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SUMMARY

The most important radiation-induced late
medical effect in the atomic bomb survivors of
Hiroshima and Nagasaki has been the increased
occurrence of certain neoplasms, specifically,
leukemia and cancers of the thyroid, lung, and
breast. Other definite radiation-related effects
include an increase in posterior lenticular
opacities, chromosome aberrations in peripheral
blood lymphocytes, and some abnormalities of
growth and development following irradiation
while in utero or during childhood.

Moderate to fairly strong associations between
A-bomb exposure and the increased occurrence
of stomach cancer, multiple myeloma, and
several other types of cancer have been observed.
Radiation relationships also are suggestive for
alterations of certain aspects of immune
mechanisms and the increased occurrence of
myelofibrosis. No increase in genetic effects has
been demonstrated in the children born of
exposed parents, and studies to date have been
negative for evidence of increased infertility,
accelerated aging, or increased mortality from
diseases other than cancer.

In general, the radiation dose-response relation-
ships for most positive effects have been higher
in Hiroshima than in Nagasaki, and the Shape of
the dose-response curves for certain effects is
different in the two cities. These differences may
be related to differences in the quality of the
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radiation from the two A-bombs. For several
radiation-related effects the latent period follow-
ing exposure is shorter and the incidence rate is
higher in persons exposed when young as
compared to exposure later in life.

INTRODUCTION

The delayed medical effects of A-bomb exposure
in the populations of Hiroshima and Nagasaki
have been under intensive study for over 30
years at ABCC-RERF.! The results of this
hinational evaluation of the largest population of
persons known ever to have been exposed to
excessive amounts of ionizing radiation constitute
the single most important body of information
on late radiation effects for man. New informa-
tion continues to accumulate. It is important to
periodically summarize and report the latest
results, Such information is of considerable
value in the clinical follow-up of the A-bomb
survivors in Japan and for development of a
better understanding of the late consequences
of exposure to excessive amounts of ionizing
radiation.

HISTORY

On 6 August 1945 a 235yranium bomb was
exploded over Hiroshima at about 510 m above
ground. It had an explosive yield equivalent of
about 12.5 kilotons of TNT.?2 The yield for the
Nagasaki plutonium bomb was estimated to be
almost twice that of the Hiroshima bomb. The
radiation released from the Hiroshima bomb was
mixed gamma-neutron in type. The neutron
component of the radiation in Hiroshima
constituted a significant portion of the total
radiation released, especially in the high dose
range. In contrast, the radiation in Nagasaki
was predominantly gamma. Even for estimated
air doses as high as several hundred rad, less than
2% of the total radiation in Nagasaki was
neutron.

Immediately following the cessation of hostilities,
a team of scientists from Japan and the United
States, known as the Joint Commission, studied
the acute effects of exposure to the A-bombs.>*
They estimated that approximately 64,000
civilians in Hiroshima were killed immediately,
or died within about 2 months as a result of
blast, burns, or radiation injuries. No data are
available on losses among the military, but it is
known that a large military population was
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stationed near the hypocenter because Hiroshima
was the headquarters for the 2nd Grand Army
as well as a staging area for overseas service. The
corresponding mortality estimate for Nagasaki
is about 39,000. Other mortality estimates are
considerably higher for both cities.

The question is frequently asked why there were
relatively fewer casualties in Nagasaki when the
bomb detonated there was more powerful than
the one in Hiroshima. The answer lies partly in
the fact that the Nagasaki explosion occurred
over a valley and the terrain protected about
25% of the population from radiant heat and
ionizing radiation. Hiroshima is mostly flat
delta land so that there was shelter for very few
people. Also the portion of Hiroshima below
the bomb was a congested commercial and
residential district; while in Nagasaki the cor-
responding area was industrial and residential.
In Hiroshima about 60% of the city population
was within little more than 1,000 m from the
hypocenter at the time of the bomb (ATB).
In Nagasaki only about 30% of the population
was so situated. In addition, in Hiroshima the
explosion was followed by an intensive fire
storm.

Despite the difference in absolute numbers,
survival by distance from the hypocenter in the
two cities was reported to have differed very
little., About 25% of persons located at 1,000 m
from the hypocenter survived in both Hiroshima
and Nagasaki. Survival wasabout 50% at 1,300 m
while at 2,000 m survival was increased to about
95% in both cities.?

Burn and blast effects were responsible for most
of the deaths on the first day. The close
interrelationship of these effects made it virtually
impossible to determine the proportion of deaths
due to each of them.* Most observers, however,
agreed that heat was the major cause of death on
the first day. On the other hand, the percentage
of moderate and severe injuries in the surviving
casualties on the first day in Hiroshima has been
estimated at approximately one-third each for
blast, heat, and ionizing radiation.?

