i

ST

5id

4I% IRIE TRLE LIS

E

e

(R S 1 mm fi iuwuuu_mn_w..l

iTHER Witaihinia,
153

Sl=

i

3l




TECHNICAL REPORT SERIES
¥ M B 5 B %

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and
affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCC ¥HURE Iz, ABCCOHURAPLURALMEER, BEM, ke, BFLsUVIZR
MOMEFEREOERCHE L2200 HEMBIC L 308 THS . HHRE FEEHRL T0HM 0
HEBRIZRIEOTIIE V.



TECHNICAL REPORT
18-67

X B o®w & B

CHRONIC LYMPHOCYTIC LEUKEMIA
HIROSHIMA — NAGASAKI, 1946-65

My >/ g MR
B — K I, 1946 — 65 &

STUART C. FINCH, M.D.

TAKASHI HOSHINO, M.D. 2% #
TAKASHI ITOGA, M.D. AW OB
MICHITO ICHIMARU, M.D. it A
ROLAND H. INGRAM, Jr., M.D.

Department of Medicine
i8S S 458

Approved 7RFE 1 September 1967

A Eﬁc c

ATOMIC BOMB CASUALTY COMMISSION
HIROSHIMA AND NAGASAKI, JAPAN

A Cooperative Research Agency of
U.5.A. NATIONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL

and
JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE

with funds provided by
U.S.A. ATOMIC ENERGY COMMISSION
JAPANESE NATIONAL INSTITUTE OF HEALTH
U.5.A. PUBLIC HEALTH SERVICE

H O B £ W T F B =

LB s RS

KE¥ LR - F6 28® e FEHELTHSGESHFRAMN
Eo B R EREHEFEHMN

KEFFHERSE, FERELTHAEFANE L CRELREER[GOTRRARIZEL S

+Surgeon, US Public Health Service. National Center for Rediological Health, Population Studies Program, assigned to ABCC
KEAREERKEBER Y > & — A D P @ &M AT R E A T ABCC ~ iRkt



CONTENTS

B X

Introduction - — SO
Method of Study 77 T oo
Results I —
Discussion B B et ee oo
Summary L
References BETRER ettt e

Table 1. Chronic lymphocytic leukemia by area of ascertainment

* LR I < N R g h %

2, Clinical features and findings

ACKNOWLEDGMENT

The authors are deeply indebted to the many physicians in the Hiroshima and Nagasaki area
who have permitted evaluation of their leukemia patients by physicians at ABCC. The authors
also wish to thank Dr. Toranosuke Ishimaru and Dr. Paul S. Anderson for their valuable
assistance in statistical analysis of the data and in revision of this report.

FHL1Z, AMKBRE L ABCCEMOMmBZIcftahAE  BEWBEO EHOERD » 7
AR EDRMEREITS, S50, BHOEAFNENSLUVRRORITII - THYE
BB AL Ebo AT AT B4 & L0 Paul S. Anderson {23 EBOIE £ FE L 72w,

A paper based on this report was submitted to Blood
ARG IZET < B3 Blood IZIRHL £,



CHRONIC LYMPHOCYTIC LEUKEMIA, HIROSHIMA — NAGASAKI , 1946-65
')A EEMKE, KB - RIB, 1946—65F

INTRODUCTION

Chronic lymphoeytic leukemia is a rare disease in Japan.
Since ABCC initiated its leukemia case-detection program
in 1950 only a few patients with this disorder have heen
identified in the cities of Hiroshima and Nagasaki. In this
report the incidence of chronic lvmphocytic leukemia during
a 20-year period in both Hiroshima and Nagasaki is
compared with the incidence in Japan and the United States.

Throughout most of Japan chronic lymphoeytic leukemia
constitutes only 2%-3% of all leukemia."™*
review of 3454 cases of leukemia that occurred between
1956-61 showed that 2.6 % were chronic lymphoeytic in
type.s The overall incidence of leukemia in Japan is

A recent

about 30 per million per _vear.l3 On the basis of these
figures the chronic lymphocytic leukemia rate in Japan is
about 0.8 per million per vear. In the United States the
leukemia incidence is about 60 per million per year, with
chronic lymphocytic leukemia representing from 20% to
30% of the total.” Thus the incidence of chronic
lymphocytic leukemia in the United States is about 15 per
million per year, about 20 times that of Japan. The
virtual absence of this type of leukemia in Japan, however,
does not entirely account for the great disparity in the
leukemia rates of Japan and the United States.

