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SUMMARY

A study to elucidate the effects of atomic bomb
radiation on the incidence of stomach cancer was
conducted on 79,856 A-bomb survivors whose
exposure dose estimates are available. Patho-
logical and epidemiologic reviews were conducted
of 2,155 cases which during the period 1950-77
bhad been diagnosed, clinically or histologically,
as having stomach cancer. The relationship of
dose to stomach cancer incidence was assessed
using total kerma dose, As a result, the following
findings were obtained.

Evaluation of the dose effects (adjusted for sex
and age) in each dose group showed a significant
increase in the risk of stomach cancer only in
the heavily exposed (200+rad) group. In the
100-199 rad group, a significant excess risk was
found only in the group aged 10-19 at the time
of the bomb (ATB). Especially in the case of the
200+rad group, the increased risk in stomach
cancer was remarkable in the under-30-ATB
age-group.

It is emphasized that the dose-response relation-
ship for the incidence of stomach cancer,
followed for 27 years, is not guadratic, but
lincar. Based on this finding, the estimated
risk of A-bomb radiation-induced stomach cancer
for both cities combined is 1.24 (0.92 in
Hiroshima and 1.68 in Nagasaki) per million
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person-years per rad (PYR). By sex, the risk for
both cities combined is 146 per million PYR
for males and 1.12 per million PYR for females,
showing no statistical difference. However, the
risks for the younger age-groups (10-19 and
20-29 ATB) adjusted for city and sex are 1.51
and 1,71 per million PYR, respectively, which
are higher than the mean risk,

Stomach cancer develops at highest frequency in
the lower part and on the lesser curvature of the
stomach, and there are no differences in this
respect between the exposed and control groups.

Histologically, the differentiated type of adeno-
carcinoma is frequently observed in the control
and low dose groups, whereas the poorly dif-
ferentiated type is seen in the high dose group.

Comparison of the differentiated and poorly
_ differentiated types of adenocarcinoma with
respect to degree of intestinal epithelial metaplasia
of the gastric mucosa, showed it to be stronger
in the differentiated type. There is a significant
difference between these histological types in
the degree of intestinal epithelial metaplasia by
exposure dose.

INTRODUCTION

It has been confirmed clinically as well as by
animal experiments that radiation exposure
induces tumors, especially malignant tumeors.
Increased incidence of leukemia!™® and tumors
of the lung®5 breast,’ thyroid,” and salivary
gland®® has been reported among the A-bomb
survivors of Hiroshima and Nagasaki.

Among the malignant tumors developing in the
Japanese, stomach cancer is the one with the
highest incidence and mortality rate. It is of
great interest to know what effect A-bomb
‘exposure has on the incidence of stomach cancer.
The issue concerning stomach cancer among
A-bomb survivors has been studied in the ABCC/
RERF Life Span Study (LSS) and Pathological
studies. The results of studies conducted on the
LSS, using information from death certificates,
have indicated high. stomach cancer mortality
among heavily exposed survivors.'®"!2 However,
due to the low autopsy rate, the study using
autopsy materials, has not demonstrated any
statistically definite increase in stomach cancer
incidence.!3"1¢
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Remarkable increase in the rate of early detection
of stomach cancer due to rapid progress in
stomach diagnostics and the extensive use of
mass stomach screening can be mentioned as
changes occurring in stomach cancer clinics
over the past three decades.)” Among cases
undergoing surgery, the frequency of stomach
cancer detected at an early stage has increased
to more than 30% of all cases since 1970, and
the surgical treatment results have improved so
that the 5-year survival rate now exceeds 90%.
In order to review stomach cancer among
A-bomb survivors in greater detail, it seemed
appropriate, in view of such changes in the
clinical situation regarding stomach cancer, to
pursue the association between stomach cancer
and A-bomb exposure using stomach cancer
cases first detected at surgery, cases detected by
biopsy and diagnosed histologically, clinically
diagnosed cases, and cases first identified on
death certificate or at autopsy.

MATERIALS AND METHODS

The stomach cancer cases used in the present
study are those pertaining to the LSS extended
sample’® during 1950-77 in Hiroshima and
Nagasaki and diagnosed clinically or histo-
pathologically. In the LSS extended sample,
composed of 108,912 subjects, 152 cases whose
family register {Koseki) cannot be identified,
and all stomach cnacer cases with onset date

prior to October 1950 were excluded from this.

study. Also excluded from the analysis were
26,518 subjects who were not in the city ATB,
and 2,386 subjects whose dose estimates were
not available. Therefore, this analysis relates to
79,856 A-bomb survivors (60,482 in Hiroshima
and 19,374 in Nagasaki) among whom 2,155
" (1,720 in Hiroshima and 435 in Nagasaki)
were identified as stomach cancer cases during
the 27 years from 1 OQOctober 1950 to 31
December 1977, Of these cases 1,148 (53.3%)
were histopathologically studied. However, it
is emphasized that the different sources obtained
from autopsy (385 cases), surgical or biopsy
(763 cases), and death certificate (1,007 cases)
did not quite change systematically with
increasing dose by city.

In collecting stomach cancer cases, reference was
made to material from the Tumor and Tissue
Registries of the Hiroshima and Nagasaki City
and Prefectural Medical Associations, and the
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person-years per rad (PYR). By sex, the risk for
both cities combined is 146 per million PYR
for males and 1.12 per million PYR for females,
showing no statistical difference. However, the
risks for the younger age-groups (10-19 and
20-29 ATB) adjusted for city and sex are 1.51
and 1.71 per million PYR, respectively, which
are higher than the mean risk,

Stomach cancer develops at highest frequency in
the lower part and on the lesser curvature of the
stomach, and there are no differences in this
respect between the exposed and control groups.

Histologically, the differentiated type of adeno-
carcinoma is frequently observed in the control
and low dose groups, whereas the poorly dif-
ferentiated type is seen in the high dose group.

