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SUMMARY

Stomach cancer mortality among atomic bomb
survivors in the Life Span Study was studied
using death certificates for the period 1950-73.
A consistent increase in mortality with increasing
radiation dose was observed in Hiroshima, the
highest rate being in the dose region of 400-
499 rad. For Nagasaki, however, the evidence of
a radiation effect is very weak. An éxcess in
stomach cancer mortality was found only at
doses above 500 rad. More evidence is needed
to establish radiation as a causative factor in
stomach cancer.

INTRODUCTION

The incidence of leukemia, thyroid cancer, lung
cancer, and breast cancer in A-bomb survivors
has been increased by A-bomb radiation
(neutrons and gamma rays).' No consistent
evidence, however, of a radiation effect on
stomach cancer, which accounts for about
40% of all deaths from malignant neoplasms in
Japan, has hitherto been shown. On the other
hand, in a follow-up study of patients treated by
X-rays for ankylosing spondylitis, Court Brown
and Doll* reported an increased mortality from
stomach cancer. Findings from animal
experimenis indicate that ionizing radiation
can induce malignant neoplasms in almost any
tissue of mammals.>"®

In both man and experimental animals the tissue
doses known to have produced stomach cancer
are high - in the order of hundreds of rad.”*®
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In the mortality analyses of A-bomb survivors,
relatively few appear to have survived doses
(tissue kerma in air) in excess of several hundred
rad. Therefore, it has been the practice to group
data of all those exposed to 200 or more rad.!!
If there were an effect only at doses much larger
than 200 rad, it might be obscured by such a
grouping. In the present study, dose-response
relationship was investigated in detail for the
high dose range over 200 rad.

METHODS

Death certificate information was available for
the deceased among 82,244 exposed individuals
in the Life Span Study (LSS) sample for the
period 1 October 1950 to 30 September 1973.
During this period 23% of the study sample died.
Ascertainment of death makes use of the Japanese
family registration system and is virtually com-
plete.'? The underlying cause of death was
obtained from transcripts of death certificates
and coded according to the Eighth Revision of
the International Classification of Diseases.
In Hiroshima and Nagasaki, 84% of the death
certificate diagnoses of stomach cancer are
confirmed at autopsy, and 72% of all stomach
cancer cases seen at autopsy are reported on
death certificates.'® For all malignant neoplasms
as a whole, these rates are not affected by
irradiation conditions.

There were 79,560 individuals exposed in the
open and in a wide variety of shielding situations
for whom T65 radiation dose estimates were
available."*'!S Table 1 shows the distribution of
the sample, by dose and city, and the observed
and expected number of deaths from stomach
cancer.

The expected number of deaths were obtained
from age-sex-specific rates for the entire sample
in each city within each of periods of observation
(approximately 5 years each). Statistical tests of
differences between the observed and expected
values were made according to the Poisson
distribution.

RESULTS

The standardized mortality ratio for stomach
cancer in Hiroshima rises with increasing dose up
to 400499 rad and then drops off at 500+ rad.
In Nagasaki, there is no apparent radiation effect
except in the highest dose region, 500+ rad.
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TABLE | OBSERVED AND EXPECTED* DEATHS FROM STOMACH CANCER AND STANDARDIZED
MORTALITY RATIOS BY RADIATION DOSE, BY CITY

#1 BEECOHSEHGS LUWEET LS CICEEEC Ik KRS S UHin
T65 Dose in rad
Total 09 10-99 100-199 200-299 300-399 400-499 500+
Hiroshima
Sample 60279 43791 13495 1723 656 274 158 182
Deaths Observed 1160 817 269 40 16 6 9 3
Expected 1160 830.7 269.4 36.5 12.6 4.4 31 33
Mortality Ratio 100 98 100 110 127 137 291% 91
Nagasaki
Sample 19281 11416 5073 1394 750 270 164 214
Deaths Observed 238 141 66 12 6 3 0 10
Expected 238 140.1 64.8 16.7 8.5 3.7 17 2.6
Mortality Ratio 100 101 102 72 71 81 0 385%
* Standardized by age, sex, and time interval. @5, & L R R & BTHAL
t Significant at the 0.01 level. 0.01o ki HE
To examine the trend of stomach cancer W EOSEMEmE ES<S 20, 200rad 1)

mortality over time, the Hiroshima population
exposed to 200+ rad was taken as the heavily
irradiated group for comparison with those
exposed to 0-9 and 100-199 rad. The 34 deaths
from stomach cancer in the heavily irradiated
group is significantly higher than the expected
number (P<0.05).

Figure 1 shows that the probability of death
from stomach cancer in Hiroshima did not
differ greatly between the three exposure groups
for about the first 10 years of observation.
After that the mortality for the 100-199 rad
group began to increase. Some 5 years later,
the probability of death for the 200+ rad group
began to increase sharply and quickly surpassed
the mortality risk for the 100-199 rad group.

Neither age at the time of the bomb (ATB)
nor sex had a significant effect on relative risk.
However, in the group exposed to 200+ rad, a
large majority of the stomach cancer deaths thus
far have occurred among those aged 35 or
older ATB.