METHOD OF STUDY

The Leukemia Detection Program at ABCC is conducted
uniformly in hoth Hiroshima and Nagasaki.' Attention
is focused primarily on the occurrence of leukemia in resi-
dents of these cities but many patients with leukemia and
related disorders are referred from outlying areas.
Within each city all persons with leukemia, whether or
not exposed to the atomic bombs of 1945, are carefully
studied. The incidence rate of each type of leukemia is
calculated for the city populations of Hiroshima and
Nagasaki for calendar year and for age of the patient at
the onset of the disease.
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For the present report, clinical records and histologic
material at ABCC were reviewed for all patients who
developed leukemia in the vyears 1946-65. Particular
attention was focused on patients with lymphocytic leukemia.
Smears of peripheral blood and aspirated bone marrow
were available from all patients suspected of having chronic
lymphoeytic leukemia except for three in whom bone
marrow aspiration was not performed.

The diagnosis of chronic lymphocytic leukemia was
established on the basis of the usual cytological and
clinical findings which are well described ™™ An
increased absolute count of mature small lymphocytes in
the peripheral blood in association with marrow infiltration
with similar cells was observed. Clinical findings on
physical examination were varied according to the progress
of disease, hut generalized lymphadenopathy and hepato-
splenomegaly were considered to be significant abnormalities
when inflammatory, toxie, metabolic, and malignant
diseases which may cause these findings were excluded.
Chronicity of leukemia was primarily based on the maturity
of the predominant lymphocytes. Excluded were those
patients with lymphocytes containing nucleoli, fine chroma-
tin network, or nuclear fissures. Histological sections
made from various organs obtained at autopsy had to be
characterized by marked hyperplasia of lymphoid tissue
with destruction of lymphoid architecture along with
generalized tissue infiltration.

RESULTS

The diagnosis of chronic lymphoeytic leukemia was
confirmed in six patients who were residents of Nagasaki
City at the onset of their disease in the 1946-65 interval.
During this 20-year period the diagnosis of any type of
leukemia was confirmed in 170 residents of this population.
Thus, chronic lymphocytic leukemia represented 3.5 % of
all leukemia in Nagasaki City (Table 1), and its incidence
for this period was 0.88 per million per year.

The total number of patients with leukemia, including those
from the surrounding areas, studied at ABCC in Nagasaki
during 1946-65 was 364. Among this number, there were
11 cases of chronic lymphocytic leukemia, representing
3.0% of the total (Table 1).

There was no case of chronic lymphocytic leukemia among
the 233 patients in whom the onset of leukemia occurred
while they were residents of Hiroshima City in the interval
1946-65. A meaningful rate, therefore, cannot be
calculated for the Hiroshima City population.
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TABLE 1 CHRONIC LYMPHOCYTIC AND OTHER TYPES OF LEUKEMIA BY AREA
OF ASCERTAINMENT, 1946-65

F#1 Y Y EANFEE LU 2OMOFER O QMG : MR, 1946—654

City cases only

AR R O &

Type of leukemia

Total referral area

AT K &

91197 7> 95 B

Number i #

% Number {5 # %

Chronic lymphocytic

B AL . 6
Other £ D .vvvivine 164
Total & ... 170
Chronic lymphocytic

B oEAmE .. 0
Other ¥ @Mt ................ 233
Total B s 233

Nagasaki & W

3.5 11 3.0
96.5 353 97.0
100.0 364 100.0

Hiroshima |5 &

0 2 0.4
100.0 485 99.6
100.0 487 100.0

Only two patients with chronic lymphoeytic leukemia have
been identified at ABCC in Hiroshima among all 487
patients known to have developed leukemia during 1946-65,
including patients from the surrounding area. Thus, only
0.4 % of all leukemia seen at ABCC in Hiroshima has been
chronic lymphoeytic in type. Whether the population of
Hiroshima actually has a lower risk of chronic lymphoeytic
leukemia than the Nagasaki population, as suggested by
these observations, remains moot. The 0 and G division,
corresponding to average populations of 442,000 and
367,000 in the 20-vear interval, is the least probable
sampling result under the null hypothesis, and corresponds
to a probability of about .048, but since the test is not on
an a priori hypothesis, any judgment of probability is
arbitrary. At the level of 2 per 487 vs 11 per 364 for the
entire referral areas, the discrepancy is more impressive,
especially in a two tailed test, but again it is one suggested
by the data and thus warrants no more than the verdict
“suggestive.”

