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AUTOPSY STUDY OF LEUKEMIA IN HIROSHIMA
KBS 3280KO KB AB

INTRODUCTION

Leukemia is known to be increased in prevalence
following exposure to ionizing radiation.1-5 At present
there is no evidence that leukemia developing in survivors
of the atomic bomb explosion of 6 August 1945 is
different clinically or chemically from the ‘natural’ type
101t has
been the general impression of the pathologists who have

which develops in the nonexposed Japanese.”

studied these cases at autopsy that there are also no
morphologic differences between radiation-induced leukemia
and the ‘naturally’ occurring variety. However, no
systematic study has been made in an effort to document
this impression. The present report concerns 157 cases of
leukemia autopsied at the Atomic Bomb Casualty Commission
(ABCC), Hiroshima, Japan during 1949-62. Correlations
are made between exposure status and type of leukemia,
age, duration of symptoms and degree of organomegaly.
Attention is also directed to diffuse bone marrow fibrosis
in association with leukemia and the possible pathogenesis
of this phenomenon.

METHODS AND MATERIALS

Autopsy protocols and histologic slides were reviewed in
all 171 cases recorded as leukemia at ABCC Hiroshima
prior to 1 January 1963. The weights of the liver and
spleen were noted in each case; significant organomegaly
in other tissues was recorded. The extent and character
of the leukemic infiltrates was examined, not only in
relation to the reticuloendothelial system, but also in
those tissues known to be most severely altered in acute
radiation injury, e.g., testes, ovaries, which might prove
to be unusually susceptible to subsequent leukemic involve-
ment. Associated diseases, the presence or absence of
other neoplasms of a benign or malignant nature and the
terminal complications of the primary disease process
were recorded. Tuberculosis in association with this
series of leukemia cases is reported separate]y“ as are
the central nervous system findings in leukemia.'® The
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bone marrow was evaluated using special stains; specifi-
cally noted were the degree of cellularity, the preservation,
if any, of the various normal cell types, the character of
the leukemic involvement and the presence of medullary
fibrosis. Bone marrow fibrosis was classified as focal or
diffuse. ‘Diffuse,’ as used in this report, indicates that
fibrosis was not sharply circumscribed and was generally
present throughout histologic sections of bone marrow
sampled from at least 2 anatomically different sites.

Following a review of the autopsy material, premortem
peripheral blood smears and bone marrow aspirates were
examined when available. In all cases considered morpho-
logically to represent leukemia unequivocally, the clinical
record was examined. Specifically noted, in addition to
general information, was the nature of antileukemic
therapy and the duration of the clinical course after the
onset of symptoms referable to leukemia, i.e., the duration
of clinically manifest leukemia as estimated from the
history submitted by the referring physician. The initial
symptoms were generally those ascribable to anemia,
thrombocytopenia, massive splenomegaly or altered re-
sistance to infection. Occasionally a case was diagnosed
on a routine examination in the absence of symptbrﬁs
suggestive of leukemia; in such instances, the examination
date was designated as the time of onset. The cases
were then classified according to standard diagnostic
criteria."?

The same cases have been examined by Finch and
co-workers as a part of the ABCC Leukemia Detection
'Pl'ogl'ﬁm-H Their diagnoses, as to type of leukemia,
were compared with those established by the present
reviewers. All cases in which disagreement existed as to
cell type were excluded. In 6 cases where there was
disagreement as to whether the leukemic process was
acute, subacute or chronic, the subclassification of the
Leukemia Detection Program was arbitrarily used. Also
excluded were all cases of myelofibrosis including those
showing a transition to leukemia'® and cases with
inconclusive or inadequate autopsy material. The remain-
ing 157 cases comprised the basis of this study.