The Joint Commission, upon termination of its
activities in December 1945, recommended that
a long-term study of the late radiation effects in
both cities be conducted. This resulted in a
Presidential Directive to the National Academy
of Sciences-National Research Council (NAS-
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NRC) to undertake long-range medical studies

of the late effects of the bombs in both cities.

Consequently, ABCC was established and com-
menced operations in 1947. + The Japanese
National Institute of Health (JNIH) formally
. joined the stndies in 1948 following which it
continued as a joint undertaking of NAS-NRC
and JNIH with principal funding by the US
Atomic Energy Commission. In April of 1975
ABCC was replaced by RERF, an independent
research organization funded equally by Japan
and the United States.

POPULATION STUDIES

The early scientific efforts at ABCC consisted of
a series of ad hoc studies to answer specific
questions. A program for procurement of
autopsies was started. Several clinical samples
were established for the purpose of detecting
possible somatic effects of radiation exposure.
An intensive search for possible genetic effects
was also conducted. ‘Ophthalmologic observa-
tions were made, the leukemia situation was
carefully explored, and the children who were
in utero ATB were checked for evidence of

physical disability. In the early days, different.

population samples for each study frequently
were followed., The proliferation of study
populations continued until 1955 when a
Committee of NAS-NRC consultants, chaired by
the late Dr. Thomas Francis, reviewed the
ABCC research design and recommended the
establishment of fixed and integrated population
samples for long-term longitudinal studies
(Unified Program).?

There were several important aspects of the
Francis Committee proposal which have proven
to be of great value in the detection of late
radiation effects. A cohort of A-bomb survivors
and nonexposed controls was established for
long-term follow-up using a multidisciplinary
approach. This provided an orderly means of
investigating the delayed effects of a single
radiation exposure, Because of variations in
induction time, it was felt that the longitudinal
observations would pick up most of the radiation-
related events whereas it would be a matter of
chance for a onetime crosssectional observation
to identify such events. Inasmuch as there are a
relatively small and finite number of survivors,
the study method of choice has been fo main-
tain constant surveillance over a maximum
feasible number of subjects.
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FIGURE 1 MAJOR RERF SAMPLES, CITIES COMBINED
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Implementation of the Francis Committee
recommendations resulted in the consolidation
of a number of study populations into a single
population sample which became the focus for
studies of life span, causes of death, and the
occurrence of medical effects during life. In
Utero Mortality and Clinical samples and an Fy
Mortality sample were also established, Each of
these study populations included individuals
with different degrees of radiation exposure as
well as matched controls against which radiation
effects could be measured. Minor modifications
in the size and composition of the samples have
occurred over the years, but they have essentially
remained intact (Figure 1).

The Life Span Study (L$S), the largest of the
study populations, included about 100,000
survivors and their controls who were alive at
the time of the 1950 A-bomb Survivors Survey.
Later, this sample was extended by the addition
of about 10,000 other individuals. Deaths
occurting in this cohort have been ascertained
with considerable accuracy by periodic searches
of the Family Repister (koseki) which makes it
possible to obtain information about deaths of
survivors even though there is considerable
population movement. Medical data concerning
deaths are secured from death certificates.

Francis ZASn#E - #E-I&, BRIZREELT
VAZLORERREAZ -S> ONRER LD,
COHERERRIC, Ba, A, FOMEFHE
CETARERELITIC LA, ECEHELE
BERELFIROOBAERENREH RY
RCHEBELT ) A OORBEOFROMBER L
HEERL ChsOREMBRERG T A TRBRHR
OB TE ABROL L 5 T HRERERS
BARLZIMBEFELLEHTHRE EAL, 2DRE,
WREMOAE S LHERICHEMEEEI ML S50
RA, REMIZEEH-TUEV{EL).

BRuAEE, EEFNFERN I sHEFEL A
<, BMSEEFEEHEERAERICEFL TOLN
100,000 A@HERE * HEBEGATVS. Z0H#
10,000 A Frxf@EcBMEs h i HREMAP
HILZMEEFREOEHNBE I L2 TIELAER
ha<{BAshs FREOMAIE>THEENS3
S LBBEORLIINT S ESITEILATE
3. BRELIo>nTOEFHTF- Y ERECEH S, S
ANET D,



RERF TR 16-78

The Pathology Study is the second major
component of the Unified Program. The original
objectives of this study were to perform as many
postmortem examinations as +possible on all
persons in the LSS sample to determine specific
causes of death and to search for other possible
radiation-induced changes. The autopsy rates in
the L3S sample during the early 1960s were in
the range of about 45%, but in recent years have
fallen te 20% or less. The completion of over
3,000 postmortem examinations in this popula-
tion, however, has provided information of great
value in the determination of the validity of
death certificate diagnoses for many disorders,
Also, it has been of value in obtaining histologic
description of certain radiation-related tumors.
Tumor and tissue registries in both cities now
provide much of the information which is
essential to the evaluation of the possible
radiation induction of specific tumors.

