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MALIGNANT LYMPHOMA IN SURVIVORS OF THE ATOMIC BOMB
HIROSHIMA

LEODEBRBEBEEHRTELCSTZ2EBHKY v VB

INTRODUCTION

A causal relation between leukemia and ionizing
radiation has been well documented in both man

4 Similarly, there is an

and laboratory animals.
increased frequency of myelofibrosis with myeloid
metaplasia in survivors of the atomic bomb in
Hiroshima.® Since a close relationship between
the myeloproliferative disorders and malignant
lymphomas is now generally accepted, an increased
occurrence of the malignant lymphomas might be

expected in survivors of the atomic bomb.,

This report concerns the prevalence of Hodgkin’s
disease, lymphosarcoma, reticulum cell sarcoma,
and multiple myeloma in the surgical and autopsy
material examined at the Atomic Bomb Casualty
Commission (ABCC), Hiroshima, Japan during
1949-62. The study includes 91 cases of unequivocal
malignant lymphoma diagnosed by lymph node
biopsy or autopsy, or both. An analysis of this ma-
terial shows an increased prevalence of malignant
lymphoma in those examined at autopsy who were

within 1400 m from the hypocenter at the time of
the bomb (ATB).

METHODS AND MATERIALS

All autopsies for 1949-62 recorded as demon-
strating malignant lymphoma, malignant reticulo-
endotheliosis, leukemia, or unexplained lymphade-
nopathy were reviewed histologically. All diagnostic
lymph node biopsies examined at ABCC in the
same period were also examined. ‘Diagnostic’
refers to a lymph node biopsy that might be
expected to yield a diagnosis of lymphoma in
contradistinction to a therapeutic lymph node
extirpation as a part of another surgical procedure,
e.g., a radical mastectomy with an axillary lymph
node dissection. A person represented by more
than one biopsy with the same pathologic diagnosis
was considered as one case.
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All autopsy and surgical cases tentatively con-
sidered to represent malignant lymphoma were
next evaluated clinically and hematologically. The
putative type of lymphoma was then determined by
each author independently. The age and sex of
the patient were noted. The date of the initial
histologic diagnosis and the onset of symptoms
referable to lymphoma, usually unexplained lymphade-
nopathy, were recorded.

Based on the histologic appearance, the resultant
91 cases of unequivocal lymphoma were divided
into 4 categories: Hodgkin’s disease, reticulum
cell sarcoma, lymphosarcoma and multiple myeloma.
No cases of giant cell follicular lymphoma were
identified. Hodgkin’s disease was diagnosed only
in the presence of unequivocal Reed-Sternherg
cells. Multiple myeloma is certainly not universally
accepted as a lymphoma; however, because of the
growing evidence of a close relationship between
multiple myeloma and lymphosarcoma, the former
has been included in the present report. No
cases of plasmacytoma, extra-osseous myeloma, or
plasma cell leukemia were found in either the
surgical or the autopsy material.

Four persons were included in both the autopsy
and surgical series. These cases had both a
diagnostic lymph node biopsy examination and
autopsy at ABCC. They were purposely retained in
both series since the autopsy and surgical materials
are analyzed separately and since certain temporal
relationships between the 2 series are examined.

It is emphasized that only those cases considered
to represent unequivocal lymphoma were included
in the present study. There are undoubtedly
additional cases of lymphoma, especially among
the lymph node biopsies for which insufficient
clinical and/or hematologic data often made it
impossible to exclude the possibility of leukemia.
Exclusion of all such cases was felt to be important
since the inclusion of only a few cases of leukemia,
known to be increased pﬁst irradiation, would bias
the study. Therefore, cases of lymphoma demon-
strated by other than ‘diagnostic’ lymph node
biopsy were excluded from the study. Such
material, mainly gastric resections, was generally
accompanied by insufficient clinical and hematologic
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data to exclude other diagnostic possibilities. Also,
identification of pseudolymphomas of the gastro-
intestinal tract is occasionally difficult solely on
the basis of a single specimen.®”

After classification of the cases included in this
report, the exposure data were examined. The
problems and inaccuracies in determining individual
dosages of absorbed radiation from the atomic
bomb explosion on 6 August 1945 have been
detailed elsewhere.® %3 In general, an individual’s
distance from the hypocenter is accurate and a
basis for an estimation of absorbed radiation.
However, the other factors necessary for calcu-
lation of individual dosages are subject to con-
siderable error since uncertainties still exist
regarding air doses at various exposure gradients
and the attenuation from man-made and natural
objects. Therefore, individual dose estimates
have not been included in the present report and
exposure gradients have been determined solely by
horizontal distance from the hypocenter. Three
major comparison groups were used: Cases within
1400 m; cases at 1400-9999m; and, those not in
the city ATB. Additional groupings in the analysis
were based on increments of 500 m. Prevalence
was expressed per 10° autopsies or diagnostic
lymph node biopsies. This denominator was
selected arbitrarily since it had been used in
previous reports.®®