Ideally, cases should be grouped by the amount of
radiation absorbed at the time of the atomic bomb (ATB),
however, uncertainties exist regarding air dose estimates
and the degree of attenuation (shielding) provided by
man-made and natural objects. These problems are
discussed in detail elsewhere.”" """ In general, a good
though rough correlation exists between the individual's
distance from the hypocenter and the amount of radiation
absorbed ATB. Thus, in the present study, cases were
grouped with distance from the hypocenter as a relative

index of exposure.
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Uncertainties also exist as to the demarcation point
between those individuals who absorbed a significant
amount of radiation ATB and in whom a possible causal
relationship can be postulated with respect to subsequent
disease entities and those persons who absorbed an
amount of questionable biologic significance and in whom
the development of subsequent disease states must be
considered as possibly coincidental. Recent ABCC
studies have divided the population at 1400m?!! 1% 161820
to isolate a group of survivors who absorbed a significant
dose of radiation on 6 August 1945. The dose in persons
located within 1400 m from the hypocenter, is thought to
be of biologic importance since certain disease entities,
especially those primarily involving the reticuloendothelial
system, have been shown to be increased within this
group.” 121 Therefore, the cases that comprise this
report were grouped as follows:

Persons located at 0-1399m from the hypocenter; those
at 1400-9999m; and, those not in the city of Hiroshima ATB.

A few comments about the survivor population in
Hiroshima and the Leukemia Detection Program may
facilitate an understanding of the subsequent discussion.
Although estimates vary widely, the civilian population of
Hiroshima on 6 August 1945 was probably close to
255,000.%"  Of this number, about 64,600 were killed,
others died subsequently, and many permanently left the
city following the explosion so that by the 1953 census
there were less than 12,000 persons still residing in

Hiroshima who had been within 1400 m from the hypocenter.

A large post-war influx brought the population of Hiroshima
to over 385,000 by 1958, Therefore, survivors were
greatly outnumbered during the period of this study by
newcomers who were not in the city ATB.

Since 1948, ABCC, in cooperation with local physicians,
has made intensive efforts to detect all hematologic
abnormalities among survivors and the immigrant popu-
lation and it is thought that few, if any, cases of leukemia
have escaped detection. Even prior to 1948, the likelihood
of missing a case of leukemia in Hiroshima or the area
immediately surrounding the city was probably small due
to the efforts of local physicians and teams of scientists
from other parts of Japan and the United States.” Of
all the cases of leukemia known to have died prior to 1

January 1963, approximately 40% have been autopsied
at ABCC.

RESULTS

Figure 1 shows the distribution of leukemia cases by
exposure status and age at death. There are proportionately

BIRRRE I E A AR AR L, Zo®RET S
BRLEZOREMELZRET S 2L TEE3 AL E, &
%?Muﬁﬁﬁmﬁthﬁﬁé%ﬂL,%m%%%?
HEMIKESBR T E L RELE T VAL L
DM OEG Iz >0 T & FIARMEL HATRES 3. ABCC o
REOWETIE, 19454 8 H 6 HIZHE 4 ot a4 ok

LM ER LI ThwE2XBI+ 5 2l
H00m CHEHE T TS, 218, 18- ghormg s
e LTS R T REABLOH A 51400m L)
PHZVAFIZHMIM LT w3 2 HBvohT a5 5.6
DT, TOANAORFABEREEWFNIIRERTHS L
Frohl, Ll THAEE M 2 ERNE RO L
B

i&rt-h_‘k N0 ~1399m D iz v A2, 1400 - 9999 m
\I:-'\"-")L#, j:t 4\}:#“_1‘ J.L\%;rﬁ'LU{;}ﬁ‘qf:.-ﬁ.

EEOEBENOSEN & koA m@HEmmz-ong
HFHRMEMZ B IZE VU TORBOEBARS IS
ot Lhgw. VSESH6HOLEDRBMADE
i HEE R IRk 2 2B A A S 1P 4 #255,000 A
THoR Zdih, HI,600A1ME & L L.
EPCEOBEELEFEL VA, £ LR FikI2k
fix kAR EHELEH 30T, BOHD 51400m
Udemf”wﬁﬁkuﬂﬁiﬁﬁ”&%ﬁr@&t
TWwiaHlR, 12,00A25FTh . RO RS
%KuqumeAudmwﬁiﬁh3%O%AH&

Golze LA TAHABEMMPEIBERCHERIVEL
HEEHEAIBRE RO Lok s RS .

