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SUMMARY

A study was made of the relation to atomic
bomb radiation of 535 cases of gastric carcinoma
among 4,694 deaths occurring in a fixed popula-
tion of Hiroshima and Nagasaki who were
autopsied between 1961 and 1974. The pro-
portion of all autopsies with gastric carcinoma as
autopsy diagnosis tended to be high in the high
dose group, but it could not be concluded with
the present amount of information that there is
a relation between gastric carcinoma and radia-
tion in this autopsy study. Although no specific
distribution of the histological types of gastric
carcinoma was noted by radiation dose, the
data indicated increases in the degree of extension
of tumor cells in the gastric wall and the degree
of metastasis to the lymph nodes secemed to be
high in the high dose group.

INTRODUCTION

It is well known that radiation has carcinogenic
effects, and increased frequencies have been
demonstrated in the A-bomb survivors of
Hiroshima and Nagasaki for such malignancies
as leukemia, thyroid cancer, lung cancer, breast
cancer, and salivary gland tumor.!™ The
question of the involvement of A-bomb radiation
in the development of gastric carcinoma in the
survivors is of great significance because of its
high prevalence in the Japanese. A study of
gastric carcinoma in A-bomb survivors was made
earier by Murphy and Yasuda® Yamamoto
et al,” and Yamamoto and Kato® studied the
relation to A-bomb radiation of gastric carcinoma
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cases autopsied in Hiroshima and Nagasaki
between 1961 and 1968, but found no definite
relation between gastric carcinoma and A-bomb
radiation, neither in the proportion of all
autopsies with this malignandy as autopsy
diagnosis nor in histological characteristics.

Recently, Beebe et al’ reported a relation
between gastric carcinoma mortality and A-bomb
radiation in a study based on death certificates
for Hiroshima and Nagasaki. However, the
autopsy confirmation rate for death certificate
diagnoses of gastric carcinoma occuiring in a
fixed population of Hiroshima and Nagasaki
was 83.9%,'° a discrepancy of 16.1% in the
death certificate diagnoses.

To ascertain whether there is any relation to
A-bomb radiation of gastric carcinoma observed
at autopsy, the cases that were seen in a fixed
population of Hiroshima and Nagasaki between
1961 and 1974 were reviewed in addition to
those reported previously.

SAMPLE AND METHOD

In 1960, to study the late effects of the atomic
bombs, ABCC (now RERF) in collaboration
with INIH established the fixed population Life
Span Study {(L$8) sample of some 100,000
members in Hiroshima and Nagasaki. This
sample, on which many reports have been made,
is a specially selected fixed population of A-bomb
survivors and their controls.! The LSS sample
autopsy caseés constitute a part or subgroup of
all deaths occurring in that sample. Autopsies at
Hiroshima and Nagasaki ABCC-INIH between
1961 and 1974 numbered 4,694, of which 535
were gastric carcinoma ({Hiroshima 442 and
Nagasaki 93) — an increase of 209 cases since
the previous report.’ Cases with pastric
carcinoma as the principal pathological diagnosis
or as contributory or accessory diagnosis were
used in this study, but excluded were post-
gastrectomy cases which preclude histological
confirmation even though they were diagnosed
as gastric carcinoma clinically.

A study was made of the relationship of radiation

dose to the proportion of gastric carcinoma’

autopsy cases to all autopsy cases; histological
types of gastric carcinoma; degree of extension
of the tumor in the various layers of the gastric
wall (mucosal layer, submucosal layer, muscular
layer, subserosal layer, serosal layer); metastasis
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TABLE 1 AUTOPSY RATE FOR ALL CAUSES AND FOR DEATH FROM GASTRIC CARCINOMA
REPORTED ON DEATH CERTIFICATE AS UNDERLYING CAUSES BY RADIATION DOSE

£1 BHKRBrHCZHSCRNREATUIEREFFTETH - L0D08KE, HAR

Radiation Dose in rad

Total 0 1-99 100-199 200-299 300+ NIC Unk.
Autopsy rate for all causes (%) 31.7 301 35.2 38.9 424 434 27.1 36.0
Deaths autopsied for all causes 4694 1485 1788 155 5 92 1028 71

Autopsy rate for gastric carcinoma (%) 36.3 343
Deaths autopsied for gastric careinoma 429 141