The Adult Health Study (AHS) population is a
subsample of the LSS population and comprises
the third component of the Unified Program.
Surviving members of the 20,000 perscns in the
original sample in the contact areas are invited to
RERF for 2 biennial medical examination. The
objectives of this study are to determine whether
radiation exposure affects health, and conversely,
whether there are any delayed effects manifested
in the form of particular disease morbidity or
physiological change. The AHS sample now
includes all persons known to have had high
radiation dose exposure, the In Utero Clinical
sample, and appropriate nonexposed controls.

The total sample size now is about 17,000 of

whom about 14,000 are in the contact areas.
It is remarkable that about 80% of those who are
available for reexamination continue to return
for regular visits.

All in utero exposed children identified in both
cities were matched with controls and included
in the In Utero Mortality sample. Also, a
smaller clinical subsample was established to
study the health status of individuals who were
exposed while in utero. The clinical sample has
been evaluated for such factors as physical
fitness, growth and development, congenital
malformations, and mental retardation.

An all important datum is the amount of
radiation exposure.>®™®  The original inquiry
determined the location of individuals and their

distance from the hypocenter ATB. The fixed
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cohorts for study then were selected on the
basis of distance from the hypocenter. However,
population studies are not like laboratory
experiments where the conditions of the tests
are, to a large extent, under the control of the
investigator. In Hiroshima and Nagasaki, a large
proportion of the proximally exposed individuals
did not survive. Therefore, the available number
of survivers who were heavily exposed is limited
and fixed. Also, the disease incidence associated
with radiation exposure is relatively low. Thus,
many studies labor under the handicap of small
frequencies.

The earliest studies at ABCC used distance from
the hypocenter and the severity of certain acute
radiation symptoms as measures of radiation
exposure.®® There were pitfalls in estimating
radiation dose on the basis of distance, however,
since some individuals were in the open while
others were in buildings or houses or were
shielded by other objects. In the mid 1950s,
methods for estimating radiation dose received
under different shielding configurations were
developed by the Oak Ridge National Laborato-
ries. The first sel of individual radiation dose
estimates was made in 1957.2 Later, this was
refined and the estimates now used are from the
1965 system of dose estimates.'®

Gamma and neutron radiation dose estimates
now have been completed for all but about 3%
of the persons in the LSS sample. Radiation
doses are expressed in rad as tissue -kerma
(kinetic energy released in materials) in air. Itis
believed that the radiation dose estimates for the
persons in the RERF studies are accurate to
within about *10%-15%.  These estimates,
however, represent great improvement over
distance from the hypocenter as a measure of
“air dose”. Emphasis now is on the develop-
ment of radiation dose estimates for. certain
organs based on the attenuation and interaction
of gamma and neutron radiation at various levels
of tlssue penetration.

The unique population samples at ABCC—RERF
_ have provided and continue to provide a frame-
" work for numerous studies on the delayed
effects of A-bomb, exposure in the survivor
populations of Hiroshima and Nagasaki. How-
ever, the task of detecting the late effects of
previous exposure to ionizing radiation is a
difficult one for many reasons. Perhaps the
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most important of these is the absence of a
disease which is uniquely a result of radiation

EXDposure,

Also, in most cases ionizing radiation is just one
of the competing factors in carcinogenesis. The
problem of separating A-bomb exposure effects
from those caused by other types of environ-
mental exposure becomes quite formidable,
Thus, in all ABCC-RERF studies the determina-
tion of a late radiation effect is made by
comparing the experience of survivors exposed
to varying degrees of ionizing radiation with the
experience of an appropriate control group, The
detection of significant regression coefficients
for dose-response relationships is the single most
useful technique for the establishment of a
radiation-related effect.

In 1960 it was decided to investigate the
mortality of the F } generation for at least the
childhood period.1 This study was designed
to determine if the mortality of children, one or
both of whose parents were exposed to the
ionizing radiation of the A-bombs, differs from
that of children born of nonexposed parents.
The basic sample of about 54,000 individuals
was established on the basis of births which
occurred during the period May 1946 fto
December 1958. Deaths in this cohort have
been ascertained during subsequent years by
search of the Koseki. More recently, portions of
the F; Mortality sample population have been
the focus of continuing studies for the presence
of chromosomal aberrations, protein variations,
and disturbance in growth and development that
might have been due to parental radiation

exposure. 213

Mortality studies of the Fy and in utero samples
have been continuous, since they were established
shortly after the bombs, but mortality ascertain-
ment for the LSS sample commenced in 1950
and does not cover the population that died
between the time of the bombs and selection of
the sample, an interval of about 5 years. Most
of the deaths during this period can be attributed
to acute thermal, blast, and radiation effects.
There is some evidence that the other deaths
which occurred prior to sample selection were
not excessive and have not been a serious source
of bias.}*!3

DEAOCERE, HAREROERERT 5FAL
REFZwEnIZeTHSI.