Comparison of the differentiated and poorly
_ differentiated types of adenocarcinoma with

respect to degree of intestinal epithelial metaplasia
of the gastric mucosa, showed it to be stronger
in the differentiated type. There is a significant
difference between these bistological types in
the degree of intestinal epithelial metaplasia by
exposure dose.

INTRODUCTION

It has been confirmed clinically as well as by
animal experiments that radiation exposure
induces tumors, especially malignant tumors.
Increased incidence of leukemia'™® and tumors
of the lung®® breast® thyroid,” and salivary
gland®® has been reported among the A-bomb
survivors of Hiroshima and Nagasaki.

Among the malignant tumors developing in the
Japanese, stomach cancer is the one with the
highest incidence and moriality rate. It is of
great interest to know what effect A-bomb
exposure has on the incidence of stomach cancer.
The issue concerning stomach cancer among
A-bomb survivors has been studied in the ABCC/
RERF Life Span Study (LSS) and Pathological
studies. The results of studies conducted on the
LSS, using information from death certificates,
have indicated high. stomach cancer mortality
among heavily exposed survivors.1®"12 However,
due to the low autopsy rate, the study using
autopsy materials, has not demonstrated any
statistically definite increase in stomach cancer
incidence 3716
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Remarkable increase in the rate of early detection
of stomach cancer due to rapid propgress in
stomach diagnostics and the extensive use of
mass stomach screening can be mentioned as
changes occurring in stomach cancer clinics
over the past three decades.!” Among cases
undergoing surgery, the frequency of stomach
cancer detected at an early stage has increased
to more than 30% of all cases since 1970, and
the surgical treatment results have improved so
that the S-year survival rate now exceeds 90%.
In order to review stomach cancer among
A-bomb survivors in greater detail, it seemed
appropriate, in view of such changes in the
clinical situation regarding stomach cancer, to
pursue the association between stomach cancer
and A-bomb exposure using stomach cancer
cases first detected at surgery, cases detected by
biopsy and diagnosed histologically, clinically
diagnosed cases, and cases first identified on
death certificate or at autopsy.

MATERIALS AND METHODS

The stomach cancer cases used in the present
study are those pertaining to the LSS extended
sample’ during 1950-77 in Hiroshima and
Nagasaki and diagnosed clinically or histo-
pathologically. In the LSS extended sample,
composed of 108,912 subjects, 152 cases whose
family register (Koseki) cannot be identified,
and all stomach cnacer cases with onset date

prior to October 1950 were excluded from this.

study. Also excluded from the analysis were
26,518 subjects who were not in the city ATB,
and 2,386 subjects whose dose estimates were
not available. Therefore, this analysis relates to
79,856 A-bomb survivors (60,482 in Hiroshima
and 19,374 in Nagasaki) among whom 2,155
(1,720 in Hiroshima and 435 in Nagasaki)
were identified as stomach cancer cases during
the 27 wyears from 1 October 1950 to 31
December 1977. Of these cases 1,148 (53.3%)
were histopathologically studied. However, it
is emphasized that the different sources obtained
from autopsy (385 cases), surgical or biopsy
(763 cases), and death certificate (1,007 cases)
did not quite change systematically with
increasing dose by city.

In collecting stomach cancer cases, reference was
made to material from the Tumor and Tissue
Registries of the Hiroshima and Nagasaki City
and Prefectural Medical Associations, and the
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RERF LSS. Further, efforts were made to
collect cases which occurred prior to initiation of
the Tumor Registry by checking existing clinical,
surgical pathology, and autopsy data at Hiroshima
and Nagasaki Universities and at hospitals located
in the two cities. The clinical, surgical pathology,
and autopsy records of each of the 2,155 cases
identified were checked as extensive as possible
in order to determine the time clinical symptoms
became manifest, date and method of clinical
diagnosis, date of histopathological diagnosis,
and date of death.

The exposure dose estimates used here are the
tentative 1965 radiation dose estimates as revised
in accordance with the recent relocation of the
Nagasaki epicenter and a standardized rounding
off procedure for the calculation of individual
doses (T65DR).1?® A review of the quantity
and quality of radiation received by A-bomb
survivors is continuing,?! and reassessment of the
dose estimates will be made in the near future.
Accordingly, in order to avoid biases which
might occur from using erroneous estimates,
based on T65DR, of neutrons and gamma rays
separately, the relationship between stomach
cancer incidence and radiation dose was reviewed
using the estimated TG3DR (total) received by
each individual, It might be considered natural
to evaluate the relationship of radiation dose to
stomach cancer incidence using organ dose
estimates, but since so many uncertain factors
are involved in the estimates of neutron and
gamma ray components of T65DR, it was
decided to employ total kerma dose.

‘Statistical Methods

It is assumed that X j5;, the observed number of
stomach cancer cases indexed by sex (i=1 or 2),
age (=1, . .., 6}, and dose (k=1, . . ., 5) groups,
follows the Poisson distribution with parameter
Nijk=RijxPjjk- Here Ryjx indicates the person-
years at risk in the (i,j,k)th category.

Two simple regression models were used in the
analysis of stomach cancer incidence within
city:
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where ¢y; is the effect of sex and ATB age-groups
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kerma dose of the (i,j,k)th group, Dizjk the
squared average of total kerma dose, with index
k ranging over the five dose groups (0, 149,
50-99, 100-199, and 200+ rad), and where 8; and
B, are constants expressing doseTesponse
characteristics common to sex or age categories.
Each test statistic on two dose-response estimates
of parameters under the hypothesis H, : f; =0 or

B,=0 are x> = ﬁf/V(ﬁl) or ﬁ;lV(ﬁz) which has
approximately a x distribution with one degree
of freedom, where V(,Gl) or V(ﬁz) denotes the
asymptotic vanance of the maximum likelihood
(ML) estimate 51 or ,62 of 8, or f,. A test
statistic for the null hypothesis (H, : 1 — f2 =0}
of no difference in nsk between two groups, say,
males and females, is x°= (,Bl —{32) iV(ﬂl ﬁz)
which has approximately a x* djstribution with
one degree of freedom, where V(8; — ;) denotes
the asymptotic variance of difference in two
groups.