38.7 42.9 42.9 29.2 36.0 3.2
142 12 6 7 i16 5

NIC: Not-in-city at the time of the A-bomb
FEBHArC s oL O

of the tumor to various organs and lymph nodes;
mucus production as a functional expression of
cancer cells, etc. Because there is no histological
classification of gastric carcinoma that is common
to all countries of the world, the authors have
based theirs on the classification of Ootal?
which is representative in Japan, and on the
simple classification criteria of Lauren.'®> The
degree of mucus production was classified into
four grades, ranging from high production with
evidence of mucus retention to production of an
extent that no mucus producing cells (signet-ring
cells) could be observed.

For the frequency of diseases found in the
autopsy cases to be regarded as estimates of the
frequency in the LSS sample, there should be no
bias of the autopsy cases from deaths occurring
in that sample with regard to all factors
including sex, age, exposure dose, and disease.
The absence of such biases becomes especially
important when the autopsy rate is low. When
the proportion of gastric carcinoma deaths that
are autopsied, by radiation dose, is relatively the
same as the proportion of all autopsied deaths
by dose, there is presumed to be no bias by
radiation dose.

Table 1 shows by radiation dose for the period
1961-74 the autopsy rates for all causes in the
LSS sample and the autopsy rates for gastric
carcinoma given as the underlying cause of
death in death certificates. The autopsy rates
for all causes increased with dose, however,
those for gastric carcinoma showed a different
tendency with the same rates in both the 0-99

Unk.: Unknown

e
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and 100+ rad dose groups. Whereas the autopsy
rates for all causes are not equal by radiation
dose, these rates for gastric carcinoma are not in
proportion to those for all causes. Therefore, it
can be considered that in the gaStric carcinoma
autopsy cases there is a bias between the dose
groups related to disease.

The true relation of gastric carcinoma to radia-
tion cannot be seen in this case merely by
making a dose-specific study of "the crude
proportion of all autopsies with gastric carcinoma
as autopsy diagnosis. Thus, in the present study,
a “corrected” proportion of gastric carcinoma
was also calculated by the following formula to
counteract this bias:

100rad MU EB I CRARETCES. SHBBEHL
Blic—#Ta v, BEEARIEAERE
LTwdy., 2aksd, BEERMAIITRARRMNI
EHIZLERIFESLEENS.

ZOBRE, BCERMBAo RIS 5%
AAEBBRMNCEBETIATTIE, HORH LK
BB OBERS A EHFTERY, 22T, KR
TRHIMRYERBETS—HiEL LT, TEOHAXZ
AWITEREERSLHEB L L.

Dy
D
aX
21
A
a: number of cases that were gastric

carcinoma both by autopsy and by
death certificate

b: number of gastric carcinoma cases
detected for the first time by autopsy

D,: number of deaths derived from death
certificates with gastric carcinoma given
as the cause of death

D,: number of deaths derived from death
certificates with other than gastric
carcinoma given as the cause of death

D: Dl + D'Z

Ay: number of autopsy cases with gastric
carcinoma given as cause of death in the
death certificate

A, : number- of autopsy cases with gastric
carcinoma not given as cause of death
in the death certificate

A A]_ 'l'Az

For all autopsies (A} to be a random subgroup
for diseases in all deaths (D), the proportion of

a: HBIRTHLHHCBH T TLEETH- L
i

b:  #ECE0MOTROEEN L FHER

D,: FLBHEOHHH

D,: FECRH &0 TR OFEL K

D: D,+D,

A: HEBHBFERTH-LLNORRE

Ay: FELBESAHETLI L 0ORI M

A: A +A,

#lkE L (A) FRECHEE(D) nEENRBECRET



D; (gastric carcinoma in death certificates} in D
should be equal to the proportion of Ay
(autopsied gastric carcinoma in death certificates)
in A,

D,/D / Aj/A is the correction term when A is
not 4 random sample of D. When D; /D= A, /A,
that is when A is a random subgroup of D, 2
“corrected proportion” is identical to the hereto-

s a-t
fore employed crude proportion

The T65D estimates in rad were used as the
A-bomb radiation dose.’® Individual exposure
doses have been calculated for almost the entire
fixed population from the air dose, taking into
consideration the various shielding configurations.
Few pastric carcinoma cases were exposed fo
high doses and those with 200+ rad in particular
numbered only 19 in Hiroshima and Nagasaki
combined. Therefore, those exposed to 100+
rad were used as the high dose group in the
analysis of the pathological findings (degree of
tumor extension, metastasis, mucus production).