ERREALYOBRE, BEERHBUIREORASRAT
D=2z E v, BEMAETICLIRE L RBRR
CEAME L 2 BT AERIERTHE. LiKo
T, ABCC—HEMOLAETIE, Hr 2RED
ERBSRE BT - EREORES, B 2 MR
DEREHMT BT Lo kT, MBI L 35BS
ERBLTVS. RRRGMFEOEE 2 DREME
kb 52 L1, MEGIEET 3 RBLENT 5L
T~ DBRLEDEHETH 5.

19604, HIBEDFH(F,) DFECEELEL L L
AREMOBEET NECH I EMNRES AL
IOHEER, FRORMRIEBRLAKRS S0
BMHEELOTHOBEE L, HRETH SRR
DFROFECRE RS EHE I A ERET B4
WIZNRENLLOTES. 19465E 5 H » 5 1958412
A ToMERREHCEFHEEME B, 54,000
ADHBEEEME LA, 2D 3k-- FIZEZ B
BEE, FRBOILVMET 5. RETE, B
HESIIHEBLAZECEAL TV R BN &G
R, EARERE, RURE  REOMETO
RACWT AWEAFRBELCHEHLATEN, 20
F,RC#AEHREAO—EHEOBLE foT

L3, 1

F, RUTBNERSORCZHE S, FRITRNL
BCREEATURBEL TV 34, BEWEHR
BN EOMRIIIE I E T o0, Fs
EXMBRAMUBOMBSEHEIECLAEN ST h
TwHv., ZOMMPIZFECLAEO £ {12 8BE,
BER USSR L 5 BMENFER L B bh 5.
HRERBLIN AR » A 2D BOFECLEL R,
BREBIOBERA IR T I ERTHR
ME#ohpH B 00 )



TABLE 1 EFFECTS FOR WHICH A DEFINITE RELATIONSHIP HAS BEEN
ESTABLISHED WITH A-BOMB EXPOSURE

£1 EABR L OB REESHIEALSD 50T B

Lenticular opacities

AafkiBE

Leukemia

A&

Small head size and mental retardation following in utero exposure
BBz £ 3 AR UMREER

Tumors of the thyroid, breast, and lung

RRAREE, FLE, RUN®

Lymphocyte chromosomal aberrations -

)y RO BRBRERE.

Retardation of growth and development following exposure during early life

PRBBRIESRE - REOER
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RESULTS

A number of definite radiation-induced somatic
effects have been observed in Hiroshima and
Nagasaki survivors (Table 1). One of the earliest
effects demonstrated at ABCC was the occurrence
of lenticular opacities.!®""® A small number of
well developed cataracts has been observed, but
for the most part, the lesions have consisted of a
posterior lenticular sheen or ‘of small sub-
capsular plaques which do not interfere with
vision. There is no evidence of progression of
these lesions during the years following their
initial detection. A follow-up study in the mid
1960s confirmed the persistence of the lesions
and clearly demonstrated a radiation relationship
for posterior lenticular subcapsular plaque
formation. The dose-response relationship was
greatest in those who were young at the time of
the exposure.?® No other ophthalmologic
lesions have been found to be radiation related !

Studies of growth and development in the two
cities have demonstrated that both boys and
girls who were exposed during infancy or child-
hood to more than 100 rad of ionizing radiation
“in Hiroshima are significantly shorter than are
their nonexposed controls.?*?*  As might be
expected, the effect of exposure on growth is
generally greater the younger the individual at
the time of exposure. At ages of 12 and over,
the maximum height attained was little affected
by radiation exposure because the children were
well on their way to maximum growth. If should
be emphasized, however, that a radiation dose
gradient relationship for impairment of growth
and development has not been established, and
no effect of A-bomb exposure on the growth
and development of children in Nagasaki has
been noted. Although there seems to be a
clear relationship in Hiroshima between A-bomb
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exposure in childhood and disturbance of growth
and development, the role of such factors as
nutritional deprivation and disruption of normal

family life in the early years following the war _

have been difficult to assess.