All of 13 patients with chronic lymphoeytic leukemia had
70% or more mature-type small lymphocytes in their
peripheral blood smears and with two exceptions the total
leukocyte count exceeded 40,000 per mm (Table 2) Every
smear of aspirated bone marrow showed the characteristic
marked generalized increase in mature lymphocytes,
including the above two patients whose mature lymphocytes
were 90% of the total nucleated marrow cells. The
majority of patients had generalized lymphadenopathy
and hepatomegaly, and less frequently splenomegaly.
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g oM ammEE L TAr2ETHE . 2R,
REABCCTIUE L 2 £ AMBRAO b #0.4 %12+ &
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CEVWAT A IZ2VWTHE, 4RO RMTHS. 0F
FU6 DA E, 20 B S R AL 442,000 B &
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FEOEROIMBERTH Y, #.0480MER ICHY T 5 27,
FOMEFIHIEFIZES VO THEOHEIEED
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TABLE 2 CLINICAL FEATURES AND FINDINGS OF PATIENTS WITH CHRONIC LYMPHOCYTIC LEUKEMIA, 1946-65

®2

1) v SR M AE OBKRMFM LR, 1946—655

Findings at time of diagnosis A2 @ Af &

Gener- Hepato- Spleno- HgB  WBC lymphs lymphs
MF No. City Year alized megaly megaly %1000 blood marrow Survival in months Remarks
Sk 4, i) of dx Age  Sex Symptoms adeno-  pegn Bk mm 3 JiG: B i ETA N i
&5 BT ER M fE 1K pathy MEF AMRE e otk
250 h
g/ml 9% 9%
1 o SRR AR . ’
N 1951 42 M Adenopathy Y > /S IR E + i 0 14.4 61 95 (living %4 ) Asymptomatic
onE P
Skin rash X% 205 HIE R
N 1958 49 F Adenopathy V > /S RRAEM  + + + 8.5 73 92 90 38 Died of bronchopneumonia
Weakness 3753 EERL S e
N 1959 57 M Weakness ¥#55 + + + 13.4 127 88 73 4 Died of bronchopneumonia,
i i abscess
Skin rash | s & T §
N 1959 51 F Malaise 0 + + 9.9 199 70 30 b Died of miliary tubercul
Nausea ENBEHTIEC
N 1960 51 M Malaise o+ + + 14.7 7.5 90 58 7 Cytomegalic inclusion disease,
Night sweat 1T active pulmonary tuberculosis
at autopsy
At TE AKHflad A fRiE &
AR SR & TR 7=
N 1961 145 F Adenopathy ' >~ /VIREEEE  + 0 0 13.5 50 92 65 2 Died of cryptococcal meningitis
Fever 4] 70T b2y h AR
N 1961 59 M Weakness FE55 0 0 0 12.8 53 95 90 (living %% ) Asymptomatic
69 EIER
1961 64 Malaise Be - + + 13.6 48 75 37 3 Thyroid cancer at autopsy
) i Bk TR 2 820
N 1964 39 F Adenopathy ') ¥ /YHREEME  + + + 11.6 18.3 75 90 (living £ ) Asymptomatic
36 IEAE %
Skin rash F45
N 1965 61 F None r 0 0 0 15.2 35 85 50 (living £ ) Asymptomatic
24 AR
J 1965 55 F Ankle edema B #FiRAE 0 + + 8.5 143 74 - 6 Died of advanced pyelonephritis
EFLEFEFRATRE
H 1957 49 F Adenopathy ') > /¥ IREREE  + 0 0 8.0 56.7 95 - 6 Cause of death unknown
LA
1958 59 M None 2L + 0 0 14.0 169 95 60 62 Died of bronchopneumonia
FUR il R TIEC
*Resident in city at onset of leukemia B F X RAMFIAHALEEL Tw A N =Nagasaki £ ¥ M =Male %

tIn city ATB FUIRERIZATAIZ 0 2

H =Hiroshima &%

F =Female #«



The most frequent reason for hematologic investigation
was lymphadenopathy, but in two patients the disease was
discovered accidentally. Response to chemotherapeutic
agents was not unusual. Among 13 patients, 7 died within
1 year after the diagnosis was established due mainly to
severe complications of tuberculous, viral, fungal, or acute
bacterial infections. The mean age of onset was 52 years
and of the 13 patients, 5 were male and 8 were female.
At the time of the atomic bomb (ATB) in Hiroshima and
Nagasaki, five of the patients who later developed chronic
lymphocytic leukemia were within the city limits but each
was more than 3000 m from the hypocenter.