RESULTS

Proportion of All Autopsies with Gastric
Carcinoma as Autopsy Diagnosis

The crude proportions of all autopsies with
gastric carcinoma as autopsy diagnosis were
studied by radiation dose and city for the 535
cases of gastric carcinoma (Table 2A, Figure 1).
The 200-299 rad group of the two cities combin-
ed, the 200-299 rad group of Hiroshima, and the
300+ rad group of Nagasaki showed higher crude
proportions than the 0 rad group, but without
statistically significant difference. Compared
with the relation between crude proportion of
gastric carcinoma and radiation dose, a corrected
proportion of gastric carcinoma had a marked
tendency to be higher in the high dose group
than in the low dose group (Table 2B). This
tendency was remarkable especially in Nagasaki,
where a statistically significant difference was
noted in a corrected gastric carcinoma proportion
between the 0 rad and the 200+ rad groups
(P < 0.05). However, this finding might have
occurred due to the small number of gastric
carcinoma cases (6) in the latter group. A
study by sex revealed the same finding.

The relative risks of gastric carcinoma in the
200+ rad versus 0 rad group were calculated by
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FIGURE 1 PROPORTION OF GASTRIC CARCINOMA AMONG
ALL AUTOPSIES BY RADIATION DOSE & CITY
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TABLE 2 PROPORTION OF ALL AUTOPSIES WITH GASTRIC CARCINOMA FOUND AT AUTOPSY
& CORRECTED PROPORTION OF GASTRIC CARCINOMA BY RADIATION DOSE & CITY
F2 HBRTHDONAFEAOSHRALLHTIHESF LUTEERERAG,
St & K BB

Radiation Dose (rad)

Total 0 1-99 100-19% 200-299 300+ 200+  NIC Unk.

A. Proportion of All Autopsies with Gastric Carcinoma

Total 114 116 10.5 9.1 13.5 9.8 11.4 13.2 9.8
(535) (172) (187 (14) (10) %) (19) (136) {7
Hiroshima 12.0 12.1 11.2 10.5 18.1 7.6 11.8 13.3 7.2
(442) (159) (146) (in (8 (5) (13) (110) 3
Nagasaki 9.3 1.3 8.5 6.1 6.7 14.7 10.7 12.7 13.0
(93 (13 (4D (3 (2 4) (6 ( 26) 4
B. Corrected Proportion
Total 10.5  10.6 9.9 8.4 13.3 12.3 i2.8 11.0 10.3
Hiroshima 11.1 11.2 10.7 9.5 164 9.3 122 11.5 7.5
Nagasaki 8.3 6.5 7.8 6.7 9.6 213 15.2 9.0 14.2

{ ) Gastric carcinoma found on autopsy.
HRTRHL R AEHEHH
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TABLE 3 RELATIVE RISK (200+ rad [ 0 rad) & RELATIVE RISK BASED ON
CORRECTED PROPORTION OF GASTRIC CARCINOMA BY AGE ATB & PERIQD
#3 EROMMSHERE(200rad ik /0 rad) & L THERBEEIC
o BEoMESERE, FRIFEGS L R

Period
Age ATB
Total 1961-64 196568 1969-74
A. Relative Risk
Total 0.98 1.4 0.80 0.90
(1% 6 (6) 4]
<40 0.83 0.0 0.66 1.2
(6 0 (2} 4)
4049 0.55 1.1 0.48 0.0
(3 2 (1 (1)
50+ 14 2.5 1.2 0.99
(10} 4 3 €))
B. Relative Risk based on Corrected Proportion
Total 1.2 1.9 0.90 1.1
<40 1.2 0.0 1.1 1.3
4049 0.73 14 043 0.0
50+ 1.6 24 1.3 0.96

{ }: Gastric carcinoma in 200+ rad group.

age at time of bomb (ATB) and period of death,
based on crude and corrected proportions
(Table 3). Although the relative risk based on
corrected proportion showed higher values than
that based on crude proportion, they showed
similar tendencies as to changes by age ATB and
period of death. By age ATB, the relative risk
was the highest in the 50+ group and the lowest
in the 4049 group. By period of death, the
relative risk was the highest in the 1961-64
group. The relative risk was high in the period
1969-74 in the less than 40 group ATB and it
was high in the period 1961-64 in the 40-49
group and the 50+ group. Suggestive findings
were obtained for the 50+ group in statistical
tests of a corrected proportion in a comparison
between the 0 rad group and the 200+ rad group.
However, for the period 1961-64 no statistically
significant difference was noted in the proportion
of gastric carcinoma between the 0 rad and the
200+ rad groups.

