124400 70554 14232 10456 22216 10480 5450 1480 389 500
1981 -85 246681 114707 B5115 12820 16887 20366 9562 4982  luB2 350 438
1981-83 145529  B7713 38429 7604 989§ 11881 B33 2021 A0S 205 253

3-1-2 MEAN COLON DOSE, NUMBER OF SUBIECTS, AND PERSON-YEARS

CATEGORIES

AT RISK BY DOSE

FrashMsa at, AR HEH, AE, REBELRE
COLON DOSE IN GRAY
TOTAL 1] 0.01- 0.06- 0.10- 0.20- 0.50- 1.0- 2.0- a.0- 4.0+
0.05 0.08 0.8 0.41 0.49% 1.99 2.49 4,499

MEAN DDSE TOTAL I8N ] 19 T2 133 311 Gag 1368 2347 a511t 4418

(MGRAY) GANMA 17 1] 1a T2 138 a1z B85 1358 2325 14178 48685

KEUTRON 1 0 0 o 0 I 4 10 21 33 L&

NO OF SUBJECT 755991 d6laz 19518 4113 5208 G218 2820 1380 361 147 g4
NUMBER NF PERSON YEARS AT RISK

1950-85 21653396 103775] GLB3825 118185 150022 178693 0297 40018 10185 4025 2334

1150-58 388982 1B47R2 98870 21137 286738 41330 14442 1089 laeg 751 418

1856-00 350755 166357 q0113 13101 24151 28A872 13043 f452 1624 872 370

1HE1 =R 330790 158900 85047 17948 227491 27179 1ezal Gl4] 1518 B3E LS

LO66-70 310411 147435 78811 16820 21294 25401 11440 5760 1434 588 asa

1871-75 287580 137504 74843 15710 19808 23599 10600 5320 1359 522 a4

13976-80 268137 1273498 EA724 14403 18360 21788 9660 4848 1260 462 283

1981-85 246681 1L7424 64318 13087 LEBTS 19924 8832 4419 1162 397 266

1981-83 145529 69308 37957 701 9857 11727 2209 2601 G663 229 156
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3.1.3 MEAN STOMACII DOSE, NUMBER OF SUBIECTS, AND PERSON-YEARS AT RISK BY DOSE
CATEGORIES
PR, dRARL A, PR R

STUMACH DOSE TN GRAY

TOTAL 0 0.01- 0.U6- 0, 10- 0.20- 0.50- 1.0- 2.0- 3.0~ 4.0+
0.05 0.08 .19 0.49 0.99 1.88 2.98 3,89

MEAN DOSE TOTAL 120 0 19 12 138 ald 69¢ 1376 2372 3545 4450
(HGRAY D GAMMA 119 o 18 72 138 312 680 1361 2940 d4492 1304
NEUTRON 1 0 ] 0 1 2 5 15 3z a2 BB

KO OF SUBJRCT THAN AG030 18591 4025 S0 B2B0 2844 1413 ang 147 [RRY
NUMBER OF PERSON YEARS AT RISK -
1950-85 2185336 1034RR8 SE625¢ 115851 149873 179872 20303 40478 11184 3362 3055
1850-584 JBBHBE 184261 100242 20684 26730 J2127 14517 1251 1870 Ra2 587
19656-60 450755 1n5892 046E 18699 24142 29038 13124 BSTY 1768 558 484
1961 -B5 330780 156455 5400 17580 22774 27316 12343 213 1668 52z 470
1868-70 JI04101 147018 ROZHD 164E8 21282 25525 11558 5792 1589 164 444
1871-75 209380 L3aT1d 75170 16357 19842 23682 |0RE2 53565 1509 427 400
LETE-80 2R8137 127017 70073 14069 18313 21917 8739 48680 13487 d88 358
1981-85 248E81 117107 B4656 127492 16730 20054 BEI2 4433 1281 355 316
1981-03 145529 69120 JB160 542 3906 11811 5234 chop Thi 208 183

3-1-4  MEAN LUNG DOSE, NUMBER OFF SUBJECTS, AND PERSON-YEARS AT RISK BY DOSE
CATEGORIIES

B Lk S A O A < RVINE SR A ]

