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TWO MAJOR HISTOLOGICAL TYPES OF GASTRIC CARCINOMA AMONG THE FIXED
POPULATIONS OF HIROSHIMA AND NAGASAKI

BEAOERICSTI2BED2EOEZEMHBRICOVT, KB EIB

TSUTOMU YAMAMOTO, M.D. ( 14 7 )'; HIROO KATO, M.D., M.P.H. ( i * )*

Departments of Pathology T and Statistics ?
IR B LU HeEtE?

SUMMARY. Lauren’s histologic classification of gastric carcinoma based on the presence of either intes-
tinal or diffuse tvpes was applied to the autopsy cases in the JNIH-ABCC Life Span Study fixed population
sample of Hiroshima and Nagasaki for 1961-69. The intestinal type was chiefly seen in older persons and
the diffuse type was more frequent in younger persons especially in women. The ratio of the intestinal
type to the diffuse type in Japan was compared with this ratio for high or low risk areas in other countries.
The trend of this ratio was similar to that in other cities. There was no statistically significant relation
between the occurrence of either type of gastric carcinoma and radiation exposure.

T, 1961 - 6HE DA IZ B 13 515 B i & RO FHF — ABCC #H a7 x 8 % Bl A 04 [ b o 3 #1451
b LN HiE A, Lauren OB EZECR SO OBERE S L OEERIcELA. BERNETE
ELTHEMB IR R, HBRIHERE, Fiiakiigho A BRI BTN LEEBEE L
W#Es, HEoBRBREEREOGVHE S EEVHEIcb T A2 LA. ZOEEIHEO
WEEEMLAEmAET LA, 2o 2O BFMOIEE L RSTHREMRE OMIZIE, HAFMCHE 2R

b N A

INTRODUCTION # B

International histological classifications of tumors under ZEIzE T A x OHEWMOERR 2 EHET 212503
the auspices of WHO are being developed to facilitate ZEREETH SOT, MO BRSO L TR A
the comparative study of the geographic distribution of BEHFL6LH A0, Elod REEEH (WHO) ©
tumors because it is important to know the prevalence of B O &R 0 BFE S SEAER S ATV 5.
each neoplasm in each country by histologic type. Unfor- BaAss, BHMOEBESFNIE TV E AR %
tunately an international histological classification for XNBITE T VA,

gastric carcinoma has not yet been published.

*Hiroshima Branch Laboratory, Japanese National Institute of Health, Ministry of Health and Welfare
[E 3% F PRl £ B2 T IS 8 32T



Recently Lauren !

proposed a histologic classification for
gastric carcinoma which emphasized two main types,
intestinal and diffuse. About 90% of gastric carcinomas
could bhe classified into these two types, the remaining
forms being listed as special and unusual types. The
intestinal and diffuse carcinomas differ from each other
histologica!]_\{, histogenetically and in prognosis. Studies
based on Lauren’s classification have been reported in
%% while in Japan, Sugano et al® and
Hirayama ® each have discussed from different points of
view these two types of gastric carcinoma. The purpose
of this paper is to report the application of Lauren’s clas-
sification to the study of gastric carcinoma in the fixed
population of Hiroshima and Nagasaki, to compare the

other countries

prevalence of the two types with that reported in other
countries, and to determine whether this approach would
demonstrate a radiation effect in atomic bomb survivors.

MATERIALS AND METHODS

Since 1961 ABCC in collaboration with JNIH has been
engaged in a pathology study on a cohort (JNIH-ABCC
Life Span Study (LSS) sample)® comprised of some
100,000 residents of Hiroshima and Nagasaki, a detailed
description of which is given elsewhere.” This study,
designed to exclude bias due to disease or exposure status
and having an autopsy rate since 1961 of approximately
40%, is a valuable tool for determining the prevalence of
diseases in residents in general.

Between 1961-69, 3451 autopsies were performed in this
study (2668 in Hiroshima and 783 in Nagasaki), and in
383 (308 in Hiroshima and 75 in Nagasaki) gastric car-
cinoma was found (Table 1). These carcinomas were
classified histologically according to Lauren’s classification
and the prevalence of each type was examined.