Histological Classification of Gastric Carcinoma

A study of the distribution by radiation dose of
the histologic types of gastric carcinoma as
classified by Qota’s criteria revealed a tendency
for the tubular medullary type, scirrhous type,
and muconodular type to occur more frequently
in the high dose group than in the low dose
group, but no statistically significant difference
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TABLE 4 DISTRIBUTION OF GASTRIC CARCINOMA BY HISTOLOGIC TYFE & RADIATION DOSE

A. Histologic type Qota'?

#4 FEOHESLSME, WMEH

Radiation Papillar bu . . - - deno-
DZs;a (rad) Total tugulary n’f:m&zy Acinous  Scirthous cehfll::l::r r?ggf:i)ar ac}::mthoma Other
Total No, 535 48 157 23 132 39 35 9 92
% 100.0 9.0 29.3 4.3 24.7 7.3 6.5 1.7 17.2
0 No. 172 13 49 10 30 15 13 4 38
% 100.0 7.6 28.5 5.8 174 8.7 1.6 2.3 22.1
1-99 No. 187 26 55 6 48 15 6 4 27
% 100.0 13.9 294 32 25.7 8.0 3.2 2.1 14.4
100- No. 14 1 7 1 2 - 1 - 2
199 ¢ 100.0 7.1 50.0 7.1 14.3 7.1 143
200+ No. 19 1 6 - 5 1 3 - 3
% 100.0 53 31.6 263 5.3 158 15.8
NIC No. 136 7 40 4 44 8 11 1 21
% 100.0 5.1 29.4 2.9 324 59 8.1 0.7 154
Unk. No. 7 - - 2 3 - 1 - 1
% 100.0 28.6 42.9 14.3 14.3
B. Histologic type Lauren®
gz‘::‘g;’g) Total  Intestinal  Diffuse Mixed  Other
Total Ne. 535 221 211 19 84
% 100.0 41.3 39.4 36 15.7
0 No. 172 68 61 8 35
% 100.0 39.5 355 4.7 20.3
i- 99 No. 187 82 75 6 24
% 100.0 43.9 40.1 3.2 12.8
100-199 No, 14 6 4 2 2
% 100.0 42.9 28.6 14.3 14.3
200 + No. 19 7 9 - 3
% 100.0 36.8 47.4 15.8
NIC No. 136 56 58 3 19
% 100.0 41.2 42.6 2.2 14.0
Unknown  No. 7 2 4 - 1
% 100.0 28.6 571 14.3

was found (Table 4A). A similar study of
distribution by dose using Lauren’s classification
showed no difference in the distribution of the
intestinal type and the diffuse type (Table 4B).
From simply a morphological point of view, the
tubular medullary type and scirrhous type by
Qota’s classification generally equate with the
intestinal type and diffuse type by Lauren’s
classification.

Degree of Extension of Gastric Carcinoma

The degree of extension of gastric carcinoma
was studied by radiation dose and histological
type using Oota’s classification (Table 5).

HEtmhEEEE B Ao (F4A), £/, Lauren
OFBIC LN EROBENSHES B &, Rt
LE2BER AR O HOEREL SR LW
(£4B). BUBEENBR S L3, KHO
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TABLE 5 EXTENSION BY RADIATION DOSE AND HISTOLOGIC TYPE
#5 HOERE, BRits S UL