LUNG 1N DOSE GRAY

TOTAL 0 9.01~ 0.0B- D.10- 0.28- 0. E0- [ 2 A= 3.0- 5.0+
0.0§ 0.09 0. 18 0.48 0.93 1.499 2.89 3.99
HEAN DOSE TOTAL 128 0 13 T2 i3y al4 E 1378 2379 3445 4585
(MGRAY ) CAMHA 127 o 19 T2 138 iz B2 1362 PRERS d3ge 45035
NEUTRON 1 0 ] 1 1 2 ) 1] 35 53 80
KO OF SUBJECT 73991 356038 19616 4005 5210 G303 3006 1547 432 13 164
NUMBER OF PERSON YEARS AT RISK
1950-85 2185336 1022669 566655 115577 1503896 180633 85448 44208 12403 2964 4356
1950-53 JE8O8E 182114 100350 20587 26758 A2340 15347 7408 2197 66 HoH
[RGE-60 450765 163950 10531 18654 24180 29229 13838 7188 1978 491 115
1961-65 330780 154R32 85425 17574 2U830 27438 |3oze 6819 1RED 456 BT4
1966-70 310411 145303 80273 1E481 21362 20649 12190 6337 1768 420 BIE
1871-75 209580 | 35508 75201 15403 18807 23778 11318 hHdd 1659 575 582
1976-80 268137 125473 10127 14099 18458 21970 10333 5291 1534 342 508
19R1-85 246R81 115638 BATA0 12778 16301 20170 g421 4815 1407 a4 441
19B1-83 145529 63283 38217 525 8871 11879 5590 2035 628 188 254
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3-1-5 MEAN BREAST DOSE, NUMBER OF SUBJECTS, AND PERSON-YEARS AT RISK BY DOSE
CATEGORIES

FEIRLE AL, AR, AE, LSRN — aif
BREAST DOSE [N GRAY
TOTAL ] 0.0l- 0.0B- D.10- 0,20- 0.50- 1.0~ 2.0- 3.0- 4.0+
.08 0.09 0.19 (.49 0,59 1.88 2.99 3.90

HEAN DOSE TOTAL 133 0 (] 13 139 317 632 1398 2432 d400 4786

(MERAYD GAHMA il 0 12 T3 19g 314 681 1368 2327 az290 4635

HEUTROK 2 (] o 0 1 4 1i al BS 1o 161

NO OF SUBJECT 45557 20305 12377 2382 azis 3982 1863 &84 275 74 a1
NUMBER CF PERSUN YEARS AT RISK

1650- 85 1350441 602930 365043 TOBRT a5501 117327 583839 2BE5E 8180 2168 2BLE

1850-55 234182 1043ED 63501 12280 IRST6 20487 10088 4R14 1403 77 L34

195E-60 213309 94950 577496 T L5140 18B6RS 8261 4220 1283 WAz 425

1961-65 203154 90511 54340 | DBER L4468 17736 BH23 4048 1250 114 402

1968-70 1926186 BEOLZ 52018 LoL1o 13658 16709 BITD J842 1189 303 386

1871-75 181325  BL101R 45088 9550 12833 15654 7843 3538 1140 268 q63

1976-80 169208  T4T16 45977 G808 11869 14631 7271 303 1017 285 ail

|981-85 156647  T0314 42613 8078 10958 13435 BT21 a4z 919 263 286

L9g1-83 92517 41558 25172 4760 6479 7308 3970 17856 555 152 166
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3-3 LEUKEMIA
£ 1

HIROSHIMA + NAGASAK1, MALES + FEMALES, ALL AGES ATEH

BONE MARKOR DDSE IN GRAY EXCESS R.R.
FoLLONUP TOTAL PER GREAY
INTERVAL DEATHS L01- L0B- 0= V20~ 50 b= 2.0- 3.0~ 4.0+ §TN.ERROR
05 .08 .18 48 .99 1.88 2.149 .99 (P-YALUE)
1950-85 OBS. 202 3} a3 k] 11 23 24 24 15 2 4 5.206
TOTAL EXP. 89.85 61.36 lz.12 15.20 18.56 B.57 4.51 1,04 0.31 0.40 1.021
OBS. REL. RISK 1.00 0.54 0.61 1.07 .83 4.18 7.85 21.2 9.52 14.88 {0.0000)