Gastric carcinomas were classified as intestinal type when
definite glandular structures were present and as diffuse
type when only undifferentiated carcinoma without forma-
tion of glandular structures was found. Cases which could
not be classified into these two types were designated as
“other” type. In 65 autopsies the stomach had been
removed previously at surgery and was not available for
histologic examination (consequently these cases are listed

as type unknown).

To determine whether the prevalence of gastric carcinoma
is related to A-bomb exposure all autopsies (2701) of per-
sons known to be in either of the two cities at the time of
the bomb (ATB) were classified by the 1965 tentative
exposure dose estimate (T65D)% into five groups (i.e.,

W Lauren' i3, E#MooM#@EmoaRELc 2o £
BEal, 3 4bbBEMEEEN L tESE b ¢ 22 %
HIBL 2. BEOH0%E, hs 2o aETE,
BOTHRE L BRI L LTHEL T, B L
MR O AR, RN, 50 TE
Blz, MEICE % 5Twv5, Lauren DEfEEIC TR
HIEHE > csnTBEsATHY, HETREY
5t BEUFEWLS HE-TENWFThELZIRMALIN S
CHOHOFHMIIO>VTHESATV S, RREDH
i, B - B s32EEAOERE &5 h 7~
B DR Laveen D5 AF WAL 281250 T @
LT sk, 2HOMOAEWHERHETHES AL
DEWBFT 3L, pXUzoFEIIL) FIBHEE
HEVTHRAEBOEREIADSNE2EH»EHERT S
ZEizh B,

MEs L UHE

ABCC Il Fiff & £EA TIHEB L EWIZH T 3410 FAD
Tk (T A A B H )51 50 T 1961 4 LIRS ER 22 Y
AEET2-THD, COFEOHM 2w T IR
CRAB =N Tw 3" FRETIIER OB BREBC L 2
ROHFTELZEIFHEESATED, LLL1961EL B
BIMEIFHOBILEL TV, —BERIZH TS
EHBERELZMS I 2 TIFBETH 5.

1961 —694F % ¢ ¢ 112 3451 4] ( 15 5266805, i 783 f5) o
BIMAEBE R TH 0, Zorh 1z BHE 3837 ( 1530871,
RTSHNRO 50 (£ 1), =0 WMmE &8ss
Lauren @ 53 3Hic & - T 5 13, BEROBEHEERKD -

R 2 IS AT TE T A8 6 LB EI L SE L, IRsE
DI AFR 5 AR IL M A & 3000 7~ 4 12308 0
FHELE, ThS0 200G TEAVE DI
P20ty OB e LA 65612 50T I3 E A5 AT (2
SRR Eh T S EM BT IERTE 4L -1
(LT, CHEOENERTRE L LTl ~).

BROAHELHBLEOMEL A S0, SIHA R,
Bl E 713 B THEE L 7o & £ (270141) % 196551
EARRHEEM (TE65D)® 12k -T, 0—9 rad, 10—39rad



TABLE 1 STOMACH CANCER BY HISTOLOGIC TYPE, SAMPLE CLASSIFICATION, AND SEX,
HIROSHIMA AND NAGASAKI COMBINED

#1 BEHc AL, Y TS EE LU (EE - BEAEH

Histologic Type #f##7%!

Sex Sample Classification
e LS| Total Intestinal Diffuse “Other” Unknown
ait TS 4 B i 2ot AR
Total All sources % HAFHE 457 189 174 22 72
G LSS sample 5 WA R LA 383 152 148 18 65
Exposed subjects in LSS sample
HE AR 51T 5B 287 117 106 15 49
Male All sources 4l ATiE 274 128 91 13 42
% LSS sample % 13 ot % 4 226 100 78 10 38
Exposed subjects in LSS sample
RIS RIEFIC b A RS 160 75 52 8 25
Female All sources & {}Arif 183 61 83 9 30
ES LSS sample a3 70t % 0 157 52 70 8 27
Exposed subjects in LSS sample
B I A SR 1 5 e 127 42 54 7 24

0-9rad, 10-39rad, 40-179rad, 180+ rad, and dose unknown
group). The median doses of the four dose known groups
were 0,17,75, and 250 rad, respectively. The statistical
tests used in this analysis are described in detail elsewhere. ?