Degree of Extension

Histologic  Radiation Dose .
Type in rad Total Rg:;ﬁ?g?; a.]].ln Lymph Channel  Blood Vessel
Total Total No. 446 46 238 162
% 100.0 10.3 53.4 36.2
0 No. 134 16 75 43
% 100.0 11.9 56.0 32.1
1-99 No. 162 21 85 56
% 100.0 13.0 525 34.6
100+ No. 28 - 17 11
% 100.0 60.7 39.3
NIC No. 116 9 56 51
% 100.0 7.8 48.3 44.0
Unk. No. 3 - 5 1
% 100.0 83.3 16.7
Tubular Total No. 157 28 81 48
medullary % 100.0 17.8 51.6 30.6
0 No. 49 10 27 12
% 100.0 204 551 245
199 No. 55 13 26 i6
% 100.0 236 47.3 29.1
100+ No. 13 - 9 4
% 100.0 69.2 30.8
NIC No, 40 5 19 16
% 100.0 12.5 47.5 40.0
Unk. No. - - - -
%
Scirrhous  Total No. 132 2 82 48
% 100.0 1.5 62.1 364
0 No. 30 - 20 10
% 100.0 66.7 333
1-99 No. 48 2 31 15
% 100.0 4.2 64.6 31.3
100+ No. 7 = 4 3
% 100.0 57.1 429
NIC No. 44 - 24 20
% 100.0 545 45.5
Unk. No. 3 - 3 -
% 100.0 100.0

Whereas extension was noted to have been
restricted to ome of the layers of the gastric
wall in 11.9% of the cases in the 0 rad group, it
was found to have extended to all layers of the
gastric wall in all cases in the 100+ rad group.
This tendency was seen in all cases of gastric
carcinoma and in the cases of tubular medullary
type. This difference in the degree of extension
between the 0 rad group and the 100+ rad group
is statistically significant. The scirrhous type

Bl (5). 0 rad BTRBEAOVTLAD
BIEzoTwai ol 9%&5R50IIHL T,
00rad W PR efiredRmcEELT
wa, ZofamRegEAcsech, bR
EWRIOLOIZLLHEENS. Z0 0 rad BEE 100 rad B
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TABLE 6 DISTRIBUTION OF THE NUMBER OF METASTASIS SITE TO LYMPH NODE
BY RADIATION DOSE AND HISTOLOGIC TYPE

£56 WEBOHoLY ¥ AHOBMHONTE, Rty & BT

Number of Metastasis Site

Histologic Radiatibn Dose
Type in rad Total 0 1-2 3+ 1+*
Total Total No. 535 132 276 127 403
% 100.0 24.7 51.6 23.7 75.3
v} No. 172 43 88 41 129
% 100.0 25.0 51.2 23.8 75.0
1-99 No. 187 50 99 38 137
% 100.0 26.7 52.9 20.3 73.3
100+ No. 33 8 12 13 25
% 100.0 242 36.4 394 75.8
NIC No. 136 29 73 34 107
% 100.0 21.3 53.7 25.0 78.7
Unk, No. 7 2 4 1 5
% 100.0 28.6 571 14.3 714
Tubular Total No. 157 45 75 37 112
medullary % 100.0 28.7 47.8 23.6 71.3
0 No. 49 14 23 12 35
% 100.0 28.6 46.9 24.5 714
1-99 No. 55 20 25 10 35
% 100.0 36.4 45.5 18.2 63.6
100+  No. 13 2 4 7 11
% 100.0 154 30.8 538 84.6
NIC No. 40 9 23 8 31
% 100.0 225 57.5 20.0 77.5
Unk. No. - - - - -
Scirrhous Total No. 132 20 78 34 112
% 100.0 15.2 59.1 258 84.8
0 No. 30 4 19 7 26
% 100.0 13.3 63.3 23.3 86.7
199 No. 43 8 28 12 40
% 100.0 16.7 58.3 25.0 283.3
100+ No. 7 3 2 2 4
% 100.0 429 28.6 28.6 571
NIC No. 44 4 28 12 40
% 100.0 9.1 63.6 213 90.0
Unk. No. 3 1 1 1 2
% 100.0 33.3 33.3 33.3 66.6

*Metastasis to more than one site. 1EAT L E oS~ 0EE

showed extension to all layers of the gastric wall 5h3
in all cases even in the 0 rad group.