P"

ABCC (X bt oo BERl & [ h L T 19484E L)L Sk 1Rk 17
¥"f3‘<J~'U4if'A' LETA2a5WAMETFRREEERT
oIl LEBhE@ELTEY, 2HIEMTEL
S hAMEREEF L LTEI{ OB THE-HLE
bind, 1M4BEELFTIZ v T4, MIEOEM~AZ S 20
ALEIUAE»COBFEEOSB LT, BEEH 1
F OB BN & H%f-uﬂl!ﬁﬂffﬂifﬁdm‘*bt A HEME 12
ShhorrBhins.’ 196341 A 1 0 LI ZFEE A
HLTWw5 %ﬁMwM®ﬁ%,AmC?u%mﬂm%u
EHMAIT L -

B

1010 5% 5E 5 o0 #EBRARGE & & USFECCRRIERSI A
Bllizmt. EBRERICHANIIO L, o AHE, fhofER



more persons who were not in the city ATB in the
0-19 year age group in comparison with the other age
groups and fewer in the 60+ age group. Also, the
male:female ratio in the group not in the city ATB is
almost double that in the survivors group (1.9:1 vs 1.1:1).
There are at least 2 explanations for these differences
and both relate to epidemiologic peculiarities of the
survivor population.

The distribution by age and sex of the survivor population
is shown in Figure 2. Relatively few males were in the
middle age groups. These men were presumably engaged
in war work away from the city of Hiroshima on 6 August
1945, The post-war immigrants to Hiroshima form a
more symmetric population when grouped by age and sex
and therefore this group contained relatively, and
absolutely, more males than the survivor population.

The survivor population is, by definition, a fixed cohort
and thus gains no new members. By 31 December 1962,
there was no survivor under the age of 17 years and
consequently, during most of the period of the present
study, a segment of the population with a high incidence
of leukemia, 0-5 years, was not represented in the
survivor group. Conversely, the more symmetric immigrant
group is representative of all ages. The survivors are
therefore also of older average age than the immigrants.
These facts probably account for the differences shown
in Figure 1.

Because of these and other discrepancies, direct com-
parisons between these groups are often misleading.
For example, such a comparison involving the duration of
survival following onset of symptoms could suggest that
persons not in the city ATB have a shorter clinical
course than survivors; however, such a difference might
actually be due to a proportionately greater number of
childhood leukemia cases, often accompanied by an
especially short survival, represented in the group not in
the city ATB. Therefore, although data were included
for not-in-city cases, direct comparisons were made only
between the survivors within 1400m and those at
1400-9999 m ATB.

Table 1 shows the distribution of cases by type of
leukemia and exposure status and includes general clinical
information and autopsy data. The cases of leukemia
were distributed as shown in the following tabulation.
There were no cases of chronic lymphatic leukemia at
ABCC Hiroshima during 1949-62. The low incidence of

this type of leukemia in Japan has been noted by others.>*
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Percent of cases in each group
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Acute myelogenous  BEERBEE e 48
Subacute myelogenous M BEHEME ..o 16
Chronic myelogenous fBIEBHENE .o, 41
Acute lymphatic SR e A s 30

Subacute lymphatic  FEEEY ¥ 73 s
Acute myelomonocytic (Naegeli type) 2% & B E%{% ( Naegeli 1)
Acute monocytic (Schilling type)
Acute stem cell

BIEERHIAE s
Bk B - AR

Acute leukemia-type unknown

Total &t

Of the 157 total cases of leukemia, 30 were in the
group within 1400 m, 33 in the 1400-9999m group and
94 were not in the city ATB,

In the diagnostic categories having cases for comparison,
with the exception of acute lymphatic leukemia, the mean
age at death in the group within 1400 m nearly equated
with that for individuals at 1400-9999m. This is what
would be expected, assuming that the 2 groups are
epidemiologically similar. e

3

5

PPEHLERYE ( Schilling #1) 3
5

6

7
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TABLE 1 GENERAL CLINICAL AND AUTOPSY DATA BY TYPE OF LEUKEMIA
AND EXPOSURE STATUS
ERPR - EUMREEL: QAs R b & OYHRIKEE B