Radiation exposure while in utero had profound
effects on growth and development.®*!' The
most striking finding has been the increased
occurrence of small head size in children
exposed to significant amounts of radiation
during the first 15 weeks of gestation 3728
A radiation gradient for this effect has been
observed in Hiroshima, while in Nagasaki it has
occurred only in the very high dose range. In
these studies, small head size has been defined
as more than 2 standard deviations below the
mean of the controls. In all, about 60 children
with small head size have been identified, of
whom about 30 appear to be of lowered
intelligence.?® In Hiroshima, the risk of mental
retardation was increased with exposure doses
above 50 rad, but in Nagasaki mental retardation
has been observed only in association with very
high exposure doses.*?’ Mental retardation
has been observed with less relationship to the
time of exposure during pregnancy than has the
occurrence of small head size. These findings
suggest that direct damage is likely to occur at
any time during the brain developmental stage
if the radiation dose delivered to the brain is
large enough. A significant decrease in stature
also has been demonstrated for the in utero
exposed girls in Nagasaki and boys and gitls in
Hiroshima whose mothers were heavily exp osed.™!

ABCC studies have shown a significant increase
in chromosomal aberrations in the peripheral
blood lymphocytes of persons who were exposed
to a high dose of radiation while in utero or any
time after birth.>*37 Chromosome studies in
the late 1960s indicated that the frequency of
cells with aberrations was greater in persons
who were over 30 years of age ATB as compared
to those persons who were less than 30 years old
ATB33%  Recent studies, however, have not
confirmed the observations that the frequency of
occurrence of lymphocyte chromosome aber-
rations is related to age ATB.37 The frequency
of aberrant cells and the frequency of
chromosomal aberrations per cell increases with
radiation dose in both cities, but at all dose
levels the frequency, of aberrant cells is higher in
Hiroshima than in Nagasaki.”'“‘” The shape
of the dose-response curve in Hiroshima is linear,
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but in Nagasaki it appears to be nonlinear. 37

The difference in the characteristic of the dose
response between the cities has been attributed
to the higher neutron exposure in Hiroshima
as compared to Nagasaki.

Most of the chromosome aberrations are of'
the symmetric exchange type which have
persisted in the peripheral blood lymphocytes
of exposed persons for over 30 years. Reciprocal
translocations have predominated at all dose
levels. Asymmetric exchanges constitute about
20% of the aberrations in the lower dose range,
but are relatively less comumon at the higher
dose levels. 337 Clones of cells with identical
chromosomal aberrations have frequently been
observed in the lymphocytes of heavily exposed
persons.?*

Preliminary chromosome studies by means of
banding techniques suggest that chromosome
aberrations in the exposed survivors are even
more frequent than those previously detected
by means of conventional techniques.3s This is
mostly due to the increased detection of vartous
types of chromosome exchanges. The clinical
significance of the chromosomal changes remains
uncertain and to date it has not been possible to
link directly any of the radiation associated
chromosomal lesions with the occurrence of any
specific medical disorder. However, the frequency
of the chromosome aberrations continues to
bear some relationship to the amount of previous
A-bomb radiation exposure, even at this late
date.

An increase in leukemia incidence began in
both cities about 3 years after exposure to
the A-bombs and reached a peak around
1951-52.3%  Since then, the leukemia rates in
the exposed persons have declined steadily. The
rate in the Nagasaki exposed survivors has not
exceeded that of the control population since
the early 1970s.* In Hiroshima there is evidence
of continuation of a slightly increased lsukemia
rate in the exposed.*®  All forms of leukemia
with the exception of chronic lymphocytic
leukemia appear to have increased in the exposed
persons, but there are complex differences among
the types of leukemia in relationship to age
ATB, city of exposure, and duration of the
latent period following exposure.

The leukemia incidence is high among the
heavily exposed in every age group. The relative
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risk for those exposed to doses of 100 rad or
more, is, however, the highest for those who
were under 10 or over 50 years of age ATB3
The ratio of 20:1 for these age groups may be
compared to ratios of about 14:1 for the other
age groups. Age ATB also had an effect on the
type of leukemia which developed. For those who
were 30 years or older ATB, the early excess was
more pronounced for chronic than for acute
leukemia. For those who were under 15 years
ATB, most of the excess was of the acute
lymphocytic type, but there also was a significant
increase in chronic granulocytic leukemia in this

group.

A clear relationship between the incidence of
leukemia and radiation dose is present for both
cities, but the effect is more pronounced in
Hiroshima than in Nagasaki. The lowest doses
with a demonstrable leukemogenic effect appear
to be in the 2040 rad range in Hiroshima.*?
The marked difference between the Hiroshima
and Nagasaki experiences has been attributed to
the relatively large neutron component of the
ionizing radiation in Hiroshima.*® The question
of whether a linear relationship exists between
radiation dose and leukemia incidence for radia-
tion dose below 20 rad remains unresolved.

Age ATB was an important factor in determining
the duration of the latent period between
radiation exposure and the occurrence of acute
leukemia.*® Those individuals who were less
than 15 years ATB has a relatively short latent
period for acute leukemia, virtually all of which
occurred in the 1950s. In contrast, those who
were 45 years of age and over ATB had a
considerably longer latent period for acute
leukemia with continuation of the leukemogenic
effect through the 1960s and into the ecarly
1970s. For chronic granulocytic leukemia, the
highest rates have been observed in the heavily
exposed who were young at the time of
exposure, but there is little evidence of an age
differential in the latent period of the occurrence
of chronic granulocytic leukemia. The peak
incidence occurred in the earlier years following
exposure regardless of age ATB.