FITTED REL. RISK L.00 1.10 1.8 1.7 2.87 4.59 .24 14,39 18.91 25.00

1850-5% 0BS. a5 i ] 1 1 2 K] § 5 4 2 1 13.01
EXP. 15,62 .18 2.08 2.58 d.03 1.46 0.79 .18 0.08 0.08 Bouas
OUBS. REL. RISK 1.00 0.18 o84 (1 .68 5.891 10,393 345.68 55.08 66.61 {0.0000)
1956-60 OBS. a1 [ 5 0 3 (i ] § § 0 0 13.41
EXE. 17.32 9.81 2,35 2.85 3.60 1.67 4,40 022 .07 0.04 3,352
OBS, REL. RISX 1.00 1.47 0.00 .91 4.81 1a 15.845  BB.91 0.00 0.00 {0.0000)
1061-65 0OBS. 26 [ () 1 I 5 4 2 ! 0 0 4.682
EXP. 11.92 6.64 1.50 .40 2.4 1.04 0.55 0.13 0. 01 0.035 2,608
aBs, REL. RISK 1.00 1.78 1.32 1.0% 448 7.65 7.28 15.689 000 o._ob (0.0006)
1966-70 0BS5S, 18 7 z 1] 0 1 2 4 2 o 4] T.230
EXP. 8.72 4. 56 0.495 L.20 1.43 0.68 0,34 0.07 0.0% 0.03 4.585
UBS., REL. RISK 1.00 0.55 o.0u 0.0u 0.87 .64 14.6% 34,392 0.00 0.00 (0.0000;
18471-7%  UBS, 28 11 B | 2 2 2 4 1] 0 U] 1.871
EXP., 12.63 G.87 1.7l 2.00 Z.61 1. 26 .63 Q.17 0.0% 0.0G 1144
ORS. REL. RISK 1.00 1.04 0.67 1.15 0.88 1.82 7.24 0.00 0.00 0.00 {6.0455)
107T6-00 [OBS. 31 IS Iy | I 2 2 0 3 o a 1.007
EXP. 1318 T.88 1.99 2.58 3.08 1.6 0.7l 0.14 0.04 0.05 0.86548
0B85, REL. RISK 1.00 0.78 0.44 0.34 0.57 1,23 0.00 16.49 o.od 0.00 £0.0732)
1481-85 [OBS, 25 T B | 2 4 0 4 0 0 L 2.888
EXP. 10,56 6.52 | .58 I 2.51 1.09 0.58 0.1 0.02 0.05 1.881
nes. REL. RISK 1.00 1.34 0.496 1.52 2.40 .00 10.41 0.00 0.00 33.35 {0.0027)
1983-85 0BS5S, 12 ] 1 a | 0 il 1 0 0 t (1
EXP. 5.37 3.07 0.6d 0.83 1.12 0.53 0.239 0.086 0.02 0.02 1.808
0BS5S, REL. RISK 1.o0 0.87 0.00 L.08 0.00 0.00 .06 0.00 0.00 J8.00 (0. 1146)
FITTED RELATIVE RISK AT I GRAY @ B.2084 L 1.0232 { P-YALVE: ©0.000C )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARTABLE P-VALUE SICN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(MALE ¥S. FEMALE} M1 F:0 0.8740 {+) K.8§
SEX(MALE VS. FEMALE) ARSOLUTE Mt Fio 0.0082 {+} W= F
AGE ATE (UNDER 20 V5. 20+) <2011 20+10 0.0088 e} ATH <20 > ATB2C+
CITY (HIROSHIMA ¥S. NAGASAKI) i N:D 0.8698 (+} N.§
LOGLINEAR 1N TIME SINCE 1360 TEI8G0:T-1960 T<1960:0 0.0000 (-} 1960 < -1960
LOGLINEAR IN TIME SINCE 1970 TE2I970:T-1970 T<1970:0 0.0002 (=) 1970+ = -1970
NON LINEALITY IN DOSE RESPONSE DaxZ 0.5183 (&5 N.§
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3-4 ALL CANCERS EXCEPT LEUKEMIA
E I 35 L)L &h 03 4 S04 0 6