In the ABCC autopsy series since 1961, there have been
74 cases of gastric carcinoma in persons who were not
members of the LSS sample. Although these cases cannot
be used for estimates of prevalence or of radiation effects
they were classified histologically. In the pathological
study these cases were included to make a total of 457
gastric carcinoma cases to increase the sample size.

RESULTS

Prevalence. The prevalence of gastric carcinoma by
histologic type in all cases coming to autopsy within the
LSS sample between 1961-69 (2668 in Hiroshima and
783 in Nagasaki) is shown in Table 2. Of the 318 clas-
sifiable carcinomas, 152 were of the intestinal type,
148 of the diffuse type, and 18 of “other” type. The
prevalence rate for the Nagasaki cases with age compo-
sition corrected to that of Hiroshima cases was computed
and compared with the prevalence rate of the Hiroshima
cases. A trend was noted for the rate of both the intestinal
type and the diffuse type to be slightly higher in Hiroshima
for both sexes. Statistically, however, the difference in
prevalence between Hiroshima and Nagasaki was signifi-
cant only for the diffuse type in females.

40—179rad, 180rad L) k& X UHETIEO STEIZG /4.
MBEBOHHBAL T3 4OMRPREGRZLFLO, 17,
55 LU0 rad Th . 2O ICH W EHEHEDN
BMEHFBECO LT EMICHEMCIEREATVSS

1961 LA 0 ABCC o El WefFlvh, 93 fn M 7 0h B & (S AT IR,
LTwieHEIHEA4HEO s hTwa,.  ZOEM
FIREOHEE PRSI E OHEE I CHNAZ LI TE R0
M EN T ERL 2. ZORFENRAE TR, fiEE
W21 5 O &0 A2 T FREER % #4571 & L 7= .

B

BRE J A o B E B 51961 — 69 5 0 = E R
(V5 152668 171, Fu5783100) ho B o M#R 12 & 3
HWE & FR2CHRL A FHEAMRLZMIIE Flo b,
1521 IS Y, 148( I T b & 18R 2 dfthy @
BTH -/, REHOERMBKEEIESED £ NIZETIEL &
FERELZHEALC, ERozhiigl 2. 20&R
MREEL, R L L RBOIE ) ermuEE AR S
ZoffimiE R amtticsetb@Evo L LAL,
B - B OERFEOEE, THOBEBRCIIVWTOS
HEAFENIIERTH - .



TABLE 2 PREVALENCE OF GASTRIC CARCINOMA AT AUTOPSY IN THE JNIH-ABCC LIFE SPAN STUDY SAMPLE,
1961-69, BY HISTOLOGIC TYPE, CITY, AND SEX

#2 TFH—ABCCHGHEMREF b1 2 MAEO B WMERE, 1961 —694 : MR, #ifi s L 0T

Intestinal type [ % %Y

Diffuse type @i m

City Sex Autopsies B - “Other” type T2 O #1102
wih " H b ) 2 rude  Age adjusted* Crude Age adjusted Crude Age adjusted
No. # s AT IF No. 2 4 EMATIE No. # yqs AT
% % % % % %
Hiroshima Male % 1343 80 5.96 63  4.69 6 0.45
UN- ] Female 1325 45 3.40 59  4.45 8  0.60
Total &# 2668 125 4.69 122 4.57 14 0.52
Nagasaki Male % 452 20 4.42 5.18 15 3.32 3.60 4 0.88 1.00
e I Female # 331 7 2% i 2.06 11 3.32 1.96 0
Total &t 783 27 3.45 3.86 26 3.32 2.93 4 0.51 0.57
Comparison % Int. %% & Diff. S5 “Other” [Z @ fta]Jo Y
Statistical test H(M+F): N (M+F) NS P<.05 NS
B T2 ) B HM : NM NS NS NS
HF : NF NS P<.01 NS
* Age adjusted to Hiroshima 15 87 @ i s 12 3T IF H -Hiroshima 5% N -Nagasaki % ¥ NS- f®ETH WV