The autopsy program was formally initiated in
Hiroshima in June 1949 although a few cases
were included from 1948. Initially, autopsy per-
mission was obtained by family physicians and
ABCC professional staff, often according to
specific interests. This and other related areas of
bias are discussed elsewhere.” The problems
were most acute in persons dying with a clinical
diagnosis of a disease thought to be radiation-
induced, e.g., leukemia or aplastic anemia. Since
1954 autopsy permission has been obtained by lay
autopsy contactors. More recently post-mortem
examinations have been almost entirely limited to
members of the JNIH-ABCC Life Span Study,!”
a carefully selected sample of atomic bomb survivors
and matched individuals who were not in the city
ATB. In Hiroshima this sample includes approxi-
mately 74,000 individuals.
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A possible relationship between the lymphomas
and radiation in humans was not suspected until
recently. The lymphoma prevalence figures may
be biased by an early concentration on obtaining
autopsies in persons dying with malignancies;
however, this may not be an important factor
since only 3 cases of lymphoma were autopsied at
ABCC prior to 1954.

Surgical pathology was initiated in 1949 mainly
as a community service. It was realized that a
few patients of primary interest to ABCC would be
more correctly diagnosed because of this service;
however, the fundamental concern was to provide
pathologic examination of surgical specimens in a
large community then without a sufficient number
of surgical pathologists. During 1949-62, specimens
examined numbered 27,194. Approximately 63%
of the examinations were on tissues from patients
not in Hiroshima ATB. Also, only about 15% of
the specimens in Hiroshima were from patients in
the Life Span Study sample which comprises the
primary research responsibility of ABCC." Now,
with the establishment of several surgical pathology
services in Hiroshima, ABCC examines only about
50% of the surgical tissues removed locally.

There are several sources of bias in the surgical
pathology material. Since leukemia is increased
in incidence among survivors of the atomic bomb,
bone marrow examinations are more frequent in
this group, especially among those nearest the
hypocenter. Of primary importance is the group
selected, from the Life Span Study sample, for
intensive clinical investigation in the ABCC-JNIH
Adult Health Study.'" This medical subsample
consists of approximately 20,000 persons who
undergo periodic health examinations at ABCC.
The subsample is purposely weighted to emphasize
proximity to the hypocenter and the occurrence of
major radiation symptoms. Individuals at 2000-
2999 m are excluded and only about 25% of the
sample were not in the city ATB. In the periodic
medical examinations, a Papanicolaou smear is
taken and submitted to pathology, unless the person
objects. This study group supplies approximately
409% of all such smears examined at ABCC. In
addition, a disproportionate number of other
specimens from this group is submitted to pathology
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and thus 10% of the total surgical pathology
material comes from the medical subsample,?
However, the number of lymph node biopsies from
the medical subsample is not disproportionately
large and only 3 cases of lymphoma have been
diagnosed histologically from this source. For
these reasons, observations in the present study
are related to the number of diagnostic lymph node
biopsies rather than total surgical specimens.

RESULTS
Prevalence of Lymphoma

Table 1 summarizes the prevalence of all cases
of malignant lymphoma for various distance groups
as demonstrated at ABCC both by diagnostic
lymph node biopsy and autopsy. The prevalence
of malignant lymphoma in both the surgical and
autopsy material increases from about 2000 m as
the distance from the hypocenter decreases.
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TABLE 1 LYMPHOMA PREVALENCE IN AUTOPSY AND SURGICAL CASES BY DISTANCE FROM HYPOCENTER
ABCC, 1948-62

£l b LUHENEEERERICET Y v M EEHE LS S ORI, ABCC Hri 7 (1948 — 624 )

Distance EEME (m ) Total & #
Category 1000 1500 2000 Not in city
. - 500- - : ¥
F < 2500+ F, = i
K5 000 1490 1999 2499 3 09999 “mmwe
Autopsies 49 248 314 247 467 1325 962
EURE 24
Cases of lymphoma as shown by autopsy 5 4 5 3 7 24 13
Bifiic k5 ¥ A E
Estimated prevalence of lymphoma per 10® autopsies 10,204 1613 1593 1215 1499 1809 1351
BIEE0 M0 @) o
Diagnostic lymph node biopsies 9 24 23 18 76 151 412
FBEIE ) v R EE W
Cases of lymphoma as shown by lymph node biopsy 4 8 4 1 7 22 32
VoI LA ) v E R
FEstimated prevalence of lymphoma per 107 lymph node
biopsies J ¥ /UEEMERIOG L O @) » oS EBEE B 44,444 25,000 17,391 6555 9210 14,666 7769