%1

Clinical Data Autopsy Findings
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M FECRRER MR TR
Months B Years # g E
Acute Myelogenous <1400 m 6 3.5 42.7 235 1400
BEE Y 1400 - 9999 12 5.3 40.9 286 1468
Not-in-city fjpg F 7 30 5.4 23.2 267 1251
Subacute Myelogenous <1400 m 0 i = . -
Wi 1400 - 9999 5 11.8 50.8 132 1296
Not-in-city fipPa#F & 11 7.3 33.5 233 1421
Chronic Myelogenous <1400 m 13 33.3 44.8 636 1762
1% 5 ik 1400 - 9999 10 44.5 44.3 1663 1939
Not-in-city ™M H T E 18 24.9 35.9 1116 1967
Acute Lymphatic <1400 m 4 3.7 12.5 525 1193
fafEy v 1400 - 9999 3 3.0 34.3 110 1080
Notin-city AT E 23 9.6 18.8 438 1459
Subacute Lymphatic <1400 m 2 13.5 13.0 325 1390
WY o 1400 - 9999 1 13.0 12.0 560 1300
Not-in-city WP ATE 0

Other <1400 m 5 6.2 27.4 278 1592
ot 1400 - 9999 2 1.0 30,5 700 1370

Not-in-city #WAE 12 3.9 23.8 497
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The duration of the estimated total clinical course in
myelogenous leukemia was shorter in the survivors within
1400 m than in those beyond 1400 m; this was true for
both the acute form where the average difference is
1.8 months and the chronic form where it is 11.2 months.
There being no cases of subacute myelogenous leukemia in
survivors within 1400 m comparisons involving this sub-
group were not possible.

A similar comparison with lymphatic leukemia showed an
average difference of 0.7 months and 0.5 months in the
acute and subacute variants respectively with persons
within 1400 m having a longer clinical survival; these
differences do not appear to be of biologic significance.

In the group designated as other, the 5 individuals
within 1400 m averaged 6.2 months between the onset of
hematologic symptoms and death; the comparable figure
for the 2 persons beyond 1400 m was 1.0 months.

Except in acute lymphatic leukemia, the spleens weighed
less in the cases within 1400m than in those beyond
1400 m. This difference ranged from an average of 50 g
in acute myelogenous leukemia to an average 1027g in
chronic myelogenous leukemia, 235 g in subacute lymphatic
leukemia and 420g in the group designated other. In
acute lymphatic leukemia, the spleens weighed an average
415 g less in those within 1400 m. The average weights
of the liver showed no such striking relationships in
comparing the 2 distance groups and, since the average
weight difference for all diagnostic categories was only
115g, hepatic weight comparisons did not appear to
have significance.

The only other feature that possibly distinguished the
leukemias in survivors within 1400m autopsied at ABCC
was an unusual number of cases of chronic myelogenous
leukemia with diffuse bone marrow fibrosis.* Thus, 4 of
the 13 cases within 1400m (39.9%) were found to have
such a change while no similar instance was found
among 10 individuals beyond 1400m. A total of 6 cases
of leukemia with diffuse medullary fibrosis were identified
and all were in association with chronic myelogenous
leukemia. The 2 cases among persons not in the city
ATB constituted 11.1% of this group.
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* An examination of bone marrow sections from all autopsies performed at Hiroshima during 1949-62 (2348 cases) showed that diffuse or
focal bone marrow [ibrosis was extremely rare and only associated with either an expected etiology (i.e., miliary tuberculosis, metastatie tumor)
or with primary hematologic disease. ‘Idiopathic’ diffuse fibrosis was found only in asseciation with chrenic myelogenous leukemia or myelo-

fibrosis with myeloid metaplasia.
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Table 2 compares these 6 individuals and the remainder
of the chronic myelogenous group in whom bone marrow
fibrosis was absent or focal; data is also given for 12
cases of myelofibrosis with myeloid metaplasia which
have been reported previously.” The most striking
difference between the 2 former groups was that leukemic
individuals with diffuse bone marrow fibrosis lived an
average of 12 months longer after the onset of symptoms

than did persons without fibrosis even though 4 of the
6 cases in the former group were individuals within
1400 m and therefore presumably had a shortened survival.
As implied previously, a greater proportion of persons
with diffuse fibrosis were at distances less than 1400 m in
comparison with the group having focal or absent fibrosis
(67 % vs 26 %). In a similar comparison, involving exposure
status, between individuals with diffuse fibrosis and cases
of myelofibrosis with myeloid metaplasia, this difference
was much less (67% vs 58%); indeed, if the cases of
myelofibrosis located at 1402m were included in the
group within 1400 m the results would be identical.
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TABLE 2 CHARACTERIZATION OF CASES OF CHRONIC MYELOGENOUS LEUKEMIA WITH AND WITHOUT
DIFFUSE BONE MARROW FIBROSIS; COMPARATIVE DATA FOR MYELOFIBROSIS