ML estimates of the parameters, based on the
Poisson distribution, were obtained by the

Newton-Raphson iteration method. Furthermore,

a review was made of the relative risk for each
dose group within strata defined by city, sex, and
age, and at the same time, a risk analysis,?*?
adjusted for the effect of city, sex, or age, was
conducted,

RESULTS

Stomach Cancer Incidence

Table 1 shows by age, the annual crude incidence
and relative risk of stomach cancer during 1950-77
for Hiroshima and Nagasaki combined. Stomach
cancer incidence per 100,000 persons observed
shows a tendency by age for cancer frequency to
increase with increase of dose and markedly so in
the highest dose group. The average relative risk
adjusted for city, sex, and age-group was signifi-
cantly different (P<.001) oaly in the 200+rad
group, it being 1.6 times higher than the Orad
group. When the risk was similarly observed by
city (Figure 1) and sex (Figure 2), only the
200+r1ad group revealed a highly significant
excess risk, especially in Hiroshima. There is also
evidence that the excess risk for the 200+rad
group is concentrated in the <30 ATB age-groups.

Dose-response Relationship
The average T65DR for each dose group by city
is given in a footnote to Table 1. Table 2
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TABLE 1 CRUDE ANNUAL INCIDENCE RATES AND RELATIVE RISKS OF STOMACH CANCER AMONG
HIROSHIMA AND ANGASAKI A-BOMB SURVIVORS BY AGE ATB AND DOSE, 1950-77

=1 JK%&U%%E@H@% T 3EBHEERECICERAINOTED
ERHSERRUHEE) A7, 1950—T774
T65DR in rad
Ape ATB Total
0 1-49 5099  100-199 200+
0-9 Stomach cancer 32 14 12 1 1 4
Annual incidence (X10%) 78 8.6 5.8 52 9.4 36.4
Relative risk - 1.0 N K 1.1 4.2%
Person-years (X 10%) 4107 1625 207.0 195 10.7 11.0
10-19 Stomach cancer 112 30 47 9 11 15
Annual incidence (X10%) 248 17.5 22.3 38.3 45.0 67.1
Relative risk - 1.0 1.3 2.2% 2.6%% 3.8k
Person-years (X 10%) 4524 171.3 210.8 235 244 224
20-29 Stomach cancer 147 50 65 11 8 13
Annual incidence (X 10%) 54.2 475 51.6 70.2 66.5 104.7
Relative risk - 1.0 1.1 1.5 14 2.2%*
Person-years (X 10%) 2713 1052 126.0 15.7 12.0 i24
30-39 Stomach cancer 417 176 183 19 17 22
Annual incidence (% 10%) 1439  149.8 134.7 120.0 159.2 222.9
Relative risk - 1.0 9 8 1.0 14
Person-years (X 10) 289.8  117.5 135.9 15.8 10.7 9.9
40-4% Stomach cancer 742 280 358 36 33 35
Annual incidence (X 105) 266.7 250.0 2739 235.2 298.3 384.2
Relative risk - 1.0 1.0 9 1.1 L4*
Person-years (X 10%) 2792 112.0 120.7 153 11.1 9.1
50+ Stomach cancer 705 282 345 37 22 19
Annual incidence (X 10%) 3649 3528 3739 348.3 380.8 410.4
Relative risk - 1.0 1.1 1.0 10 1.1
Person-years (X 10°) 1932 799 92.3 10.6 58 456
Total Stomach cancer 2155 832 1010 113 92 108
Anmual incidence (X10%) 1137 1112 111.9 1125 123.2 155.6
Relative risk - 1.0 1.0 1.0 1.1 1.6%%*
Person-years (X 10%) 1895.6 748.3 902.7. 100.5 747 694

Relative risk values are adjusted for city and sex and also for age in the totals.

HEY A2z, BHRUH, £HECOVTEERBIFLTLHAEEMITY 3.

NS (P>.10), Sug (P<.10), * (P<.05), ** (P<.01), *** (P<.001).

Mean dose by dose group are 0, 10.4, 70.6, 141.9, 358.6 in Hiroshima, and 0, 10.8, 70.6, 143.0, 347.1 in Nagasaki.
ARENOEHBERIEERICFWTO, 10.4, 70.6, 141.9, 358.6, HEEIZHwT 0, 10.8, 70.6, 143.0, 347.1TH 5.

summarizes the dose-response coefficients of
regression analysis using Model I and Model II,
taking into consideration the effect of age by
city and sex. Using the linear-quadratic {L-Q)
dose-response represented in Model II shows no
significant or definite contribution to stomach
cancer incidence, bui only the linear response
effect on induction of stomach cancer assumed
in Model I gives a highly or definitely significant
difference (P<.01). In Hiroshima, the dose-
response relationship suggests a significant

ZE L2 LTOEFVI LTI ERMTOBR
ERESsE2 CENTS, eFAMT LS BE—
2REEE (L-QBERREz A LREE, B8
BEANOEZELZSLVIWAELFEITD L,
EFN ] CHREL ZBRBEHENORBREDRDEH,
ECHELEER (PO EZRLAE. BBlLHL
T, BREENEFEEREOFTZLTRELEERE
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FIGURE 1 RELATIVE RISK OF STOMACH CANCER INCIDENCE BY CITY
ADIUSTED FOR SEX AND AGE, 1950-77
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4 3

NAGASAKI .~ HIROSHIMA
'd

—~— —
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*rEp < 0.001
*P 005
Sug. P < 0.1
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RADIATION DOSE GROUP