HIROSHIMA = NACASAKI, MALES + FEMALES, ALL AGES ATE

COLON DOSE IN GRAY EXCESS R.R.
FOLLONUP TOTAL PER GRAY
INTERVAL DEATHS B .06~ S0 .20~ .80~ 1.0- 2.0 3.0 4.0+ STD.ERROR
.05 .09 -18 .49 .94 1.9% 2.99 3480 (P-VALUE}
1050-R5 DRSS, 5734 2562 1394 341 410 az2d 273 158 a7 a0 1o 0.4126
TOTAL EXP. 2725,99 1408.12 936,47 412.62 4099.82 Z14.001 101.78 20,35 9.249 .47 0.0587%
DRS. EEL, RISK 1.00 .05 1.08 1.0B 1.13 1.38 1.65 1.91 .29 1.34 {0.0o00)
FITTED REL. RISK 1.00 L.01 1.03 1.08 1.13 1.28 1.57 1.a7 2.45 2.82
1950-55 0BS. 542 224 i54 26 3z 54 7 Io 4 Q g 0.2884
EXP. 250,71 132.40 al.44 38,587 45.80 18.74 8.94 .49 Q.83 50 0.1738
0BS. REL. 1.00 1.81 0.48 0.454 1.32 1.54 .28 L. 70 0.00 49 {0.0BOAY
1856-60 DES. 412 149 ae 51 40 26 13 7 I 0 D.i12i4
EXP. 299.36 157.30 dg.18 47.44 55,08 23.97 10,97 2.16 1,08 54 0.1414
0HS. REL. 1.00 0.91 0.88 1.03 G.568 1.04 L.14 a.1 0B ho {0,3044)
1961-B65 0BS. 323 203 45 ET 67 a6 2% 4 ¢ 0 02860
EXP. 361.43 1B9.36 48,62 58.33 69.21 29.317 14,11 2.55 i .B3 01452
0BS. REL. 1.00 1.20 1.18 1.28 1.08 1.37 1:78 1.75 § .00 (0,0295)
1966-70 OBS. aTa 207 50 56 il 32 23 4 3 H| D. 3650
EXF. 402,83 204 .48 45.85 B0.53 7394 dl.3d 15,58 2.78 1.48 .15 D. 1480
0BS. REL. 1.00 1.08 1.07 0.98 .24 1. 08 1.59 1.63 2.16 27 (n.onz2)
1871-75 OBS. 418 216 52 ] 83 417 28 1 4 2 0.4421
EXP. 442,12 225.75 55,138 G4.93 B0. 12 34,80 16.30 a.41 1.52 .41 0.1348
0UBS. REL. L.00 1.02 1.00 1.25 ] L.4d 1.70 1.25 2.81 L34 (0.0008)
I976-80 ORS. 144 234 o Bl 9z 5E a4 L L | 0.5871
EXP. 460,89 243.91 §57.79 70.38 85.61 36.98 17.28 3.57 1.58 0.94 0.1522
0RS., REL. 1.00 1.02 1.08 0.92 b.1d 1.44 2.08 1.78 3.40 Il {0.60007
1981-8% OBS. 166 231 67 67 107 53 an 9 5 2 D.ELES
EXP. 493.81 284.44 §7.47 12.47 88.97 37.89 18.85 388 1451 w21 0.1480
OBS. PEL. 1.00 n.97 1.25 0.593 L.29 1.50 1.71 2.49 4.55 78 (0.0000)
1983-05 OBS. 292 129 13 Lk 57 a1 22 T 3 2 a.7017
EXP. 301.61 153.90 45.08 44.28 5407 22,80 £1.33 2.33 0.&8 6.76 0.200%
OBS, REL. RISK 1.00 0.87 1227 0.98 1.08 1.6 2.00 3.1 3.51 2.1 (0.uo00d
FITTED RELATIVE RLSK AT 1 GRAY © 1.4126 * 0.0575 ( P-YALUE: ©0.0000 2

DOSE RESPONSE MOD)FICATION SCORE TESTS

DOSE RESPONSE MOBIFIER VARTABLE P-VALUE SIGN OF SCORE DISCRIPTLON OF
RADIATION EFFECT

SEX(MALE VS. FEMALE} [ 343 F:0 0.0023 (-3 M <F

SEXCHALE ¥S. FEMALE} ABSOLUTE Mzl F:0 0.3124 (-3 N8

AGE ATB (UKDER 20 VS. 20¢) <20:1 20+:0 0.0003 (+) ATR <20 = ATR20+
CITY (HIROSHIMA VS. WAGASAKL) Hil K0 0.BRA0 =2 N.5

LOGLINEAR IN TIME SINCE 1850 TZ1960:T-1960 Tel360:0 0.0127 (£5] 1460+ » - 1960
LOGLINEAR IN TIME SINCE 1970 TZ1970:T-1870 Te<i970:0 0.0318 (e} 1970+ = =1970
NON LINEALITY IN DOSE RESPONSE [xxZ n.o2ar £ N.5
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3-7 CANCER OF THE STOMACIH