There was a definite contrast in the prevalence rates by
sex and age for the intestinal and diffuse types of gastric
carcinoma (Table 3). While the prevalence rate of the
intestinal type increased with age in both sexes (especially
pronounced in males), that of the diffuse type contrarily
decreased with age (especially pronounced in females).
In other words, the diffuse type was more prevalent in
the younger age group, while the intestinal type was most
prevalent in the age group of 70 or over. :

By sex the prevalence of gastric carcinoma with all types
combined was higher in males than in females. Analyzed
hy histologic type with the age composition corrected, the
intestinal type was more prevalent in males although the
diffuse type showed no difference by sex. That is, it can
be said that the excess of gastric carcinoma in males was
due mainly to the excess of the intestinal type. A similar
tendency is also seen in the ratio of the intestinal type to
the diffuse type.

Next, a comparison was made of the Hiroshima and
Nagasaki data with those reported from other areas where
Lauren’s classification was used (Table 4). Stomach
cancers from all sources were used in this table. These
cases were not limited to the LSS sample in order to
increase the sample size. In particular, Munoz et al®
made a comparison between an area with a high incidence
of gastric carcinoma (Cali, Columbia) and areas with a low
incidence of this malignancy (Catagana and B-arrenquella.
Columbia, and Mexico City) and reported that in males

IER B OERFILEELSEVCERICE->THAL
ENH-(£3) BERTE, Bl bEMmL b
FRBEAG S CRIIBS W TER). BT,
WM E & B L A ->Tw 3 (FRlokikicbwTHEMH) .
BmETHIE, EEBBTEHEBEA SV, 0EL L
FEME TIIMERIRE £ 2.

M B, EERAITIE, BEOIEIHFaELDL
HIFREA @S o2 R D2 % 3TIE L 2= HAE BIRIARIT T
WEBROFAREFLCRBELERL o2, BEMIX
BHEOIZIIFELoL ThbE, B LELDD
BEAZVOE, & LTBERF Z20AHTHEEE1 5.
R R @A - kR cbwTHREIROER S 60 5.

Kiz, IR - B &R & E U Lauren @ 7 HEE A v
D HIH O FEfk & DG E T - 72 (R4 ). BEBE» S5O
BERAFAZOERIIEEATUSE, Gy 7LOHREEKE S
TarnIz, EAFBEGNESREICRE L &2 2.
FHzMunoz 52 X HEEOBEEORVIHE (2 © v € 7 0 Cali)
LHARE D EV it (T 0V ¥ 7 O Cataganad LU Barrenquella
%5 MCMexicoCity ) L & IBT 2 &, BT



TABLE 3 PREVALENCE OF GASTRIC CARCINOMA AT AUTOPSY BY HISTOLOGIC TYPE,
AGE, AND SEX IN THE JNIH-ABCC LIFE SPAN STUDY SAMPLE,
HIROSHIMA AND NAGASAKI COMBINED

#3 THI—ABCCHGHEMREMIIH 1T 5 EHED FHEmE. HEn, En
b £ UHER (50 - RWER)
Age at Intestinal type Diffuse type Ratio
Sex death  Autopsies 15 5 A 5w Intestinal/Diffuse
tt LM SR No. # % No. ¥ % nggﬁtlﬁ/ﬁqﬁgg
Male All ages
B 2 E MW 1795 100 5.6 78 4.4 1.3
<30 42 0 0
30-39 68 1 1.5 1 1.5 1.0
40-49 78 0 5 6.4
50-59 184 8 4.4 12 6.5 0.7
60-69 570 24 4.2 32 5.6 0.8
70-79 580 46 7.9 21 3.6 2.2
80+ 273 21 7.8 i 2.6 3.0
Female  All ages
4 e 1656 52 3.1 70 4.3 0.7
<30 18 0 0
30-39 57 0 7 12.3
40-49 87 12 11 12.6 0.1
50-59 189 4 2.2 9 4.8 0.4
60-69 378 11 2.9 22 5.8 0.5
70-79 536 24 4.5 15 2.8 1.6
80+ 391 12 3.1 6 1.5 2.0

the intestinal type was more prevalent in the high risk
area and the diffuse type more prevalent in the low risk
area. In Japan the frequency of gastric carcinoma is
higher than in Cali, the high risk area by a factor roughly
estimated as 1.4. Based on their data, it can be expected
that the frequency of the intestinal type would be still
higher in Japan. This expectation was supported by the
Kyushu University data reported by Noda.® The ABCC
findings are compared with these reported results in
Table 4 which shows that the ABCC observations approxi-

mate the findings in the low risk areas, Catagana,

Barrenquella, and Mexico City, rather than the high risk
areas, Cali and Fukuoka. Possible reasons for this apparent
discrepancy are given in the discussion section.