1

Metastasis of Gastric Carcinoma SHEOES

The number of sites of lymph nodes with

metastasis of the carcinoma was examined by SRR, ASRNCEEROS .Y YO
radiation dose and histological type (Table 6). WA s (£6). 1ERULEOERERLA
The proportion of the cases presenting metastasis i

to one or more sites among all gastric carcinoma HOFE L EERHACE T O rad BTIE75.0%,

cases was 75.0% in the 0 rad group, not different
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TABLE 7 DISTRIBUTION OF THE NUMBER OF METASTASIS TO ORGAN
BY RADIATION DOSE AND HISTOLOGIC TYPE

#£7 HERESOSH, REH L UHEERSR

RERF TR 3-78

Histologic Radiation Dose Number of Metastasis
Type inrad Total 0 1-3 4-6 7+ 1+*
Total Total No. 535 127 205 134 69 408
% 100.0 237 383 25.1 129 76.3
0 No. 172 39 67 47 19 133,
% 100.0 227 39.0 27.3 11.1 77.3
1-99 No. 187 52 69 37 29 135
% 100.0 278 36.9 198 15.5 72.2
100+  No. 33 4 17 7 5 29
% 100.0 12.1 51.5 21.2 15.2 87.9
NIC  No. 136 30 50 40 16 106
% 100.0 221 368 29.4 1.8 77.9
Unk.  No. 7 2 2 3 - 5
% 100.0 28.6 28.6 42.9 71.4
Tubular Total  No. 157 49 64 27 17 108
medullary % 100.0 312 408 17.2 10.8 68.8
) 0 No. 49 14 21 8 6 35 .
% 100.0 28.6 42.9 16.3 12.2 714
199  No. 55 23 21 6 5 32
% 100.0 418 382 10.9 9.1 58.2
100+ No. 13 1 6 4 2 12
% 100.0 YN 46.2 308 154 92.3
NIC No. 40 11 16 g 4 29
% 100.0 2715 40.0 225 10.0 72.5
Unk. No. - - - - - -
%
Scirrhous Total No. 132 17 44 48 23 115
% 100.0 129 333 36.4 174 87.1
0 No. 30 3 10 15 2 27
% 100.0 10.0 333 50.0 6.7 90.0
1-99 No, 48 6 17 14 11 42
% 100.0 125 354 292 22.9 87.5
100+ No. 7 1. 3 1 2 6
% 100.0 14.3 42.9 14.3 28.6 85.7
NIC  No. 44 6 13 17 8 38
% 100.0 13.6 29.5 38.6 18.2 86.4
Unk. No. 3 i i 1 - 2
% 100.0 333 33.3 333 66.7

*Merastasis to more than one organ.

from that in the 100+ rad group with 75.8%.
By histological type the proportions were 71.4%
and 84.6% respectively for the tubular medullary
type. Although the proportion was thus higher
in the 100+ rad group, the difference was not
statistically significant. The scirrhous type also
showed no tendency for the proportion to be
higher in the high dose group in a comparison
between the O rad and the 100+ rad groups.

1EAL LOESE~OES

100 rad L) LB TIE75.8% £ Ei v, HMAR
HTHHBBRERN TCE 2R TN7.4%, 84.6% ¢
1W00rad PLEBRIF Y, O E2FEELILL,
BHEMUTH0radBEI0 rad LBz OMIZHE
BERCZVELIEEE LML,

11
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TABLE 8 MUCUS PRODUCTICN BY HISTOLOGIC TYPE (LAUREN) AND RADIATION DOSE
#8 MWEEE, R (Lauren ) 5 EURRER

Radiation Dose Intestinal Diffuse
in rad Total 1* 2 3 4 Total 1* 2 3 4
Total No. 221 24 15 63 119 211 19 90 70 32
% 100.0 10.9 6.8 285 538 100.0 9.0 42,7 332 152
0 No. 68 12 4 20 32 61 5 33 17 6
% 100.0 176 59 294 471 100.0 8.2 541 279 9.8
199 No. 82 2 8 21 51 75 7 30 28 10
% 100.0 24 98 256 622 100.0 9.3 40.0 373 133
100+ No. 13 2 1 6 4 i3 1 7 2 3
% 100.0 154 79 462 308 100.0 7.7 538 154 231
NIC No. 56 7 2 16 31 58 6 18 21 13
% 100.0 12.5 36 28,6 554 100.0 10.3 31.0 362 224
Unk. No. 2 1 - - 1 4 — 2 2 -
% 100.0 50.0 50.0 100.0 50.0 50.0

*1 . Mucus pools; 2 — Signet cells, many; 3 — Signet cells, few; 4 — Signet cells, none.