FIGURE 2 RELATIVE RISK OF STOMACH CANCER INCIDENCE BY SEX
ADJUSTED FOR CITY AND AGE, 1950-77
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TABLE 2 DOSE-RESPONSE COEFFICIENTS ESTIMATED BY CITY, SEX, AND MODEL

F2 #MH, HRUEFVAICHEL -BERBEH
Total Male Female
Items
Model I Model II Model 1 Model 11 Meodell Model 1T
Hiroshima & Nagasaki
Linear : §; x10° 1.24%+# 0.84NS 1.46%* 1.03NS 1.12%* 0.61NS
(SD) (0.28) (0.72) (0.50) (1.35) (0.36) {0.96)
Quadratic : 8, X10° 1.23N8 1.27NS 1.58NS
sD) (2.09) (3.69) .77
Hiroshima
Linear ; f;x10% 0.92+* —0.65NS 1.25% —2.41NS 0.72Sug —0.14NS
SD) (0.36) 0.77) (0.64) (1.64) (042) (0.94)
Quadratic : f, x10° 4.83* 9.94* 2.73NS
(sp) (2.34) (4.48) 297
Nagasaki
Linear : 8, x10° 1.68%* 3.07* 1724 4.648ug 1.66%% 2.12N8
(SD) (947 (1.35) (0.77) {237 (0.59) (1.66)
Quadratic : 8, x10° —4.56NS ~B8.86NS —1.43NS
(5D) (3.76) (6.39) (4.74)

The estimates of the nuisance parameters except for the linear and linear-quadratic zesponses are not included
because they are of no importance in this study. The goodness of fit is due to the Pearson’s X2 statistic with
the corresponding degrees of freedom. Note that the two groups between 0-9 and 10-19 age ATB in Nagasaki
males were combined. It is noted that all models applied here showed a good fit. Significance levels are as

in Table 1.

BBERURE-2 KBBRGER Za~H YA - 322 -OfERE, FHAL O TREERIRUZADIOHLR
Ehadhol. BEERER, HETSHHED Pearson DX2HMHM LS, EHIHISHERO ) L FHMEER
00— 9BEVN-—EHO2HI — 2T LB R TLAILEIERE TS, Z2TENENATNTOETLALOHEAES
ST ERERMY S ARABEREELILLRTLENTH S,

possibility of nonlinearity. But this significance
is only for males. On the other hand, in Nagasaki
a linear response model seems to give the best
representation for both males and females.
Therefore, from the standpoint of dose-response
evaluation overall, it appears to be reasonable to
conclude that radiation-induced stomach cancer
response is adequately described by a linear
function. Thus the average risk of stomach

cancer by sex is 1.46 per million PYR for males

(1.25 in Hiroshima and 1.72 in Nagasaki), and
1.12 per million PYR for females {0.72 in
Hiroshima and 1.66 in Nagasaki). The difference
in risk between males and females by city is not
statistically significant. The influence of age is
very strong, Since there is a possibility that there
are differences between younger and more
advanced age-groups, in their respective sensi-
tivities in dose-response effects, it may be useful

T35, LALZOHEREIBUERISVTOZED
SRBITEFRV. —F, BEECEOTIE, BREBERDG
EFAMAFBEEBLLIRLERIER T3 LEZ
5ha. Lida(, BREIGEMEm»S 43 &,
B HEEREERE L SHEREC L 0B
AN L BRIV EIFREETHZILEZS.
Iz, BEORH ) AsEEMNCEZ L, BlG
WOFASFEYAZD1.46 ([RH1.25, BIF1.72)TH D,
L1007 AE LAY 112 (BS 0.72, BI¥1.66)
Thd. ThEOHMAHROY X7 OPBLEITHEIM
CHETEW, EHOMERED TERY. FENH
LEERBL TCIGERBHRISISIR4OBR
HrRELAMEEMEL S0, % EHBNCELLT

)}
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TABLE 3 MEAN AGE AT ONSET OF STOMACH CANCER
BY AGE ATB AND DOSE

#£3 FERMRERS, BRNEHRASTHES

T65DR in rad
Age ATB Total
0 149 5099 100-199 200+
09 31.3 30.9 32.3 370 31.0 28.3
(32) (14) (12) ) (1) 4)
10-19 39.1 38.7 384 40.2 4035 40.5
(112) (0) 41N 9} (11} (15)
20-29 48.6 49.1 48.7 47.0 47.6 484
S (147) (&10)] {65) (48 3] &) (13)
30-39 58.3 58.6 58.0 574 60.9 56.8
417 (176) 183 (19 (17 (22)
4049 659 665 65.5 65.5 64.3 65.9
(742) (280) (358) (36) 33 (35)
50+ 75.0 744 755 742 75.0 -76.3
(705) (282) (345) 3D (22) (19}
Total 64.3 648 64.8 62.9 61.6 588
(2155) (832) (1010) (113) 92) (108)

Number of stomach cancer cases in each category in parentheses.
HAAOSEFREESIFI S ERER N EET.

to examine different effects using a linear dose-
response relationship, stratified by sex and age.
Review of the dose-response relationship for
stomach cancer by ATB age-group is conducted
here with respect to Model I only. The results
of regression analysis show significant radiation
effects greater than zero only in the <30 ATB
age-groups adjusted for both city and sex,
especially in the 10-19 and 20-29 ATB age-
groups. -

Average Age at Onset of Stomach Cancer

Table 3 shows average age at onset of stomach
cancer by age ATB and dose group. Little differ-
ence with increased dose can be observed in
average age at onset of stomach cancer. More-
over, for each of the ATB age-groups, comparison
of the average age at onset of stomach cancer by
dose shows mno significant difference with
increased dose. This is similarly observed to hold
for both sexes by city.