%2 WBMEEMAMELEST AREEHEONFEEN A L0 OO, TR ECo 0 To RERH

Category Character of Estimated Age at Group 3¢
R4 Fibrosis Cases Duration Death  Spleen  Liver <1400m
BHEAL O Rt EPIE sEEn JECRREE BB FF B

Chronic Myelogenous Absent or Focal

18 4 B 81
Diffuse

Myelofibrosis

HHiR{EE

Generally Diffuse
LR

ZL&3ERE....

Months A Years £ g g %
35 30.6 40.5 1017 1905 26.0
[ 42.8 42.7 1025 1842 67.0

Chemotherapy has been implicated in the development
of medullary fibrosis in association with leukemia. The
possibility, therefore, exists that the 6 individuals with
diffuse fibrosis received unusually large amounts of a
variety of antileukemic agents during a protracted clinical
course and thus had a greater opportunity to develop
fibrosis than did persons with a less prolonged survival.
It is difficult to quantitate therapy but there appeared to
be no difference of this type between the 2 groups. Also,
the 6 individuals with diffuse medullary fibrosis were
treated with a variety of therapeutic regimes. Furthermore,
in the majority of these cases, therapy was restricted to
antileukemic agents not associated, at least experimentally,
with bone marrow fibrosis and none of these 6 persons
received P**  or extensive X-ray. Finally, such an

12 32.5 50.5 530 1645 58.0
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interpretation would not explain the increased prevalence
in individuals within 1400 m since all exposure categories
received comparable therapy. From the present study, the
investigators have a distinct impression that, while some
forms of chemotherapy will be associated in rare cases
with focal discrete areas of fibrosis, the generalized or
diffuse form is not directly related to therapy with the
possible exception of P*? or extensive X-ray to multiple sites.

Splenic fibrosis was prominent in the 6 cases with
diffuse bone marrow fibrosis and roughly correlated with
the degree of fibroblastic proliferation in the bone marrow.
A similar relationship has been noted in myelofibrosis
with myeloid rnetaplasia.15 However, other frequent
target organs for leukemic infiltration (liver, lymph nodes,
kidneys, soft tissues) were not found to participate in this
fibroblastic response. Therefore, it seems unlikely that
the malignant myeloid cell can elicit a desmoplastic
reaction in a manner analogous to some epithelial tumors.

No significant differences were observed in associated
diseases or tumors, terminal complications of the leukemic
process or the magnitude or character of the leukemic
infiltrates other than those noted previously. No morpho-
logic changes were evident to enable identification of an
individual case as radiation-induced.

DISCUSSION

In the present study, no method was found to designate
an individual case of leukemia as radiation-induced on
the basis of gross or histologic autopsy findings. However,
in survivors within 1400m cases of acute and chronic
myelogenous leukemia averaged a shorter estimated
clinical course and a smaller spleen than those beyond
1400 m; diffuse bone marrow fibrosis was more common in
the former than in the latter group but paradoxically was
characterized by a longer survival than found in patients
without such fibrosis. These findings may or may not
be related.

Bone marrow fibrosis in association with or secondary
to myelogenous leukemia is a well known phenomenon
although the literature contains but few examples.23 Ina
large series of chronic myeloid leukemia cases”’ bone
marrow fibrosis was found in about 7%. Unfortunately,
the type or extent of fibrosis was not characterized and
many of these cases had received previous therapeutic
irradiation to the region from which the single autopsy
bone marrow sample had been subsequently obtained.
Personal observations and communications from others™
indicate that diffuse medullary fibrosis in association

with leukemia is very rare.
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The most reasonable explanation for the high prevalence
of diffuse medullary fibrosis in the present series of
cases is to assume that many, if not all, cases of leukemia
with associated bone marrow fibrosis originate as myelo-
fibrosis with myeloid metaplasia. The latter disease is
known to be markedly increased following exposure to

ionizing radiation."® A significant number of myelofibrosis

15,26, 27
and at

autopsy show evidence of both hematologic processes.