RERF TR 5-88

=
WIRDSHIMA » NAGASAKI, MALES + FEMALES, ALL ACES ATH
STOHACH DOSE IN GRAY EXCESS R.R.
FOLLORUP TOTAL PER GRAY
INTERY AL DEATHS L0l - 06~ -l0- gk Lh0- 1.0= 2.0~ 3.0- .04 STN.ERROR
L05 .04 «18 .44 k) L.99 2.99 3.480 (P=VALUED
19h0-85  08S, 2007 287 194 106 1448 189 HE] 4% 10 1 1 0.2713
TOTAL ERE 943047 490,499 118.33 147.58 179018 1270 JE.83 8.12 2.54 2.89 0.0857
OUs. REL. ¥ISK b 0o 1.08 .94 1.06 R 1,28 1.28 1,30 2,07 2.99 (0.0002}
FITTED REL. RI1SKE 1.00 1.01 1.028 1.0 1.08 | .48 1.37 1. hi4 1.46 2:21
1850-585 ORS. 218 b il 7 I 25 2 il ot i} | 0. 2053
EXF, 0.4 53.33 12.75 15.54 19.04 8.48 §. 88 n.al .32 0.31 0.2440
OES. REL. RISK 100 b 0. 54 0.ThH 141 1.52 1,48 u.0o 0.0 4,45 (0.3711)
1956-00  OBY 281 120 72 16 ug 18 R} f 2 0 i} 0.0
EXP, 128,81 GE.T8 17.34 ?1.868 26.08 | G008 1.09 n.38 .34 Do1G4d
ORS. REL. RISK 1.06G 1.07 (VRS £ 1.37 0.13 100 oia 1.88 N0 0,00 (O.THIY)
1961-E5 QBE. o817 130 Th 1 49 27 13 T 2 I
EXF, 137.24 FZ.51 17.94 2274 a7.14 11.86 .67 1.07 0.4
GB5. REL. RISK 1.00 R | 0.65 1.835 1.05 L IB 1.40 )87 24 58
THBL -0 UBS. se2 1atl il 15 18 23 I g I 2 | 0. IE8F
L, 152.27 .47 19.15 23,67 28, B3 12,42 604 1.23 0.40 0.50 0.14970
OBS. REL. RISK {1 4] 1-12 0.73 0.a81 0.98 0,89 1.33 0.82 8.0l 2.08 {0.2021)
1HTL-95  OBS, 3u0 155 6 15 22 38 1.6 & 2 | | 0.25318
EXP 156.62 B0.51 19.37 23.81 28.70 12,71 B.02 1.47 0,31 0.49 0.2051
ORS. REL. RISK 1.00 0.95 0,78 0.893 1.4 1.14 0. 84 1.48 2.60 2.04 {0.1871)
|076-R0  OBS. a0a 130 67 20 19 i 18 il 2 0 I 0L BEED
EXP. R R | 74.58 17.23 21.78 26,43 11,43 9.30 1.28 0.34 0.43 n.z2801
0BS. KEL. RISK 1.00 1.00 1.29 0.97 1,55 1-76 | .89 1.73 Q.00 2.60 £0.0051)
|B81-85 OKS. Lok 109 ok 22 24 25 5] Hl | L £ 0.5082
FEP. 120,78 B, 14 14 .54 18,37 22,04 q9.689 4.73 1.16 .30 0.35 0.2787
0BS. EEL. RISK o0 0.98 1.68 121 1.21 1.72 1.17 Q.98 3.686 B.31 0.0208)
LHB3-85 (RS, 145 18 21 12 ] LB 7 a I 1 ) b.oliz
ERMs 7. 88 35.74 8.1 10,68 1d.14 2,47 2.61 0,64 0.17 Q.20 0.4317
OES. REL. RISK l.00 0.67 1.49 1.47 1. 27 1o 1. 15 1.64 E.23 10.24 (0.008T)
FITTED RELATIVE RISK AT 1 CRAY 1 [.27I13 % 0.0857 { P-VALUET 0.0002 )
DOSE RESPONSE WODIFICATION SCORE TESTS
DOSE RESTONSE MDOIFIER VARLAELE P-¥allE SIGN OF SCORE DISCRIPTION OF
EaDIANTION EFFECT
SEXCHALE VS. FEMALE) Bl ! 0.1261 (-3 N.8
SEX(MALE V8. FEMALE} ABSOLUTE Hil Fid D.8362 L= NS
AGE ATE (UNDER 20 VS. 204) <20:1 20430 0.0307 {+) ATB =20 > ATDZO~
CITY CHIRDSHIMA VS. NAGASAKI) n:t Nid 0.1418 L= N.S
LOGLINEAR IN TIME SINCE 1880 TZI860:T- 1060 T<l9B0:0 0.08l0 (+) N.S
LOGLIKEAR IN TIME SIENCE 1870 T=1870:T- 1970 T<1970:0 {.0832 (s} ®.5
NON LINEALITY IN DOSE RESTONSE IS F 0. 6523 =% N.$
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RERF TR 5-88