Average Period Until Onset of Cancer

Average periods from A-bomb exposure to
development of stomach cancer are shown in
Table 4 by age and dose. When the average

BEARRGEEEHA TR D REBANE L1
EMTHEI LD Lhae, BEREREINOCOTED
BEREMEFERSBEIREFLIEZ2OTOLBRE
FE5. ZORBHMFICIEHERPSHZL, BTRY
HEME LR B E R30S RMOERE, B,
10— 108R E 0— 20 HOAFOENLEFIIAEYL
BEBoREsiED 3,

BaEAE TR

FIEBE BT ER DV TRRIEERE,
BRBIIRLTw S, WEOMMIIME > BEEH
BRFER O ZITIF A FED sy, HID, &R
EMBILC, BRIOEBEFETEHES F LR
LB, ﬁ%ﬁ@iﬁﬂﬂ!:ﬁﬁﬁﬁﬁ%!ﬁﬂ&béhﬁn.
CHUMH LB AN RELTLRENTS 5.

RI5E TOFHIRE

FEREBRL,SERERTI TOTHNMEER M
RUERAIzFRAZRT. BEERETOEEHM
b, GERBEPHLEABUREENIIH NS L,
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TABLE 4 AVERAGE TIME PERIOD FROM A-BOMB EXPOSURE TO ONSET
OF STOMACH CANCER BY AGE ATB AND DOSE

#4 FRSERR, RENOFERERRES S BEEH T TORHEM

T65DR in rad
Age ATB Total
0 149 50-99 100-199 200+

09 25.1 25.1 26.8 27.0 230 19.8
10-19 234 22.6 23.0 25.2 24.6 239
20-29 23.0 23.8 22.8 215 216 23.0
30-39 224 225 223 21.0 24.6 218
4049 20.6 21.1 204 19.7 194 204
50+ 17.8 1779 18.0 174 17.5 19.6
Total 204 205 20.2 19.9 20.7 21.3

The number of stomach cancer cases in each category is given in parentheses in

Table 3.

EEF LY AHEASERIOBIMALCRT LENTH S,

periods until onset of stomach cancer are
compared with all age-group averages and
examined by dose group, the 50+ ATB age-group
seems to be the only one to consistently fall
short of the all age-group average for all dose
groups. This appears to be a competing risk
phenomenon, being due to reductions in the
50+ ATB age-group due to deaths resulting from
other causes. However, comparing these average
time periods by dose groups, there is no sug-
gestion of a tendency for the average period to
decrease with increase of dose. The average
period in the 0-9 ATB age-group appears to
decrease, it being 20 years in the 200+ rad group
as compared with 25 years in the control (0 rad)
group. Due to the paucity of cases, however,
this result is not definite. The results of follow-up
studies on the average periods compared here will
naturally show large-scale changes as time passes,
just as follow-up studies will show that the
average age at onset of stomach cancer changes.
Assuming that in future research an increase of
stomach cancer cases will be observed in the
youngest age-group that were exposed (in which
few cases of 200+ rad were detected during the
present study period), not only the average age
at the time of onset of stomach cancer, but the
average period until onset for this dose group,
as well as other groups, will definitely increase.

Pathological Observations

Of the present stomach cancer study material,
1,148 cases (53.3%) were diagnosed as having
stomach cancer based on histopathological

10
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review, These cases can be classified roughly
into two groups, namely, those in whom the
primary focus was detected and those in whom
only the infiltrative, metastatic, or local recurrent
focus could be detecied. Of these, the former,
primary focus cases, accounts for 997 cases
{(86.8%). The total of 1,148 stomach cancer
cases include 385 autopsy cases, 576 gastrectomy
cases, 36 biopsy cases, and 151 cases in whom
the primary focus could not be detected and
only the infiltrative metastatic focus or local
recurrent focus could be detected. Furthermore,
these cases include 64 cases (6 autopsy cases,
13 gastrectomy cases, 42 biopsy cases, and 3
cases with only metastatic infiltrative focus)
on whom histopathological specimens were not
available for microscopic examination, and
reference was made only to pathological diagnosis
reports. Even among the primary focus cases
detected, pathological observations of all items
were not possible on some cases. So, the number
of pathological observations varies according to
the specimen available in each case. These
cases were excluded from analysis as unexamined
cases.

Location of Stomach Cancer. Tables 5 and 6
show the major locations of tumors in the
stomach by four exposure dose groups. In Table
3, the locations are classified into three sites, i.e,,
upper part (C), middle part (M), and lower part
(A), and in Table 6 into six sites, namely, lesser
curvature (Min), ‘greater curvature {Maj), anterior
stomach wall (Ant), posterior stomach wall
(Post), circumferential area {Circ), and other.

First, observation of the frequency of cancers
by site show the highest frequency in each dose
group to be in the lower part of the stomach,
followed by the middle part, while the frequency
of the upper part is lowest for all dose groups.
By exposure dose, the frequencies for the
100-199rad group and the 200+rad group are
almost identical. On the other hand, when
classifying by six sites, the frequency of cancer
in the lesser curvature of the stomach shows up
as highest, while that of all other sites is low.
However, these particular findings are not related
to radiation dose.

Histological Type., On the basis of the General
Rules for Gastric Cancer Studies in Surgery and
Pathology, compiled by the Japanese Research
Society for Gastric Cancer,” the 997 cases in

11
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TABLE 5 LOCATION OF STOMACH CANCER (1) BY DOSE
#5 MRELBFELMA (1)

T65DR in rad
Location Total
0 199 100-199 200+
C (Upper) 135 51 68 7 9
% 13.3 121 "13.2 20.6 20.5
M (Medium) 326 143 161 9 13
% 32.1 339 31.3 26.5 295
A (Lower) 553 " 228 285 18 22
% 545 54.0 554 529 50.0
Total 1014 422 514 34 44
% 100.0 100.0 100.0 100.0 100.0
‘Fest statistic is ¥? = 4.71 with 6 degrees of freedom (P>0.10).
BEKHECERE6OX? =4.7T1TH 5 (P>0.10).
TABLE 6 LOCATION OF STOMACH CANCER (2) BY DOSE
#6 HEBEHEEHHE (2)
. T6SDR in rad
Location Total
0 1-99 100-199 200+
Min 356 143 180 17 16
% 35.1 339 350 50.0 364
Maj 70 25 39 . 0 6 .
% 6.9 59 7.6 0.0 136
Ant 146 54 77 4 11
% 144 12.8 15.0 118 25.0
Post 178 79 88 6 5
% 17.6 18.7 171 17.6 114
Cire 79 35 40 3 1
% 78 83 78 3.8 2.3
Other 185 86 90 4 5
% 18.2 204 17.5 11.8 i14
Total 1014 422 514 34 44
% 100.0 100.0 100.0 100.0 100.0