Autopsy Prevalence by Type of Lymphoma

Table 2 shows the prevalence per 10° autopsies
of the various types of lymphoma within comparison
groups at ABCC and the prevalence for the
remainder of Japan. This latter figure is derived
from several autopsy series including one with
38,107 autopsies and is considered reliable.!!"1?
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TABLE 2 AUTOPSY PREVALENCE BY TYPE OF LYMPHOMA/105 AUTOPSIES

%2 HBIEsUy SEoRHBAERE (BHR0GHY)
. Hiroshima LB
Ype : ——— Remainder
o Dlstance il {_m_) Not in city of Japan
<1400 1400-9999 P A fE H oA 0 fll o fi I

Hndgkin"s disease & ¥ ¥ v # 1255 368 207 349
Lymphosarcoma Yy iR 1674 154 416 a3s
Reticulum cell sarcoma #8 # il fa i4 I 418 552 624 980
Multiple myeloma % S84 HilE 418 276 104 141
Total & #t 3766 1351 1804

1381

It is apparent from Table 2 that the prevalence
of lymphosarcoma, Hodgkin’s disease and multiple
myeloma is increased in the group within 1400 m
in comparison with the other groups. Less
reticulum cell sarcoma occurred in the group
within 1400m than in any other group. In the
group within 1400 m there are 4 cases of lympho-
sarcoma. 3 cases of Hodgkin's disease, and one
each of reticulum cell sarcoma and multiple myeloma.
In this group lymphosarcoma and Hodgkin’s disease
show a definite increase in prevalence in com-
parison with the other 2 groups and the remainder
of Japan. This increase averages 4-fold with
Hodgkin's disease and 5-fold with lymphosarcoma.
Therefore, lymphosarcoma appears to show the
greatest increase in frequency, both in comparison
with the other lymphomas in the group within
1400 m and in a comparison between this group
and the other groups. Multiple myeloma is slightly
increased in prevalence in the group within 1400 m
in comparison with the other groups. A similar
comparison with reticulum cell sarcoma shows
that the prevalence of this lymphoma is from
95%-57% less in the group within 1400 m than in
the other groups. The reasons for this seeming
paradox are obscure. Since reticulum cell sarcoma
and Hodgkin's disease are frequently confused
histologically, it might be suspected that some
cases of reticulum cell sarcoma were erroneously
diagnosed as Hodgkin’s disease in the present
study. However, this does not seem to be a
contributory factor since rigid criteria were used

in the diagnosis of Hodgkin’s disease.
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In this connection, no morphologic differences
were apparent between the corresponding diagnostic
categories of lymphoma in any comparison group
and no method was found to determine histologically
if an individual case was radiation-induced or
naturally occurring.

The overall rate of lymphoma in the group
within 1400 m is 2.7 times the rate in the group
1400-9999 m and the group not in the city ATB,
and, 2 times the rate in the remainder of Japan.

The relative frequencies of the various lymphomas
as demonstrated by lymph node biopsy are not
included because of the known propensity of such
tumors to change type during the course of the
disease. In general, however, similar relationships
are found except that there are relatively more cases
of lymphosarcoma in the group within 1400 m.

American pathologists at ABCC and Japanese
pathologists who have studied in the United States
concur that the comparative frequency of the
various types of malignant lymphoma in Japan
differs from that in the United States. The most
striking difference is in reticulum cell sarcoma
which, although relatively rare in the United States,
is the most common malignant lymphoma in Japan.

It is difficult to determine the demarcation point
for individuals who experienced sufficient irradiation
ATB to permit the postulation of a possible causal
relationship to subsequent disease states and those
with insignificant irradiation in whom the develop-
ment of subsequent disease entities must be
considered coincidental. The exposure data relative
to this problem are outlined in Table 3 and
involves especially those at 1400-2000m. It is
emphasized that the absorbed radiation doses in
this table are for an unshielded individual and
hence maximal estimates. Also, these dosage
estimates are subject to considerable error, and
are probably too large, perhaps by as much as a
factor of 2.%*% 1In a previous report,” 2000m
was selected as the limit for biologic effects
attributable to radiation absorbed ATB. More
recently it has been suggested that this figure
may be unduly conservative and that 1400m
might be a more accurate demarcation point.'*1?
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Theoretically, as the critical demarcation point is
passed, the frequency of a specific disease entity
should approach the frequency in the population
not in the city ATB. In this connection, Table 2
shows that the prevalence of malignant lymphoma
in individuals at 1400 m or more, nearly equates
with the prevalence in the ABCC autopsy popu-
lation not in the city ATB.
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TABLE 3 ESTIMATED ABSORBED RADIATION (T 57D) BY DISTANCE FROM HYPOCENTER
£3  HeEWPUKSTRE (T57D): LA 50 MR