3-8 CANCER OF THE COLON
i

HIROSIIMA + NAGASAK!, MALES + FEMALES, ALL AGES ATH
COLON DOSE IN GRAY ENCESS R.R.
FOLLO®UP TOTAL PER GRAY
INTERVAL UEATHS s .0B- L10- .20 .50~ 1.0- 2.0- 3.0- 4.0+  STD.ERROR
.05 .09 .14 48 .93 1.89 2.498 3.99 (P-WALVUE)
1950-85 OQEBS. 232 106 58 i 1 19 a k] 4 2 2 0.8454
T0TAL EKP. 108.67 27.18 13.90 17,15 20.73 .88 4.10 0.81 0.37 0.22 0.3548
0BS. REL. RISK |.00 1.04 1.03 0.54 0.94 1.04 2.25 5.08 5.87 8.32 {0.0002)
FITTED REL. RISK 1.00 1.02 1.06 .12 1.26 1.58 2.18 2.99 3.987 4.738
1850-55 O0OBS. 12 4 ] | 1 I i} 0 ] a o -0.2208
ExP. 5.18 3.08 .82 0,98 1.1B 0.48 0,23 0.05 0.02 0.0l 0. 3328
DES. REL. RISK 1.00 2.12 .58 1.32 1.12 0.00 0.00 0.00 0.00 0.00 {0.5323)
1956-60 ORS. a 5 4 o 1} 1 0 0 0 L} 0 -0.22486
EXP. 3.85 2.2¢4 0.60 1S 0.88 0.35 0.15 0.03 .02 0.0l 0.4290
085, REL. RISM 1.00 1.06 0.00 0.00 0.30 0.00 0.00 0.00 0.40n 0.00 {D.5777)
1861-65 0BS. 21 7 i 3 2 1 3 0 1 ] 1] 1.503
EXP. 5.08 5.24& 1.43 1.78 2.1 0.85 0.41 0.07 0.04 n.o2 1.484
085. REL. RISK 1.00 Q.38 il 1.458 0.6l 4.58 0.00 17.43 0.00 0.00 {0.1253)
1966-70 GBS, 3R 17 i 3 2 2 a 1 1 1} 0 1.233
EXP. 16.496 .01 2.09 2.66 3.12 1.37 0.8B1 0.10 05 .02 1.091
0BS5. REL. RI15X 1.00 0.66 1.43 0.75 D.96 ;] 1.63 9.58 .00 0.00 (0_0966)
1871-75 OBS. 41 14 14 2 | 4 I 2 0 o 0 0.2608
EXP. 18.57 5.99 252 2.91 3,55 l:51 0.69 0.13 0n.08 n.04 0.6161
0BS. REL. RISK 1.00 1.886 2.37 0.48 1.58 0.83 4.03 0.00 0.00 0.00 (0.BRAT)
1976-80 OBS. 47 26 9 | z 2 ! 3 I 1 I 1 .25R
EXP. 21.77 11.54 2.96 3.53 4.217 1.83 0.81 0.7 0.07 0.04 0.9230
OBS. REL. RISK 1,00 0.65 0.28 0.47 0.34 -4B a.08 .82 11.33 23.81 (0.008E2)
1881-85 ORS, GE aa LY | 1 T I a 1 1 1 0. 8487
EXP. 2. 18 10.08 3.49 4.50 5.85 2.48 120 0.28 010 0.09 n.B7497
0BS. REL. RISEK 1:00 1.03 0.28 0.22 1.21 0.38 2.44 4.88 1621 11.33 (0.0189)
1983-85 0BS. a7 18 T 0 1 § 1 2 1 0 1 1.542
EXP. 17,68 .19 2.08 2.58 .28 1.35 0.66 n.13 0.08§ 0.05 1.128
OBS. REL. RISK 1.00 0.71 0.00 0.36 .41 0.B7 2.R2 i.05 0.00 19,28  (0.0146)
FITTED RELATIVE RISK AT 1 GRAY 1.8454 + 0_3548 ¢ P=NALUE: 0.0002 )
DOSE RESPONSE MUDIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIABLE P-VALUE S1GN OF SCORE DISCRIPTION OF
RADIATION EFFECT
SEX(MALE VS. FEMALE) B8] F:0 0.4E28E =) N.S
SEX(MALE ¥S. FEMALE} ABSOLUTE Mil Fi0 0.7602 (+} N.5
AGE ATB (UNDER 20 ¥S. 20+) <201} 20+:10 o.0101 (+) ATE <20 > ATBZO+
CITY CHIROSHIHWA Y5. WAGASAKI) il N:OD 0.0296 {+) >N
LOGLINEAR 1N TIME SINCE L3960 TZI960:T-1960 T<1860:0 0.4198 (+) N.5
LOGLINEAR LN TIHE SINCE 1870 TZ1970:7-1970 T<1970:0 0.7308 {+) N.§
NON LINEALITY [N DOSE RESFONSE IS 3 D.01SH ) QUADRATIC TERM IS

SIGNIFICANT
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3-15 CANCER OF THE LUNG