Test statistic is X2 = 19.37 with 15 degrees of freedom (P>0.10).
BRESHREZAMELSOX? =19.37T5 5 (P> 0.10).

whom the primary focus of stomach cancer was
detected were classified in advance into the
following 11 histological types: 1) papillary
adenocarcinoma, 2} well-differentiated type
tubular adenocarcinoma, 3) moderately differ-
entiated type tubular adenocarcinoma, 4) poorly
‘differentiated adenocarcinoma, 5) mucinous
adenocarcinoma, 6) signet-ring cell carcinoma,
7) adenosquamous carcinoma, 8) squamous cell
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carciroma, 9) carcinoid tumor, 10) undifferenti-
ated carcinoma, and 11) type unknown. Of
these, the type unknown group includes autopsy
cases with remarkable degeneration due to
postmortem autolysis, autopsy and surgical
resection cases for which repeat microscopic
examination of histopathological samples was
not possible, and the tumor histological types
which could not be ascertained through patho-
logical diagnosis reports.

Of the tumor histological types classified above,
papillary - adenocarcinoma, well-differentiated
type tubular adenocarcinoma, and moderately
differentiated type tubular adenocarcinoma were
reclassified as differentiated type adenocar-
cinoma; and poorly differentiated type adeno-
carcinoma and signet-ring cell carcinoma were
reclassified as poorly differentiated type adeno-
carcinoma, and adenosquamous carcinoma,
squamous cell carcinoma, carcinoid tumor, and
undifferentiated carcinoma were reclassified as
other histological types. For analysis by
exposure dose, the following five groups of
histological type were employed: 1) differ-
entiated type adenocarcinoma, 2) poorly differ-
entiated type adenocarcinoma, 3) mucinous
adenocarcinoma, 4) other histological types,
and 5) type unknown.

Table 7 shows histological types of all stomach
cancer cases for both cities combined by
exposure dose. The percentage of differentiated
type adenocarcinoma are high in the Orad group
and 1-99 rad group, showing 48.8% and 46.8%,
respectively, which exceeds the 31.5% and 35.5%
observed for poorly differentiated type adeno-
carcinoma. On the other hand, in the 100-199
and 200+rad groups, the percentage of differ-
entiated type adenocarcinoma is decreased to
17.1% and 25.9%, respectively, whereas those
for poorly differentiated type adenocarcinoma
are increased to 46.3% and 40.7%, respectively.
This finding suggests that the differentiated type
of adenocarcinoma is frequently observed in the
control and low dose groups whereas the poorly
differentiated type is seen in the high dose group.
Actually, a statistically significant relation can be
observed between the histological type group and
the dose group. As it may be assumed that the
increase in the frequency of type unknown
carcinoma cases in the 100+rad group as
compared with that in the Orad group brings
about a decrease in frequency of differentiated

13
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TABLE 7 HISTOLOGICAL TYPE OF STOMACH CANCER BY DOSE
#7 HERIEER

Radiation Dase (T65DR)
Histological type Total
0 ©1-99 100-199 200+ -
Differentiated Observed 451 189 241 7 14
adenocarcinoma % 452 48.8 46.8 171 259
Pootly differentiated QObserved 346 122 183 19 22
adenocarcinoma % 347 315 355 46.3 40.7
Mucinous adenocarcinoma Observed 57 28 21 3 5
% 5.7 7.2 4.1 1.3 9.3,
Other Observed 8 3 4 0 1
% 0.8 0.3 0.8 0.0 1.9
Type unknown Observed 135 45 66 12 i2
% 135 11.6 12.83 293 222
Total Observed 997 387 515 41 54
% 100.0 100.0 100.0 100.0 100.0

Test statistics with and without the type unknown carcinoma are X2 = 34.59 with 12 degrees of
freedom (P<.001) and Xz = 23 44 with 9 degrees of freedom (P<.01), respectively.

HENTHOBL*SH A RERTREAMEIZOX? =34.59 (P<.001) T, HEYUTHOMEEH 2 VRN

AHEINX2=23.44 (P<.01)TH 3.

type carcinoma cases, it is difficult to conclude
that a significant increase can be recognized for
the poorly differentiated type carcinoma.

It must be emphasized that the 997 cases
confirmed by autopsy, gastrectomy, and biopsy
were classified histopathologically without
knowledge of exposure dose. Accordingly, the
distribution of type unknown carcinoma cases
under each histological classification is considered
to be random, and was excluded from subsequent
analyses,

Degree of Extension of Cells Into the Gastric
Wall. Cell extension into the gastric wall by
exposure dose is classified into five stages:
1) tunica mucosa (M), 2) tela submucosa (SM),
3) tunica muscularis propria (PM), 4) tela
subserosa (88), and 5) tunica serosa (S). More
than 70% of the cases in each dose group show
extensions into the 88 and S. Thus, no statistical
differences by dose could be demonstrated
between the degree of extension into the gastric
wall.