Although the highest leukemia rates have
occurred in individuals who were young at the
time of exposure, there is no evidence of
radiation-induced leukemogenic effect in persons
who were in utero ATBA® Furthermore, no
excess in leukemia incidence has been observed
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up to the present time among the children born
of exposed parents.*647

In striking contrast to radiation-induced leukemia
with declining rates, the death rates from solid
tumors of various sites in exposed individuals
have increased considerably in recent years.**%
After a latent period of about 15 years, children
exposed to radiation doses of 100 rad or more
have developed an excessive number of solid
tumors.*® The number of actual cancer deaths
in this group is small, however, and there have
been few additions in recent years. If will be
important to follow this group closely in future
years in order to determine whether the
experience for the radiation induction of solid
tumors is similar to that for acute leukemia.

In the late 1950s and early 1960s, clinical
studies at ABCC showed that thyroid tumors
were occurring more frequently among survivors,
especially women, -who were exposed to high
radiation doses than in those who had received
little or no radiation.®3! During the period
1958-71 the relative risk for thyroid cancer for
persons exposed to 100 rad or more was about
2.5 times that of the controls.®® No relationship
has been shown between either age ATB or dose
and time of onset. Most of the radiation-related
malignant tumors have been clinically evident
papillary carcinomas which rarely have metasta-
sized or caused disability.’**® A  modest
radiation exposure relationship also has been
established for small occult papillary carcinomas
of the thyroid,®

In 1968, the first report from ABCC appeared
linking A-bomb exposure to cancer of the female
breast.® A subsequent mote intensive study
showed that the effect started in the mid 1950s
for women in the higher exposure groups.
The dose response relationships in both cities
appear to be linear and are of similar magnitude.
During the period 1950-74 the age adjusted
relative risk for women exposed to 100 rad or
more was about 3.3 in comparison to the
controls.® The highest relative risk has occurred
in women who were age 10-19 ATB and received
at least 100 rad.® The incidence of breast
cancer among women was increased in heavily
exposed women in all other age groups with the
exception of ages 0-10 and 40-50. It is not
possible at this time to explain these differences
in age susceptibility to radiation-induced breast
cancer, but the information does suggest that
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hormonal factors may be important. No unusual
or specific types of breast cancer have been

associated with previous radiation expousre.®

A carcinogenic effect of ionizing radiation on
the lung was shown in 1965 and again in 1968
for men who were 35-40 years of age or older
ATB.5™%%  The effect began about 1955 and
was very definite by 1960 in Hiroshima, but was
much less striking in Nagasaki.’*®® The most
recent reports on lung cancer deaths indicate
that the relative risk of lung cancer for those
exposed to 100 rad or more is about 1.8 times
expected 26! and it appears to be independent
of smoking.f'2 Small cell anaplastic carcinomas
are increased with radiation dose. Also, there
was a slight increase in risk of epidermoid
carcinoma and bronchogenic adenocarcinoma
among exposed individuals, but these increases
were not statistically significant.®"

There are a number of borderline or suggestive
radiation effects that currently are under
intensive investigation {Table 2). An increased
risk for malignant salivary gland tumors has been
reported for persons exposed to 300 rad or more
in Hiroshima only,?*® however, the high risk in
this high exposure group is based on the con-
firmation of only three malignant salivary gland
tumors.
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TABLE 2 EFFECTS FOR WHICH THERE I$ A BORDERLINE OR SUGGESTIVE
RELATIONSHIP WITH A-BOMB EXPOSURE

#2 FEERHEREOBCHE—F-F4 3 REMNHEFRHSNIER

® Tumors of the stomach, esophagus, urinary tract organs, and salivary glands

B, fif, @R, RUETHEROMEE

® Malignant lymphoma and multiple myeloma

i) > o ER U £ R F R

& Myelofibrosis
FRERHEEE

A study in the early 1960s demonstrated the
increased occurrence of non-Hodgkin’s lymphoma
in Hiroshima only in persons who probably had
been exposed to high doses of A-bomb
radiation.®® This study also suggested the
possibility that multiple myeloma is radiation

related, but the resuits were nof significant.

Current mortality data continues to be suggestive
of a radiation effect for lymphoma** Preliminary
data from a study currently in progress is
consistent with a radiation effect for multiple
myeloma in both Hiroshima and Nagasaki.’
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The excess risk in the high dose group first
became apparent about 20 years following
exposure.