RERF TR 5-88

it 24
WIROSHIMA + WAGASAK!, MALES + FEMALES, ALL AGES ATH
LUNG DOSE IN GRAY EXCESS R.R.
roLLoyup TOTAL PER GRNY
INTERYAL DEATES _0l- LO6- LD .20~ .50~ JiE 2.0- 0- 1.0+  STD.ERRUR
.05 N8 M| .49 ik il 2.88 3.99 {P-VALUE)
1850-85 OBS. GEE] 262 164 RIS 31 69 At 27 5 1 k| 0.G276
TOTAL EXP. 107 .68 151.04 I6.08 44.79 4,80 25,92 14.43 2,89 .75 1.33 _0 1787
0BS. REL. RISEK 1.00 1% 117 0.87 |48 L+ 58 2.38 2.03 1,66 2.5 {0.0000)
FITTED EEL. RISK 1.60 1.01 P04 1.08 Ji:FH .43 1.87 2.48 1.17 3.88
1150-55 0ORS. 18 ] 5 2 2 | 0 i 1] [} 0 0.204Y
LXP . T+Ta 3.88 0.&0 L4 1.486 0.59 0.24 b.06 0.02 0.03 D.2670
BBS. REL. RISX 1.00 1.5 3.00 221 0,95 0,00 il] 0.00 0.00 0.00  (0.5120)
1HBE-60  0BS, 28 14 ) | 2 3 4 o 1 ] n 1,341
EX.. 14.04 h.43 1 .58 87 2,23 1.03 0.B6S 0,13 0.08 0.0f 1.135
OFS. REL. RISK 1.00 0.47 ¢.ET 07 1,35 3.R8 0.00 T.44 0.00 0.00  CO.L1LTY
1961-65  0BS. ] P2 2 B ] i 4 14 o 0 a 0.8086
EEP. Blag 15,22 420 5.24 5,38 2LET 1.59 0.30 0.04 015 0,6158
05, PEL. RISH I, 00 1,87 2.18 1,18 1.80 1.59 5.74 0,00 a.0f 0 {0.06RR)
LHEB-T0  oUS. 114 48 2 f 7 13 5 5 | 0 0 0.6407
EX Py 35.52 27.03 .43 1.7 g9.62 4.45 2.40 a.46 0.15 0,23 0. 4302
00S. REL. RISH 1.09 1.03 1.44 1.0% 1.82 1.30 2.41 Z.50 n.ono 0.00 (0.09313
197 1-75  085. 115 46 2 i g | 4 2 | 1] 3 0.,0362
EXP. 55,08 27.10 B T4 .17 .89 4.6 2.45 [ 0.14 0,24 0,485
OES. REL, RISK 1.00 IR E: 1.24 3z 1.a3 2.31 0.88 2.28 0.00 14,97 (0.00873
1576-80 0ORS. 160 B L ] ) 14 ) 1 1 il 0 0.7758
EXP. T, 34 qE. 08 .60 10.74 12-97 .08 3.03 Q.72 0.4 i &1 0. 4988
UBS. REL. RISK 1.00 1.22 1-18 0.53 ].22 | JBA .14 1.58 0.00 ooon (0.0146)
1581-85 OBS. (L2} B4 15 b B 16 4 4 1 | 1} 0.1662
EXI. 71,80 34.29 TTE 5.8Y 12.34 5.64 .02 0,68 0.6 0.32 0.2717
0B5. REL. RISk 1.00 1.47 0.43 .91 | .48 .80 1.39 .85 7.01 0.00  {0.4284)
1183-85 0BS. 88 38 217 2 5 ] a 4 0 0 ] 0.0R0F
EXP. 41.89 20.13 467 5,04 7.42 .44 1,81 0.42 0.909 0.18 0.3240
OBS. REL. RISK 1.00 1.56 0.50 0.498 1.41 1| 2.508 0.0 u.00 0,00 {0.7013)
FITTED RELATIVE RISK AT 1 GRAY 1 1.68276 £ 0.1787 { P-VALUE: 0.000D0 2
DOSE RESFONSE MODIFICATION SCORE TESTS
DOSE FESFONSE MODIFIER VARTABLE P=-VALUE SIGN OF SCORE DISCRIPTLON OF
RANIATION EFFECT
SEX(MALE VS. TFEMALE} Ml Fin 0.0448 (-3 o5
SEX(MALE ¥S. FEMALE} ARSOLUTE Mot Fio 0.3205 (=) N5
AGE ATE (UNDER 20 V5. 20+) 2011 204:0 0.26R8 (48] N.5
CITY CHIROSHINA VS. NAGASAHI) Wil NiD 09548 (=) K.8
LOGLINEAR IN TIME SINCE 1960 TZ1960:T-1960 Te<I8B0:0 0.3532 &) H.S
LOGLINEAR IN TIME SINCE 1970 TZ1870:7-10870 T=1870:0 0.2574 £ N.5
NON LINEALITY IN DOSE RESPONSE IES ¥4 d.1400 £=3 N.5
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RERF TR 5-88