Volume of Tumor Stroma, Stomach carcinoma
can be classified into three types: medullary,
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intermediate, and scirthous depending on the
amount of siromal connective tissue. The tumor
stroma volume can be classified by exposure
dose into two histological types: differentiated
type carcinoma and poorly differentiated type
carcinoma,
is either of the medullary type or the intermediate
type, whereas poorly differentiated type
carcinoma is mostly of the intermediate type or
scirrhous type, and the frequency of scirrhous
type is high in the 200+ dose group. There was a
tendency in both histological types for the tumor
stroma in the 200+rad group to have increased
volume, but a statistical increase for linear trend
was noted (P<.05) in the poorly differentiated
type carcinoma only,

Infiltrative Growth Pattern of Tumor. Infiltrative
(INF) growth paiterns (INFa — expansive growth
of the cancerous focus, INFS — intermediate
growth between o and 7y, and INFy — infiltrative
growth of the focus) of tumeor into its surrounding
tissue by histological type (differentiated type ot
poorly differentiated type carcinoma) and
exposure dose were examined.

Most of the differentiated type carcinoma was
of either the INFa or INFS pattern, while the
poorly differentiated type carcinoma was most
of the INFy pattern, Neither the differentiated
type nor poorly differentiated type carcinoma
showed a significant relation between INF
growth pattern and radiation dose.

Invasior into Lymph Duct and Vein and
Metastasis. The degree of invasion in the lymph
duct and vein was approximately the same and
unrelated to exposure dose. Also, presence of
metastatis to the lymph node and distant organ
was of the same rate and unrelated to exposure
dose.

Intestinal Epithelial Metaplasia of the Gastric
Mucosa, Intestinal epithelial metaplasia of the
gasitic mucosa, especially, in the gastric mucoesa
surrounding the tumor, classified by exposure
dose, histological type, and degree of differenti-
ation are given in Table 8. The frequency of
moderate-to-severe cases in each dose group of
the differentiated type was always higher than
that of none-to-mild cases. The degree of
intestinal epithelial metaplasia of the gastric
mucosa by histological type gives a significant
linear trend with increase of dose.

Most differentiated type carcinoma

15

RERF TR 12-83

iagER, Y, BEMOZOUCHHETES. WE
PR EC 4 15 R R 9 1 2 Tk BU AR & I 53 (L B oo
Zon#EBRIsE AL, SERIEDNIR LAY
EHERE S 2 vikpEEcHd, —F, BEFLE
OEETEFMBLOLEEERARESITHY,
200+ rad OMEF T IXEIERO LRI E,. L
RIS A U E e RS o wITh oS c s
T, 200-trad OFRAEECHIE B A K 08N
TAHBmERS 5, ERMEmMOEKI MM,
EAEERIFBTHERBO 515 (P <.05).

BEZoRBESmHER. RAEARCH T BEO
28 (INF ) 8 i 8 & (INFe — 8 30 [2 R 1 3EF,
INFB — a &y OHHAEN, INFY — SO
TEEEH ) 1oV CHLERRIR (5 LRI X X {E S e
BRa), BBIMBERICHIEL A

S LRI Tk INFe, INFA #, ¥ 708 57 b BURS
TRINF —7 Ak %E &5, FILLRCER b
B IR & b 12 O SR T R B R SRR o
CEEE RS 5 Rk,

VBB CICHRERE UES.
Bk~ ORBOBEIMEL L, BEERZ, DY
ZlERRTHS. EF, YoEIACIEAOEBRS
ANOEBOTERKBRE A PHY 2 (FEHET
535,

SRR Y

BEHEOR LEEE. HHBOBEELE, iz

RIS IR0 WG o i ERe s %, fEBRERALRI, A

MR UMEOBERIIRTEHEIOL I 2 3.

BB TE, vThOoBRRRCFOTLREE

LI Lo st oo s 2B LI TOERSE L D EI
Ev. BRI oS HEoR LR Ld o BE T RR

OEIMcEIAELEREEERT.



RERF TR 12-83 -

TABLE 8 MUCOSAL INTESTINAL METAPLASIA BY DOSE
#8 HENBE LR

T65DR in rad Linear trend
Histological type Mucosal mte§t1na.l Total o o~
metaplasia 0 199 100199 200+ _ D0 SE,
x10% x10%
Differentiated None to mild Observed 94 41 50 1 2
adenocarcinoma % 301 308 303 20,0 222 4.00* 1.85
Modetate to severe  Observed 218 92 115 4 7
% 699 692 697 80.0 778
Total Observed 312 133 165 5 9
% 100.0 1000 100.0 100.0 100.0
Poorly None to mild Observed 149 438 84 8 9
differentiated % 62.9 64.9 64.6 57.1 474 7.46%* (.78
adenocarcinoma Moderate to severe Observed 88 26 46 6 10
% 371 35.1 354 429 3526
Total Observed 237 74 130 14 19
% 100.0 1000 100.0 100.0 1000

The estimate of parameters from a linear trend model was obtained by a weighted least square approach.

Significant levet are as in Table 1.

BEMEEFVASDOMAF A -y —OHRZHEMERPIRECIVRDLE, BEABRFIERTEHEVTHS.

DISCUSSION

The LSS based on death certificate information
and the pathological study of autopsy cases, have
been heretofore employed in investigating the
development of stomach c¢ancer in A-bomb
survivors.'®~1¢ Epidemiologic studies of stomach
cancer in A-bomb survivors in the LSS sample
were conducted by Kato et al'® (1950-66),
Nakamural* (1950-73), and Beebe et al'?
(1950-74). The results of these studies have
indicated a significant increase in stomach cancer
mortality in the heavily exposed survivors, -1

On the other hand, pathological research on
stomach cancer includes a study by Murphy and
Yasnda®® conducted during 1948-57 using
autopsy and surgical material in Hiroshima, and
studies by Yamamoto et al**® conducted
during 1961-68, 196169, and 1961-74 using
autopsy material in Hiroshima and Nagasaki.
However, none of these pathological studies
revealed a significant corelation between
stomach cancer incidence and exposure.

As described in the introduction, a remarkable
increase in the rate of early stomach cancer

i6
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detection due to advancements achieved in
gastric diagnostics and the popularization of mass
stomach screening in Japan during the past
three decades has greatly changed the clinical
picture of stomach cancer.'” It has now become
almost impossible to_ adequately pursue the
association between A-bomb exposure and the
incidence of stomach cancer using the con-
ventional procedures of the L.8S and pathological
study alone.