Estimated Dose*

Distance M (m) s it {(rad)

Surviving HEE -
Populationt 1 # # Renarks WE

< 1000 i
1000-1399 177-1060 29,590
1400-1599 T7-177
1600-1799 34-77 .-
1800-1999 15-34
2000-9999 0-15 67,267
10,000
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Biologic effects questioned by many observers
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Distribution by Age

Figure 1 indicates the distribution by age at
death of all cases of malignant lymphoma autopsied
at ABCC prior to 1 January 1963. In the group
within 1400 m there are 9 cases averaging 39
years of age at death. The average age at death
in the 1400-9999m group (15 cases) is 56 years
and in the not-in-city group (13 cases) 49 years
and these figures compare well with those of
Tsuzura, based on 22,661 autopsies, which shows
that the largest percentage of deaths from
malignant lymphoma in the remainder of Japan
is in the 50-59 age group."

Although the numbers are small, the data in
Figure 1 suggest a shift to a younger than average
age at death among the cases of lymphoma in the
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FIGURE 1 DISTRIBUTION BY AGE AT DEATH OF AUTOPSIED CASES OF LYMPHOMA,
ABCC HIROSHIMA, 1948-62
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group within 1400 m and implies that radiation
may be the causative factor. This hypothesis may
be true but other factors must be considered. The
surviving population in Hiroshima is unusual in
that most of the healthy voung male citizens were
away in the armed forces ATB. This is evident
from Figure 2 which depicts the surviving popu-
lation in Hiroshima at the October 1950 National
Census. However, the striking difference in age at
death between those within 1400 m and those at
1400-9999 m suggests that the asymmetry of the
surviving male population is probably not a signifi-
cant factor in the age shift in the cases within
1400m. A second factor is the inevitable aging
of the survivor population, since it gains no new
By 31 December 1962 the
youngest survivor was 17 years of age. However,
the result of this effect, if any, would be expected
to only raise still more the average age at death

young members.

of members of this population with lymphoma.
Therefore, there appears to be a true- shift in the
age at death from malignant lymphoma among
those within 1400m in . nparison with those at
1400-9999 m and those not in the city ATB; also,
this shift may be even greater than is apparent in
Figure 1 because of the peculiarities of the
survivor population.
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FIGURE 2 ATOMIC BOMB SURVIVORS IN 1950 CENSUS BY AGE AND SEX
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Distribution by Sex

Figure 3 indicates the distribution by comparison
group and sex of all cases of malignant lymphoma
autopsied at ABCC prior to 1 January 1963. The
prevalence of lymphoma was slightly increased
among males within 1400 m but this may not be
significant. However, there were relatively fewer
male survivors, especially in the middle ages of
30 to 60 years where lymphoma is more frequent

(Figure 2).

Temporal Relationships

The average date of the initial histologic diagnosis
at ABCC by diagnostic lymph node biopsy obtained
from atomic bomb survivors is May 1954; the
average date of death among the 24 cases of
lymphoma in survivors autopsied at ABCC is
August 1956. Although the surgical and autopsy
case materials are not related, these are generally
expected time relationships, assuming a single
peak in the incidence of lymphoma following a
The estimated
duration of the clinical course, the estimated total

single lymphomogenic stimulus.

symptomatic course and the course post histologic
diagnosis of lymphoma, did not differ significantly
between the survivors and others autopsied.
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 FIGURE 3 DISTRIBUTION BY SEX OF AUTOPSIED CASES OF LYMPHOMA, ABCC HIROSHIMA, 194862
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DISCUSSION

Although much experimental effort has been
expended employing a variety of lahoratory animals,
the relationship between radiation and malignant
lymphoma remains unclear. The majority of
experiments used mice, with resultant confusion
from thymic lymphoma. This unique neoplasm
embodies characteristics of both leukemia and
lymphoma, is probably virus-linked'® and is increased
in a direct relationship with dose following
irradiation.” Also, the onset of this malignancy is
hastened by irradiation. In mice exposed to
varying doses of neutrons and gamma-rays during
an experimental atomic detonation, nonthymic
lymphomas decrease strikingly and the incidence
appears to be inversely proportional to dose, i.e.
the larger the dose the lower the incidence of

nonthymic lymphoma.*

This surprising relationship
persists even after appropriate corrections for

differences in longevity.