cases terminate as myelogenous leukemia

Such individuals would be expected to survive for a longer
period since myelofibrosis is compatible with a prolonged
clinical course. It has been shown previously that the
fibroblastic proliferation of myelofibrosis is limited to the

15

bone marrow and spleen.”” Finally, the myeloproliferative
theory postulates a close relationship between myelofibrosis
and chronic myelogenous leukemia but not the other
diffuse
medullary fibrosis was found exclusively in association
with
peculiar that individuals with chronic myelogenous leukemia

types of leukemia;za this would explain why

chronic myelogenous leukemia. It might seem
and diffuse medullary fibrosis actually had a longer
average clinical course than persons with myelofibrosis
{42.8 vs 32.5 months);
fibrosis cases died of nonhematologic causes at a.ttme

however, several of the myelo-

when their basic disease process was quiescent, while the
cases of chronic myelogenous leukemia with diffuse bone
marrow- fibrosis all died of complications of the primary
hematologic disease.

A discussion of apparent differences in spleen size and
estimated duration of disease is much more difficult. In
this study discrepancies between those leukemia cases
within 1400 m and those beyond 1400 m were so unexpected
that it is important to explore the possibility that these
differences are artifactual. However, before doing so, it
is important to emphasize that the results reported herein
are often limited by the small number of cases in many
of the study groups. For this reason and also because
this is an interim report from a continuing project, the

present results were not analyzed statistically.

The chronic myelogenous leukemia cases represented a
group of moderate size and the differences between the 2
distance groups were dramatic and certainly of biologic
significance. The acute myelogenous group was smaller
and the differences much smaller and of questionable
biologic significance. However, these latter were in the
same direction as the changes of greater magnitudes
found in the chronic form and strongly suggest discrepancies
between myelogenous leukemia cases within 1400 m and
those beyond 1400 m. Conversely, in the acute lymphatic
leukemia group, survival following the onset of symptoms
was slightly longer and the spleen size was considerably
larger in the group within 1400m in comparison with
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those beyond 1400 m.
cases is rather small and, since the subacute lymphatic

However, the total number of

leukemia group is even smaller and there are no cases of
chronic lymphatic leukemia, there is no group within this
cell type to support these results on comparison. The
cases classified as other are so heterogeneous that
Because of these
factors, primary attention was focused on the myelo-

differences are difficult to evaluate.
genous leukemias.

Although spleen size is known to vary greatly between
individual cases of leukemia and a single very large or
unusually small organ can influence averages unduly,
this did not appear to be an important factor in relation
to this discussion. The only spleens of unusual size
among the myelogenous leukemias were found in the
not-in-city group which has not been included in indi-
vidual comparisons.

The questions might be raised as to why the subacute
cases were not grouped with the acute form of the same
cell type or the myelomonocytic leukemias included with
the acute myelogenous form. The investigators believe
that such a classification is valid and have employed it in

other reports.'' =

If the present case materials were
regrouped according to this classification, the differences
in estimated duration, while essentially unchanged in the
lymphatic group, become considerably larger in a com-
parison between the cases of acute myelogenous leukemia
within 1400m and those beyond 1400m, e.g., 3.5 vs
7.5 months.
variant generally have a longer clinical course than do

This is because persons with the subacute

individuals with the acute form and there were no
subacute cases of myelogenous leukemia in the group
within 1400 m.
group subacute cases with the acute form. Spleen size is

Therefore, it might be misleading to
not significantly affected by this rearrangement. Since
myelomonocytic leukemia is not universally accepted as a
variant of the myelogenous form, it was classified in the
other group.