Wi — A F 8

Examination by radiation dose of the distribution
of cases with metastasis to lymph nodes of one
or more showed that 68.2% presented metastasis
to one or two sites and 31.8% to three or more
sitesin the O rad group, and that 48.0% presented
metastasis to one or two sites and 52.0% to
three or more sites in the 100+ rad group; there
being more cases with metastasis to the lymph
nodes of three or more sites in the 100+ rad
group. This tendency was seen for both the
tubular medullary type and the scirrhous type.

A similar examination by radiation dose and
histological type of metastasis of pgastric
carcinoma to various organs revealed a high
metastasis rate in the 100+ rad group, with
metastasis to one or more sites in 77.3% of all
gastric carcinoma cases in the 0 rad group and in
87.9% in the 100+ rad group (Table 7). This
tendency was also noted for the tubular
medullary type, but not for the scirrhous type,
and the difference was not statistically significant.
In the cases with metastasis to one or more
organs, no difference was noted by radiation
dose in the number of organs with metastasis.

Mucus Production of Gastric Carcinoma

The relation of radiation dose to mucus
production was studied by histological type
using Lauren’s classification (Table 8). Cases of
the intestinal type with no signet-ring cells
accounted for 30.8% in the high dose group
exposed to 100+ rad, lower than the 47.1% in

MR 4 ffa 0 &%
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ENIm#Ela S L

1ATELED ) ¥ HEICER L T WA RO E K
HHBIASE, 0rad BT~ 200G
#68.2%, 3IMWATLN131.8%, 100rvad LIERTH
1— 2f5FT48.0%, 38Tl E52.0% & 100 rad L)
LB agRN IOy S EEBE SR THIAE D
COEEEEHEREY, BEY0onhizy
o (7

7.

B, HEBERE, MR CENE~0EH
EREHDE, EEEMNT—>OBBL LIERE
HAOR0 rad TT7.3%, 100 rad LLEB T
87.9% 7 100 rad Ll LB SR RmR R A (#7).
ZOMFE I ERIRE RN L W S h A, BRI
BaEBLLSLY, FOERHEMIFEREEE, 1
IRSBUFESLTwIHT, SERE SIS -
BR-UIAZRIBD G 2.

BEOHEBELE

Lauren 8 R 5B EA ICHBELEE RT3
HEHROBEEA 2 (#8). IBERTIH100rad
DloEsBHcHlBRAROL 5 EIIE30.8%,
0 rad Bo4a7.1% Iz LTy, BBTTEERR



the 0 rad group. The diffuse type with no
signet-ring cells accounted for 23.1% in the high
dose group, higher than the 9.8% in the 0 rad
group. Though similar tendencies were not
evident for the intestinal type and the diffuse
type, in neither case was a statistically significant
difference found,

DISCUSSION

Recent studies based on death certificates have
affirmed a relation between A-bomb radiation
and gastric carcinoma.’ The data suggest that
relatively large radiation doses might be required
to clearly elevate the frequency of stomach
carcinoma. Nakamura!®* made a detailed
analysis of the high dose range concerning death
certificates in the LSS sample 1950-73, Hiroshima
and Nagasaki. His report sugpests that the
“humped’” dose response curve for the mortality
rate from stomach carcinoma in Hiroshima,
which peaked at 400-499 rad and then declined,
may reflect true dose response obfuscated by
artifacts related to the compilation of the
radiation dose estimates. In. Nagasaki, the
effects of radiation on stomach cancer mortality
were not clear. However, no definite relation
could be seen between A-bomb radiation and
gastric carcinoma in the present study of autopsy
cases including the cases of the previous study,
although findings of some relation to radiation
were obtained for the proportion of gastric
carcinoma, degree of extension and metastasis.

Regarding the difference between the results of
the death certificate study and those based on
autopsy cases, the following two points can be
considered:

1) There is a limit to the reliability of the
diagnosis of gastric carcinoma given in death
certificates. For example, in this study the
confirmation rate at autopsy for gastric
carcinoma reported on death certificates was
83%, and 66.5% of the gastric carcinomas
found at autopsy had been diagnosed as such
.on the death certificates. But study is
possible on all ¢ases of death occurring in the
LSS sample.