The relationship between irradiation and neoplasia
has been studied extensively in the rat. At
present, there appears to be no increase in
malignant lymphoma in rats exposed acutely or
chronically to radiation.!™!'? Similarly no increased
incidence of lymphoma has been found in rabbits,
dogs or guinea pigs chronically exposed to radi-
ation.'®
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The present study demonstrates a moderate
increase in the frequency of malignant lymphoma
among atomic bomb survivors in Hiroshima.
Within around 2000 m the increased prevalence
appears to be roughly inversely related to an
individual’s distance from the hypocenter ATB.
However, in the autopsy series the only striking
increase was found in survivors within 1000 m
from the hypocenter and the apparent increase in
those at 1000-1999m is regarded as equivocal.
Also the early emphasis on malignant disease and
proximity to the hypocenter, among other things,
has biased the overall autopsy population. Con-
clusions based on the entire autopsy series must
therefore be considered tentative until better data
are available from the Life Span Study which is
epidemiologically sound. An analysis, however, of
total lymphoma cases in this carefully matched
sample shows increased lymphoma among those
within 1400m with almost the same prevalence
figures reported in the present series for the
various study groups, although the total number of
cases is too small to be statistically significant.*
This study sample contains little or no bias with
respect to autopsy procurement in malignant
tumors.? Also, the demonstration of the relation-
ship between radiation and lymphoma in 2 essen-
tially independent sources of case material, i.e.
the surgical and autopsy material, is felt to be
very important. Thus, although the numbers of
cases are relatively small and differences in
prevalence between the comparison groups are
occasionally not dramatic, a definite causal
relationship between radiation and lymphoma

appears to exist in the pathology material at
ABCC Hiroshima.

The differential diagnosis between lymphoma
and leukemia on histologic grounds is often
difficult, especially on the basis of a single lymph
node biopsy. Leukemia is known to be increased
by exposure to ionizing radiation. It might be
suspected, therefore, that the present study has
been biased inadvertently by a few cases of
leukemia that were incorrectly diagnosed as
lymphoma. For this reason all equivocal cases
were excluded from consideration. Also, the most
difficult distinction to make histologically, especially
on alymph node biopsy, is between lymphosarcoma
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and chronic lymphatic leukemia. An increase in
chronic lymphatic leukemia related to the atomic

bomb has not been observed.?

in connection with the
present study, is the work of Kaplan showing
young mice to be markedly more susceptible than

Of special interest,

older mice to the induction of lymphocytic lymphomas
by radiation.?! The maximum incidence of radiation-
induced lymphoid tumors was in mice exposed at
2 months and subsequent ages. In the autopsy
cases reviewed herein there appears to be a shift
to younger age at death. It might be suspected
that individuals nearer the hypocenter died at a
younger age because irradiation had induced a
more fulminate course with shortened survival.
However, those within 1400 m, those at 1400-9999 m
and those not in the city ATB show no differences
in length of survival after onset of symptoms
referable to lymphoma or in total course after
Therefore, the
shift in age at death suggests either that persons
irradiated at younger ages are more susceptible

reported histologic diagnosis.

to radiation-induced lymphomas or that persons
predisposed to develop lymphoma do so at a
younger age following irradiation than they would
otherwise. Continued observation theoretically
would resolve this question. If the hj-'pothesis is
correct that radiation accelerates tumor induction
in predisposed individuals, a period with lowered
prevalence would be expected after the peak
frequency has passed.

SUMMARY

The present study demonstrates an increased
prevalence of Hodgkin’s disease, lymphosarcoma
and multiple myeloma in survivors within 1400 m
from the hypocenter in Hiroshima who had surgical
or post-mortem examinations at ABCC. Reticulum
cell sarcoma appears to have decreased prevalence
in this same group. The pathologic material
demonstrating these relationships consists of 91
cases of unequivocal malignant lymphoma and is
drawn from two essentially independent ABCC
sources, the autopsy series and diagnostic lymph
node biopsies. A consideration of the epidemiologic
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characteristics of this material supports the view
that the increase in prevalence is a reflection of
the occurrence of lymphoma in the general
population of survivors within 1400 m of the
hypocenter. In addition, among such persons
autopsied at ABCC there appears to be a shift to
death at an earlier age than is found in the other
comparison groups. The possible implications of
this are discussed. A comparison of the lymphomas
examined shows no morphologic differences in
the corresponding diagnostic categories between
the various comparison groups.
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