The problem of bias in the ABCC Autopsy Program has

been reviewed in detail elsewhere.”’ Because of a strong
interest in the relationship between hematopoietic disorders
and radiation, there has been a disproportionate effort by
ABCC lay autopsy contactors” to obtain autopsy per-
mission in individuals with a death certificate diagnosis of
leukemia. However, within the leukemia group, no known
extrancous selection has occurred with respect to type of
leukemia, age, sex, ete. Also, it is difficult to visualize
how bias in autopsy procurement could be a contributing
factor in producing the subtle dissimilarities found in

this study.
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Therefore, although the results of the present study
could have been influenced artifactually by some unknown
factor (s), this appears to be unlikely on the basis of
present experience. Assuming then that the differences
described are not artifactual and are representative of all
leukemias occurring in survivors, the most obvious explan-
ation would be to relate the small spleen to a shortened
clinical course attendant upon the effects of a hypothetical
latent effect of radiation absorbed ATB; such a latent
effect might only become apparent in conjunction with
another disease, i.e., myelogenous leukemia. However,
although the spleen in chronic leukemia is generally
larger than that in the acute form of the same cell type,
there is no direct correlation beiween spleen size and

. ¢ 31
duration of disease.

The possibility exists that the survival differences in
myelogenous leukemia between the 2 distance groups are
not due to a shortened survival on the part of the group
within 1400 m but rather a protracted clinical course
among individuals beyond 1400m. This is an attractive
hypothesis and indeed there is some experimental evidence
that minimally irradiated mice have fewer infections than
normal controls.* Also, that survival among the not- -in-gity
cases with chronic myelogenous leukemia(24.9 months],
shorter than that found in survivors of both distance
groups, would seem to support this concept. Although the
investigators have cautioned previously against comparisons
of this type between survivors and notin-city cases,
elimination of all individuals less than 18 years of age
does not appreciably change the survival figures among
the various comparison groups. However, there are
probably dissimilarities between the survivor and immigrant
populations, in addition to the obvious differences in age
and sex distribution, that render conclusions based on the
Furthermore, although the hypo-
thesis that survivors beyond 1400 m enjoy a prolonged

latter source nebulous.

clinical survival in leukemia cannot be disproved, it would
be necessary to postulate a protective effect afforded by an
amount of irradiation presently thought to be of little, if
any, biologic significance.

Evidence suggests a markedly increased prevalence of
active tubereulosis among survivors within 1400 m with
Since these persons
were included in the present study, it might be thought

x e, 1
chronic myelogenous leukemia.

that the differences in survival and spleen size are

secondary to this complication. However, in chronic

myelogenous leukemia, a comparison between persons
with and without active tuberculosis shows essentially no

? kY
difference in spleen size or estimated survival.

The results of the present study in conjunction with the
apparent increase in prevalence of active tuberculosis in
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chronie myelogenous leukemia cases within 1400 m suggest
possible fundamental dissimilarities between radiation-
induced leukemia and the ‘naturally’ occurring variety
Rather than
attempt an individual explanation for each of these

involving some, or perhaps all, cell types.

differences, it would seem more reasonable to postulate
that a basic alteration, or lack of one, distinguishes
radiation-induced leukemia from the spontaneous type.
Although no clinical differences have been noted in
persons with leukemia between the various exposure
groups, these patients have been followed by a number of
clinicians and hematologists making contrasts, especially
Biochemical
comparisons involving this case material have been very

of a subtle nature, extremely difficult.”

limited. Efforts in this area are unfortunately limited by a
paucity of information concerning leukocyte metabolism;
however, it seems clear that basic differences will not be
discovered from morphologic studies and that as the
incidence of leukemia in proximally exposed survivors
approaches that in the general population the opportunity
for defining possible alterations will vanish.

SUMMARY

The present study concerns 157 cases of leukemia
autopsied at ABCC Hiroshima during 1949-62. The
epidemiologic characteristics of the survivor and immigrant
populations are discussed with special reference to leukemia
and to the comparability of the various exposure groups. A
comparison between leukemia cases in the groups within
1400 m and beyond 1400 m showed the following: 1)Cases
1400 m with acute and chronic myelogenous
leukemia had a shorter clinical survival after the onset of
symptoms ascribable to leukemia. 2) This same group of
cases had much smaller spleens than those beyond 1400 m.

within

3) Diffuse bone marrow fibrosis was increased in cases of
chronic myelogenous leukemia within 1400 m and, when
compared to leukemic individuals without this finding,
was associated with a longer clinical course. The possible
interpretations of these findings are discussed. No other
morphologic differences were found between leukemia
cases in the group within 1400 m and the groups beyond
1400 m or not in the city ATB and it was not possible to
identify an individual case as radiation-induced.
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