Mortality figures for stomach cancer demonstrate
a moderately increased risk for persons exposed
to 100 rad or more.* Most of the excess of
stomach cancer for exposed persons has occurred
in Hiroshima; an increased risk in Nagasaki is

evident only at extremely high exposure levels.5”

Mortality information for cancers of the
esophagus and urinary tract is suggestive of a
modest radiation effect for these tumors.*® An
incidence study of urinary bladder tumors for
the period 1961-72 suggests that persons in both
cities who were exposed to 100 rad or more at
age 40 or older are at increased risk for the
occurrence of certain bladder tumors.®®

A current pathology study has demonstrated an
increased risk of primary brain tumors with
clinical symptoms for males exposed to 100
rad or more.®®

To date, no radiation relationship has been
found for cancers of the gallbladder, bile duct,
bone, skin, or prostate,

There is little evidence that radiation exposure
has been responsible for the induction of disease
other than neoplasms. A current study of
cardiovascular disease in the AHS population,
however, has demonstrated a significant increase
in the incidence of stroke and coronary heart
disease in heavily exposed women in Hiroshima
between the years 1958-74." This has been
most apparent in recent years and in those
exposed at a younger age. Although the radiation
associated excess could not be explained by an
increase in major cardiovascular disease risk
factors, it was concluded that the excess incidence
of stroke and coronary heart disease observed in
Hiroshima women was more likely related to an
unrecognized cardiovascular disease risk factor
than atomic radiation.

Most studies of a possible relationship between
radiation exposure and the increased occurrence
of infectious, inflammatory, or immunologic
disorders have been negative.” Studies have
been suggestive, however, of possible impairment
of influenza antibody response in some in utero
exposed persons':'2 and an increased prevalence of
hepatitis associated antigen in the serum of
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TABLE 3 EFFECTS FOR WHICH NO RELATIONSHIP WITH
A-BOMB EXPOSURE HAS BEEN SHOWN
#3 ERFERIOMIMEF2Ls T 0EE

® Increased birth defectsinthe Fy  H#ED FH (F, #K) o R X4 O
® Increased F mortality HERHEOTH (F, ) @FECHRMEM

® Infertility T4

® Accelerated aging IR 8

® Altered immunologic function RIEWIENRY

® Disease other than neoplasm Vil s s

heavily exposed individuals in comparison to
their controls.”™ Preliminary studies strongly
suggest that the T to B lymphocyte ratio and the
phytohemagglutinin responsiveness of the T
lymphocytes of heavily exposed persons, especial-
ly those of older age, are moderately depressed.™

A Hiroshima study in the early 1960s was
suggestive of a radiation effect for the occurrence
of myelofibrosis, but the data were not
conclusive,

A number of important studies have been
conducted at ABCC-RERF for which the results
were negative for radiation effects (Table 3).
Perhaps the most important are those relating to
the genetic effects of A-bomb exposure.™™
No significant effects of parental exposure to
the A-bombs were observed in 70,000 pregnancy
terminations for the occurrence of stillbirths,
birth defects, infant mortality, or alterations in
birth weight.” The early studies of sex-ratio of
the offspring suggested alterations which
depended on the parental radiation exposure
experience,”’ but this finding was not borne out
in the complete study."8 Subsequent studies
have failed to demonstrate any relationship
between parental exposure and mortality in the
first generation offspring. ™%

Although there has been no evidence of increased
leukemia incidence in the offspring of persons
exposed to the A-bomb, it is appreciated, how-
ever, that these children are now coming into the
age of higher cancer incidence so that continuous
follow-up of this group will be important. The
fact that no untoward medical effects have been
detected in the F; generation does not prove
that genetic effects do not exist. It may reflect

only that an effect is too small to be detected by

the study methods empioyed, or that the
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methodology is not appropriate, An awareness
of this was the reason for extension of the
cytogenetics studies to the Fj individuals and
development of the Biochemical Genetics
Program to search for the possible increased
occurrence of radiation-induced mutations at
the molecular level in the children of A-bomb
exposed parents.'*!38L  The plan is to use
electrophoretic and kinetic techniques over the
next 5 to 6 years to search for ‘new’ mutations
occurring in some 25 to 40 serum and red blood
cell protein systems, and to compare the fre-
quency of these presumed mutants in about
25,000 offspring of exposed and control parents.
Most of these children also will have peripheral
blood lymphocyte cytogenetic examinations for
evidence of chromosomal aberrations.

No disease peculiar to radiation exposure has
been detected. The exposed persons have not
demonstrated evidence of impaired resistance
to bacterial infection or alterations in their
immune mechanisms. There is no definite
evidence of nonspecific radiation effects such as
acceleration of the aging process or life shorten-
ing which has been hypothesized by findings
from animal experimentation.??