In this study, aiming to make up for deficiencies
in research methods employed heretofore, the
association between A-bomb exposure and
stomach cancer was investigated using as study
subjects all cases of stomach cancer including
surgical and pathological cases and clinical cases
as well as cases identified by death certificate
or autopsy.

As a result, when the risk was corrected for the
effects of sex and age, the effects of radiation
were evident only in the 200+rad group. When
the effect of dose is reviewed in relation to
age-group, a significant increase in risk is
observed in all three age-groups under 30 ATB
who were exposed to 200+rad. However, the
risk of those in the 50+ ATB age-group is not
significant, it being 1.1, which is of the same
level as the control group. Since those who are
in the under 30 ATB age-groups are now showing
a higher incidence of stomach cancer, and are
now approaching the age of greatest cancer risk
(50-70), it will be of great interest to conduct
follow-up studies of future trends in stomach
cancer incidence.

So far, an increased frequency among A-bomb
survivors of leukemia,'™® and tumors of lung,*®
breast! thyroid,” salivary gland,®*® and
malignant lymphoma,?® and multiple myeloma®®
have been observed. The increase in incidence
of these tumors is generally observed in the
heavily exposed, 100+rad groups? ®%2%% |n
the present study, a significant increase in the
incidence of stomach cancer was also evident
in the 100+rad groups, especially 200+rad
group. This tendency was similar to those for
the other types of tumors mentioned above.

The finding that tumors develop at a high
frequency in those exposed at a young age was
pointed out by Jablon et al*’ based on their
study of the 100+rad group in Hiroshima and
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Nagasaki who were less than age 10 ATB. Also
similar findings have been reported subsequently
for leukemia?® salivary gland. tumor,8’9 and
breast cancer.’® More particularly, it has been
reported that leukemia develops at the highest
frequency in the heavily exposed group under
age 15 ATB, and salivary gland tumor in the
proximally exposed group of age 0-19 ATE,
and the highest risk of breast cancer is observed
in the 100+rad group who were age 10-19 ATB.

Based on the dose-response relationship obtained
using total kerma dose in conjunction with the
present data on the incidence of stomach cancer,
it must be stressed that the dose response of
stomach cancer development is definitely not
quadratic, but linear, at least when results based
on the T65DR are used. Ii should be noted,
however, that only the results for males in
Hiroshima suggest a quadratic dose response,
Conducting observations by age-group, a signifi-
cant linear response was observed in the 10-19
and 20-29 ATB age-groups. The 10-19 ATB
age-group showed the most significant increase
in risk, but their estimated risks of stomach
cancer adjusted for both city and sex were 1.5
and 1.7 per million PYR, respectively. These
values, as compared with 1.2, the average risk
adjusted for all city-sex-age factors, indicate
that the younger ATB age-groups have a higher
risk per million PYR. Furthermore, the 0-9 ATB
age-group, only a part of whom are now reaching
the age of higher cancer risk, were still 32-4%
years of age at the time of the 1977 survey, and
a significant linear response could not be
observed at that time. The dose response for this
younger age-group will become known through
follow-up studies continued on the fixed
population.

Sites of stomach cancer are similar regardiess of
dose, with the frequency being highest in the
lower-to-middle portions, especially on the
lesser curvature, ' The same finding had been
reported by Yamamoto et al,'* and the above
locations generally correspond with the main

locations of tumers in typical stomach cancer
cases, 1128-30

In the present analysis of stomach cancer
by histological type, classification was made
roughly into five types: 1) differentiated type
adenocarcinoma, 2) poorly differentiated type
adenocarcinoma, 3) mucinous adenocarcinoma,
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4) other histological types, and 3) type unknown,

There was a tendency in the 200+rad group for
the frequency of poorly differentiated type
adenocarcinoma to increase, while on the other
hand, the differentiated type adenocarcinoma
decreased.  However, since ibere was good
agreement between the observed and expected
number of the poorly differentiated type, it
could not be concluded that there is a significant
relationship between dose and histological type,
because the possibility exists that the decrease
in the frequency of differentiated type cases is
due to the increase in the frequency of type
unknown ones.

Generally, the radiation-induced cancers develop-
ing among A-bomb survivors have failed to
exhibit predominance of any specific histological
type for leukemia, breast cancer, and salivary
gland tumors.!™»%%%  The exception is lung
cancer, in which there has been shown to be
a high frequency of small cell carcinoma.®®
Accordingly, it is considered necessary that a
larger number of cases be accumulated in the
future, so that a more comprehensive review can
be made of histological types of stomach cancer.

Intestinal epithélial metaplasia is considered
important as the mother tissue of stomach cancer,
especially in the case of differentiated type
carcinoma.*®?1*? However, pathological studies
of stomach cancer in A-bomb survivors conducted
heretofore have made no mention of the degree
of intestinal epithelial metaplasia. It is assumed
that this is probably because the degree of
intestinal epithelial metaplasia could not be
determined due to the severe postmortem
degeneration of the autopsy material.

The present study revealed that the degree of
intestinal epithelial metaplasia is greater and its
frequency is higher in the differentiated than
poorly differentiated type carcinoma. This
finding supports the theory that differentiated
type carcinoma develops from intestinal epithelial
metaplastic mucosa as its mother tissue. Review
of cases of various histological types by exposure
dose demonstrated a significant trend only in
the degree of intestinal epithelial metaplasia.
That is, there was evidence that the degree in
intestinal epithelial metaplasia increases with
dose.
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In the continued interest of accurately defining the late effects of the atomic bombs, the qualitative and
quantitative characteristics of the A-bomb radigtion exposure doses are periodically refined. If warranted by
future dose assessments, the data reported here will be reanalyzed and subsequently reported.
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