3-16 CANCER OF THE FEMALE BREAST
gk R
HIROSHIMA = NAGASAKI, FEMALES, ALL AGES ATR
BREAST DOSE [N GRAY EXCESS R.R.
FOLLOAUP TOTAL PER  GRAY
INTERVAL DEATHS .01-  .06-  .le- .20 .50-  1.0-  2.0-  3.0- 4.0+  ST0.ERROR
.05 .08 .19 .48 .99 1.8 2,88 3.99 (P-VALUE)
1350-B5 DBS. 155 57 39 7 10 1 15 i 3 0 2 1.182
TOTAL  EXP. 8.55 40D.B8  8.42 11.28 14.16  7.06  9.12  0.94  0.26  0.30  0.4175
0BS. REL. RISK 1.0 1.15 .00  1.07 1.3  2.56 2.3l 3.8  0.00 .08 (0.0001)
FITTED REL. RISK  1.00  1.02  |.08 1,17 1.37 1,82  2.67  3.85  5.05  6.53
1950-55 0BS. 15 4 6 2 1 0 2 0 0 0 0 -0.0642
EXP. 6.71  4.02  0.79  1.08 1.32  0.65  0.28  0.08  0.02  0.08  0.G241
0BS. REL. RISK 1.00  2.51  4.27 1.5  0.00  5.18  0.00  0.00  0.00  0.00 (0.8875)
1956-60  0BS. 15 9 2 0 ! 2 2 0 0 0 0 0.0357
EXP. 6.93  4.25  0.89  1.26  1.5] 0.7l 0,32 0.08  0.02  0.083  0.7172
0BS. REL. RISK 1.00 0.3 0.00 61 1.02 206 0.00  0.00  0.00  0.00  (0.4203)
1961-85 O0BS. 28 1z 9 1 2 ¢ 2 0 0 0.5720
EXP. 1231 7.52 .54 2,11 2.57 1,08 0.5  0.13  0.04  0.05  0.82491
UBS. REL. RISK 1.00  1.23  0.00 0.49  0.80  1.73  3.72  0.00  0.00  0.00  (0.3951)
19BE-70 QBS. 22 5 4 : I 5 0 (i I 0 [ 4.801
EXP. 9.78  §.72 .20 .58  2.00 .04 0.4  0.14  0.04  0.04 2.757
0BS. REL. RISK 1.00  1.87  9.27  1.23  4.88  0.00 12.87 13.87  0.00 &7.10 (0.0003)
1871-75 OBS. 21 a 7 2 (] 2 I 0 4] ) o -0, 1919
EXP. 9.32  5.45  L.19  1.48  1.82  1.00  0.42  0.14  0.04  0.04  0.1820
0BS. REL. RISK 1.00 1.3 .74 ©.00  1.08  §.03  0.00  0.00  0.00  0.00 (0.4795)
1976-80  0BS, 26 B ¢ I s 1 2 1 I 0 [ 2,468
EXP. 11.34 B.&17 l.42 | 2.42 1.24 .53 {1 (PR 0,05 0.06 1.58%
0BS. REL. RISK 1.00  0.82  l.00  3.01 2.3% 2,28 2.9  7.41  0.00 23.71  (0.0054)
1981-85 0BS. 27 10 7 0 2 ! B 0 0 0 1.501
EXP. 12.18 7.03 1.40 1.87 2.4] 1,24 0.55 0.18 0.05 0.0f 1.185
OBS. REL. RISK 1.00 1.21 0.00 1.30 0.51 5.08 000 G.63 000 0.00 (0.DBES)
1983-85 O0BS. 14 5 ‘ 0 1 0 a 0 I 0 0 1.798
EXP. 6.27 3.7 0.73 0.8  1.23  0.82  0.28  0.08  0.09  0.0§ 1.612
0BS. REL. RISK 1.00  1.3¢  0.00  1.28  0.00  6.07  0.00 13.33  0.00  0.00  (0.0985)
FITTED RELATIVE RISK AT I GRAY © 2.1917 % 0.4475 ¢ P-VALUE: 0.0001 )
DOSE RESPONSE MODIFICATION SCORE TESTS
DOSE RESPONSE MODIFIER VARIABLE P-VALUE SICN OF SCORE DISCRIPTION OF
RADLATION EFFECT
SEXCHALE VS. FEHALE) KN (%) NOT APPLICABLE
SEX(MALE US. FEMALE) ABSOLUTE Xee N (X) NOT APPLICABLE
AGE ATB (UNDER 20 V5. 20+) <2011 20-:0 0.1781 () NS
CITY CHIROSHINA V5. NAGASAKI) H:l o 0.7124 ) N.S
LOGLINEAR IX TIME SIKCE (960 TZ1960:T-1960 T<1950:0 0. 3002 2 N.§
LOGLINEAR IN TIHE SINCE 1870 TZ1970:7-1970 T<1970:0 0.5980 (o) NS
NON LINEALITY [N DOSE RESPONSE Daxz 0.6808 =) NS
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