2) Reliability of diagnosis is high in the
study based on autopsy cases, but the autopsy
study group is not representative of all deaths
occurring in the study sample. The probability
that a given death will result in autopsy

13
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BTHBEHEREORShEWHIZ23.1%T 0 rad 0
9.8% Il L TEy, IBER, BERCEUMEEH
Avohand, wFhichwTbHEHMNEEERER

R (XA RN

# =B

R OFEL B2 L2 HEME? T, BEERH
HrE@mENBEIEEESRATV S, IO,
EBREOREFEECAAL LR XED S L0 DT
MEREOREEPBETHEIILEREL T3,
hiE S (35S - EMO190—T3F0RaREdRE
DECRFELL &0, SERBEESEIIOVWTE#
MaEMin e, 7O#R, LBEOBERIZL3IE
CEHEO[Z 458 ofRE AT 400— 499 rad £
-2 X LT FRLTWAY, Zhia#BgRots
DFICASHCRARI S > A HEOBREEHEE
RKtahbt LhinleE#RWLTV S, RETH
MEBOBRTCRAORBIEHL 2 TREIo L.
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A, WREICEHBRAREERLOMGRERVET
ZEHFTELEDILE.

s s B - AEER LSRRI X 58
HEEOMHBEICOWTE, ZOHEABELTRO 2EN
#i6h5.

1) FEC Bk B WO BT 1 R L
R S5, &2, EFEILEWT, L
B EOBEFBETH >4 bOOMRIZE S
B 1E83%, HRTHEAERENLL DO
66.5% 1 FEC BT HOBW L AMTH 2. L
L, #HHEESEEO2ECHE Iz >V THF
THTH 5.
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FIGURE 2
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depends upon the diagnosis on the death
certificate, the person’s age, and the radiation
dose received.

From Table 1, it can be seen that the autopsy
rate for cases with death certificate diagnoses of
gastric carcinoma is the same for both the 0-99
rad and 100+ rad dose groups, whereas the
autopsy rate for all causes in the higher dose
group is 25% greater than the low dose group.
This explains the lowered crude proportion of
all autopsies with gastric carcinoma as aufopsy
diagnosis in the high dose group. Since neither
the death certificate nor autopsy data are free
from errors (the first suffers from confirmation
and detection errors, the second from a selective
bias), a “‘corrected” proportion which combines
the information from both sources was used in
the analysis of the present study, but the
relation between radiation dose and the autopsy
diagnosed cases of gastric carcinoma could not
be clarified. Incidentally, the corrected mortality
rate by gastric carcinoma based on death
certificates with reference made also to the
autopsy diagnosis, shows a relation to radiation
dose and high rates at high doses {Figure 2).
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The numerical expression for the calculation of
the corrected mortality rate for gastric carcinoma
is: '

D, X2+D, X2
Corrected mortality rate: Ay A,
N

N: total number of population

a, b, Ay, Ay, Dy, D; (see Sample and Method)

This rate shows higher values than the crude
mortality rate because gastric carcinomas given
as the secondary lesion as well as the primaty
diagnosis were accepted as autopsy cases in this
analysis. Autopsy cases whose gastric carcinoma
had been surgically removed and for which the
diagnosis could not be histologically confirmed
were excluded, This might result in an under-
estimation of true frequency. It is difficult to
explain the difference in the proportion of
gastric carcinoma in relation to radiation dose
noted between Hiroshima and Nagasaki other
than to say that it may be related to different
demographic or other intrinsic factors. Generally,
it is well known that age is involved in the
development of tumors. The relative risk (200+
rad/0 rad) was high for gastric carcinoma in
those who were aged 50+ years ATB in the
period 1961-64, and the risk declined subsequent-
ly. However, for those under age 40 ATB, the
relative risk was highest in the period 1969-74.
Although nothing definite can be said solely on
this basis, it may be that the carcinogenic
effect of radiation is not clearly manifested
until the cancer age is attained. The finding in
the present study of a statistically significant
greater degree of extension of gastric carcinoma
cells in the gastric wall and a slightly increased
degree of metastasis to the Iymph nodes in the
high dose group implicates irradiation at the
higher dose levels.
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