DISCUSSION

In the absence of reported evidence of radiation-
induced stomach cancer in A-bomb survivors, the
committees for the BEIR Report’ and the 1972
UNSCEAR Report® both took a cautious stand

B LALBEMEBERBRLLT, 0
9 rad 5 L0100 — 199 rad O F#BEE L HEIL /-,
SRR MR IC BT A WE I & AFEC3AMIE, RS
b HEFIHY (P<C0.05).
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100— 199 rad BOFECEE LD,

FRISER LR G, MHfERECAELREL R
ELTwaw., Lal, 200rad L EOBFIZHTS
BEIECORFEE, BERESEL EOETHS.
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FIGURE 1 CUMULATIVE PROBABILITY OF DEATH FROM STOMACH CANCER
HIROSHIMA
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° YEAR OF OBSERVATION

with respect to the 1965 finding of Court Brown
and Doll* of an apparent excess of stomach
cancer among ankylosing spondylitis patients
treated by X-rays and followed for many years
thereafter. Selective features associated with the
nature of the ankylosing spondylitis and its
treatment in other ways, and the use of death
rates for the general population to calculate
expected deaths, were seen as reasons to reserve
judgment. In addition, it was possible to argue
that stomach tissue may be somewhat resistant
to the carcinogenic action of radiation and that
the difference between the spondylitics and the
A-bomb survivors was essentially a matter of
dose. In the BEIR Report it was estimated that
the mean dose to the stomach tissue of
spondylitics was in the range of 250-500 rad.
For an A-bomb survivor, the corresponding dose
might be in the lethal range, perhaps 600+ rad.'®
In Hiroshima, a dose of 400-499 rad corresponds
to a stomach tissue dose of about 150 rad.'® In
rem, however, this value might be substantially
higher, since neutrons make an appreciable
contribution to the exposure in Hiroshima,
about 27% in contrast to 2% in Nagasaki.

BRuEHsoRE Mt HEZEAZOEE) DR
FZB2E, wIFhi, XBEEZZIEHMIbLLS
THRE:N-REARFHABEFIEE Zv LV )
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BEEH A 226 LAY, TLFHRAELR
WEWE 0L, AEMCEREROMBTS S
tEi6h%. BEIR#ETIE, FlEXEA0HE
B rr3FEHRBIE20—50rad EHTH S
tEEshTw5. EREREOEEE, ThitH
o, FE5<{ 60radl) LT, ZTHiFE
FEROFEMIZAL EBhha. "0 LEICEHTA 400 —
499rad R 1L, BoHMHERO 150 rad® 12/
+3. LAL, remMficthif, COFERHEN
CERFEIMm{L2AEEISNE. EHDR, P&
FHAESB-S5H3HSUESNDZ %I LIERT
EH2T%THEHLTHS.



The difference in linear energy transfer character-
istics of dose may explain in part the low
stomach cancer mortality in the 100-499 rad
group in Nagasaki. All the evidence thus far
suggest that the relative biological effectiveness
(RBE) of neutrons (relative to gamma radiation)
is greater than 1, perhaps in the region of 1 to 5;
and, as has been shown in animal experiments,
the value of RBE is large when the dose is low
and approaches 1 when the dose level and dose
rate are high."*®!7 Since there is no remarkable
elevation of mortality from stomach cancer in
the 100-399 rad group even in Hiroshima where
the ratio of neutrons was high, the carcinogenic
effect would be very weak with a dose of this
magnitude in Nagasaki where the radiation was
comprised mostly of gamma rays. Only the
effect with exposure to higher doses would
appear.

A low stomach cancer mortality for the 500+ rad
group in Hiroshima does not necessarily conflict
with the dose-response relationship of radiation
carcinogenecity. A “humped” dose-response
relationship is more clearly seen when all
malignant neoplasms are taken as the response
(Figure 2). In contrast to this, total mortality
and incidence of acute radiation symptoms
steadily increased with increase of exposure dose
up to the highest dose group. Animal
experiments which show similar patterns of
dose-response, together with some evidences for
man, suggest that the “humped’ dose-response
relationship may not be a fortuitous occur-
rence.®'®  On the other hand, high dose
estimates may more often be in error than low
dose estimates. Errors in reporting of location
ATB have more important implications for sur-
vivors close to the hypocenter than for those
far away. After the enactment of the Atomic
Bomb Survivors Medical Treatment Law in 1957,
the survivors have tended to report their locations
ATB as having been closer to the hypocenter
than before.!' If, in fact, high doses are over-
estimates, the effect of radiation may be
correspondingly underestimates.

Haenszel*! has given examples from various
countries which show that there is evidently
an inverse social-class gradient in the incidence
of stomach cancer. Similar findings have been
reported in Japan.?> However, in so far as is
judged by the results of investigations which have
been made for a part of the LSS sample, the
difference in socioeconomic status due to
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FIGURE 2 DEATH RATE FOR ALL MALIGNANT NEOPLASMS BY RADIATION
DOSE & CITY
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exposure status is not great.>>  Rather, in

Hiroshima the proximally exposed group
includes more persons in professional and
managerial positions, and their educational
background is somewhat higher.

The present findings add to Court Brown and
Doll’s evidence that ionizing radiation can induce
cancer of the stomach in man. Although
stomach cancer mortality increased consistenly
with dose in Hiroshima, the excess in Nagasaki
was observed only at a very high dose level,
500+ rad. Conclusive evidence for radiation
induced stomach cancer rests in future studies.
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