Mucus Production. Mucus producing signet ring cells
were found in both the intestinal and diffuse types of
gastric carcinoma. In Table 5 tumors containing pools and
lakes of mucus were counted separately and listed under
the heading “mucus pools.” The remaining tumors were
categorized according to the number of signet ring cells
present as; many, few, or none. Approximately 10% of

both the intestinal and diffuse types contained pools of

BRBEABREORVIBTIREN A/ EL TREO
BEwiE cRMEBR Y ZuLtBERTwE . HRIIEITAS

B OMEE L, BWBEfERomuCaliozh b L&
BHE]. 45 Th 3. PhosOBEBRPSELLL, BETR
BERIOHEER S S CEn I & AMFshs. ZofiF

RMAEOTFE® 0@zl TEITHENATL S
ABCCOrR L zhomBEOKME T X4 THB
shTwad, ABCCTHAKERIE, HEEEREED
muihlg, TabbClimLUBEENL, LA
Catagana, Barrenquella & £ U Mexico City @ f& &= o
Euwih o 2 H1IZEw, ZOHEOEBEEL 03
LOIZOVWTREROE TIN5

AL B 5 UHzuliB R o & 12k A
FEE T HEDBIMING & B, EB L, Rikolvd s
TTHESEOKRET HiElZ, oRMLOTIZERAL .
- UNGY LF WE, FAREoEz LD, T 28, , " VG
FET ALy EHHLA BERSLUHEND
FNEFNHR IR RL sk HWEEOERIE



TABLE 4 RATIO OF INTESTINAL TO DIFFUSE CANCERS IN FOUR PLACES BY SEX AND AGE

Fd AN HTIEENGEEBROLE: 5 X UERBN
Hiroshima Catagana
Sex Age Nagasaki Fukuoka Cali Barrenquella
# i R - 1 Mexico City
Male <50 3/10 =0.3 8/9 =0.9 17/17 =1.0 7/12 =0.6
% 50.59 13/16 =0.8 18/4 =4.5 23/11 =2.1 9/11 =0.8
60+ 112/65 =1.7 26/3 =8.7 32/9 =3.8 17/17 =1.0
Female <50 3/25 =0.1 6/15 =0.4 7/7=1.0 3/13=0.3
ES 50-59 4/12 =0.3 8/10=0.8 9/10 =0.9 4/4 =1.0
60+ 54/46 =1,2 6/7 =0.9 11/11 =1.0 6/6 =1.2

TABLE 5 FREQUENCY OF POOLED MUCUS AND SIGNET CELLS BY HISTOLOGIC TYPE IN AUTOPSY —
SEX, AGE, & CITIES COMBINED

#£5 BIMIZEITAMEFE S & MRS BT (M, £R5, EE - BIGEFH
Histologic Mucus pools Signebesls (A

type Total e T B Many % # Few 4¥# No # L

AL & No. # %  No # % No. # %  No. % %

Intestinal
5 189 15 7.9 16 8.5 50 26.5 108 57.1
Diffuse
iR 174 16 9.2 73 42.0 52 29.9 33 19.0

TABLE 6 PREVALENCE OF GASTRIC CARCINOMA BY RADIATION DOSE (T65D) AND HISTOLOGIC TYPE —
SEX, AGE, & CITIES COMBINED

#6 FWAHEFEE: EHE(T6ESD) & & CHLETIA (4, Fih, KB - BEH&H)
Statistic Total Dose in rad B A#Mt(rad) Test
#it i 0.9 1039 40-179 180+  Unk, A0 SEFEIEGE