Other important negative findings in the study
of survivors in Hiroshima and Nagasaki are lack
of evidence of diminished fertility of either
females or of males who were exposed to
ionizing radiation while in utero or in the
prepubertal period.®®  The marriage rate is
lower for persons heavily exposed in utero than
in the nonexposed or lightly exposed individuals.
However, no consistent relationship has been
observed between radiation exposure and
childless marriages, number of births, or the
interval between marriage and first birth.%s

To sum up, perhaps the most important negative
findings are those relating to genetic effects.
The absence of evidence of deleterious effects in
the F{ population to date is most reassuring in
view of the alarming predictions that were made
in the early years following the bombs. The
final outcome, however, must await the results of
F| mortality studies, cytogenetic examinations,
the current search for evidence of mutation at
the biochemical level, and possibly more refined
studies of the future,

The lack of .a unique disease entity that can be
attributed to or associated with the bomb is, of
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TABLE 4 CANCER RISK ESTIMATES FOR A-BOMB SURVIVORS,
AGES, SEXES, AND CITIES COMBINED

FEREREOHEERRSE, ¢ERRUVFHEAH, EBERUVES

. Relative Risk* Absolute Risk*

Malignancy lﬁi‘;‘; 4 Tyt R " E’;ﬁis; gg;ﬁws Reference
Data 0+ rad Person-year-rad

Leukemia 1950-74 Mortality 10.5 {8.3-13.3) 1.92 (1.76-2.07) 44
Breast (Female) 1950-74 incidence 3.3 (2.6- 4.1) 0.36 (0.10-0.62) 44,56
Thyroid 1959-71  Incidence 2.5 (1.6- 4.0) - 52
Urinary Tract 1950-74 Mortality 2.2(1.3- 3.1} 0.13(0.02-0.25}) 44
Lymphoma 1950-74 Mortality 1.8 (1.1- 2.7} 0.18 (0.06-0.29}) 44
Lung 1950-74 Mortality 1.8(1.4- 2.2) 0.35(0.12-0.58) 44
Esophagus 1950-74 Mortality 1.6 (1.0- 2.2) 0.19 (0.04-0.33) 44
Stomach 1950-74 Mortality 1.2(1.0- 1.3) 0.64 (0.17-1.12) 44

*80% confidence intervals for relative risk and 90% for absolute risk.

®LIHILCME i B R B0 %, MR X%,

course, a matter of confusion to many. It is
understandable for a survivor or his family to
associate any illness, or disability with exposure
to A-bomb radiation. Because epidemiologic
studies deal with the experience of groups of
people, it is not possible to ascertain whether the
complaints of an individual even in well sub-
stantiated dose responses involving, say, a
neoplasm, originated specifically from exposure
to A-bomb radiation.

The studies to date make clear the effect of
ionizing radiation on the induction of cancer.
The relative risk of those exposed to substantial
doses of radiation is high (Table 4). On the
other hand. the number of survivors so affected
is still small in absolute terms. By the end of
1974, the excess deaths from leukemia numbered
about 85 and about 100 from other forms of
cancer in the RERF study population of about
110,000. For the approximately 285,000
registrants in the 1950 A-bomb Survey, it may be
estimated that there were in the 24-year-period
1950-74 some 400-500 radiation-induced cancer
deaths.® This may be compared with the
estimated total of 70,000 naturally occurring
deaths among the total survivors. Withorjt, in

any way, minimizing the importance of these.

radiation-induced cancer deaths, it is clear that
they are not of sufficlent magnitude to affect
sipnificantly the survival rate for the A-bomb

exposed population. This observation should be’

reassuring to the survivors of ‘this tragic event.

Equally, if not more reassuring, is the absence to

date of evidence of genetic damage.
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An intensive surveillance program for the
detection of other late radiation effects conti-
nues at RERF. The introduction of new
immunologic, tissue culture, cytogenetic, radio-

immunoassay, and cytofluorometric techniques

for the detection of possible radiation-induced
changes at cellular or subceliular levels has
greatly broadened the scope of current investiga-
tions. Particular emphasis now is being placed on
the detection of subtle alterations in immunologic
function in relationship to aging and the occur-
rence of radiationinduced neoplasia. The
interactions of competing risk factors for various
types of cancer provide many new challenges in
the field of epidemiclogy. The massive search
for protein variants in the F; population by
means of electrophoretic and kinetic techniques
may provide the largest body of information
known to man on the risk of radiation-induced
genetic damage and the natural mutation rate in
man. Restructured health examination programs
will emphasize early cancer detection, cancer
education, and programs in lifetime health
monitoring,

The results of current studies at RERF continue
to contribute to man’s knowledge of the late
biological effects of excessive radiation exposure.
A number of difficult problems remain to be
resolved. The REREF staff, its advisors, and many
other persons responsible for support of the
RERF program are aware of the importance of
resolving these problems and will continue to
work together in the achievement of this goal.

RERF TR 16-78
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