Intestinal type I% 5!
Ohserved #1ifl 117 74 26 10 5 2

Expected 1 # 74.9 213 13.5 4.9 2.4 NS
O/E R £ 7 WA T $2 0.99 1.22 0.74 1.02 0.82
Total autopsies
1 W 25 ¥ 2701 1700 504 301 126 70
Diffuse type ®8{% 5
Observed &l £ 106 63 22 11 6 4
Expected M {F # 66.2 19.9 11.6 5.8 2.6 N8
O/E a0 # 7 M0 i% 0.95 9 i | 0.96 1.04 1.54
Total autopsies
LIRS 2701 1700 504 301 126 70

NS: Not significant ##T % \»



mucus. Almost half of the diffuse type had numerous
signet rings while more than half of the intestinal type
carcinomas had no signet ring cells.

Relation to A-bomb Exposure. In a previous analysis '’
of autopsies within this fixed LSS population performed
during 1961-68 the relationship between gastric carcinoma
and A-bomb radiation exposure dose was examined using
Oota’s histologic classification of gastric carcinoma. !!
No relationship was observed between exposure dose and
prevalence. The present study was made to review the
same relationship by extending the period of observation
another year thus increasing the number of cases and to
base the comparison on Lauren’s histologic classification.
As shown in Table 6, neither the intestinal type nor the
diffuse type showed any relationship between prevalence
and exposure dose.

DISCUSSION

The occurrence of gastric carcinoma in the LSS sample
at ABCC has been repeatedly examined in a variety of
ways to determine whether a radiation effect resulting
from exposure to the atomic bombs could be demonstrated.
None of these efforts, including the present one, have
demonstrated any such effect. Age and sex are significant
factors in the development of gastric carcinoma and their
influence is seen in the prevalence of the two types of
carcinoma separated in the Lauren classification. However,
with regard to radiation there is no evidence that either
the diffuse type which is more prevalent in younger
persons or the intestinal type which occurs more often in
older persons is found more frequently at autopsy in
persons who received large doses. of whole body irradi-
ation ATB.

The comparison in Table 4 of the intestinal/diffuse cancer
ratios in different geographic areas must be made on the
basis of population studies to be accurate. However, only
the ABCC study is based on the study of the prevalence
of gastric carcinoma found at autopsy in a fixed population.
This is especially important in evaluating age and sex
factors which strongly influence the prevalence of the two
types of carcinoma. Probably even more important in the
determination of prevalence rates is the fact that only
the ABCC material is based on autopsy findings while the
Mutioz et al ® and the Noda * data are based on studies of
surgical specimens. Admittedly, a carcinoma in a surgical
specimen is classified histologically with greater ease and
accuracy than in an autopsy specimen, However, there

EHIZEES OB ARG L RAD, BEDNEGO
Rl ECILBEEEED 6Nt h 5 .

FERBEEEORMFE 19612 51968 ToMIcHa
WA E N D & o S & s SR S R
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Mg L En. HBERLAERELOBMCIMEILA
bhgh -7, AREOHAMIE, BEMEMs 5121
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WTHEETEIZLizho. BEIITRT LI, B
RN R E L R L ORISR
nhiodhs i
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[FHEEBE AT 3 SO BEF AboharGErE
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is considerable bias in selection of cases for surgery and
therefore for availability of specimens for study. Surgical
therapy frequently is not attempted in patients with far
advanced tumors, and in old people, particularly old
women, because they are often considered poor surgical
risks. Generally the intestinal type tends to remain local-
ized longer, is more apt to receive surgical treatment but
also is more likely to be present in older individuals. In
the ABCC series, 76 % of the patients were 60 years or
older while in the three other series only 35% to 42 %
of the patients were 60 years or older. Evidently the
comparison must be viewed with caution and more investi-
gation is needed before the relation of prevalence of the
two types to high or low risk for the development of
gastric carcinoma is established.

FEFHOERIRZEHYORY SN, ZhifEf-THED
OAFTEAMBHZIARIAET S EhOTHETLL
D s 5 R8ELLUEERE, FohkMiisoTid
LIELETFERATRTHINT, JHRALEIZIT2 bA
o, —f, BERIBRREEORENEIREAS
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