DISCUSSION

The present review confirms the rare occurrence of
chronic lymphocytic leukemia in Japan. Reasons for the
relative infrequency of this particular lymphoproliferative
disorder in Japan, however, are not known. It has been
suggested that genetic factors probably are of greater
Although
chronic lymphocytic leukemia is primarily a disease of
later life, its low incidence in Japan is not accountable

importance than environmental influences.'’

for on the basis of reduced life expectancy. It also does
not appear that there is a compensatory increase in the
other lymphoproliferative disorders. The incidence of
malignant lymphoma in Japan is about one third that in the
United States and the ratio of death from all leukemia to
all lymphoma in Japan is about 1.5 times higher than in
the United States.'®!'®
confused with chronic lymphoeytic leukemia is lympho-
sarcoma. In Japan 20 %-30 % of all lymphomas have been
classified as lymphosarcoma.”ﬂ In two large series in
the United States 25%-44 % of all lymphomas were diag-
About 20 % of all leukemias
in our study were of the subacute or acute lymphocytic
types. Inseveral large leukemia studies in the United States
and England from 15 %-30% of all patients with leukemia
were acute lymphocytic in ty;:'e.l'm'25 The figures may vary,

however, from virtually 100% in children to somewhere
024,25

The lymphoma most frequently

21,22
nosed as lymphosarcoma.

between 4 %-7 % in persons over age 3 In Hiroshima
and Nagasaki leukemia in children practically always is of
the acute lymphocytic type, but in persons over 30 years
it has been ohserved in less than 5% of all leukemia in
that age group.‘5 Thus there is no evidence for an
increase in either lymphosarcoma or the more acute forms
of lymphocytic leukemia to possibly account for the low
incidence of chronic lymphocytic leukemia in the popu-
lations of Hiroshima and Nagasaki. Perhaps the study of
chronic lymphocytic leukemia in the Japanese residents of
other countries will help to determine reasons for its rarity
in Japan.26
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The fact that only two patients with chronic lymphoeytic
leukemia have been detected amongst the large number of
leukemia patients in the Hiroshima area in contrast to the
11 found in the relatively smaller Nagasaki area was of
some interest. Kawakita has reported that 6% of all
leukemia in the Kumamoto area is chronic lymphocytic in
type.27 This region is in close proximity to Nagasaki.
If, indeed, the incidence of chronic lymphocytic leukemia
is higher in Nagasaki than in Hiroshima and elsewhere in
Japan, it would be intriguing to consider the possibility
that Western influences may be relevant, for Nagasaki
was the only port continuously open to Western trade
between 1637-1859.

There was some evidence from this study that chronic
lymphocytic leukemia might even be over diagnosed in
certain areas of Japan. Several patients referred in
Nagasaki with the diagnosis of chronic lymphocytic
leukemia eventually were found to have either subacute
lymphocytic leukemia or other type of lymphoma with blood
stream invasion. The general reporting of the more acute
forms of lymphocytic leukemia differed little in the two
cities, however (Table 1).

Chronic lymphocytic leukemia is thought to be a form of
malignant lymphoma characterized by a marked increase
in the number of mature lymphocytes in the circulating
blood accompanied by their generalized tissue infiltration.
It corresponds to a well differentiated form of lympho-
sarcoma (i.e., the lymphoeytic form of malignant lymphoma).
The circulating leukemia cells show striking uniformity
and, by ordinary eytologic means one usually cannot
distinguish them from normal small lymphocytes. In the
terminal stage of some cases of malignant lymphoma,
leukemic manifestations characterized by dissemination of
malignant cells in the circulating blood and involvement
of the bone marrow are observed. In such cases, however,
the lymphocytes in the blood and bone marrow smears
usually are medium to large in size, with nuclear fissures,
indentations, or clefts and often have a nucleolus. These
cells often are classified as leukosarcoma cells. The
clinical course of the disease in these patients usually is
rapidly downhill, with a poor response to chemotherapeutic
agents, and death within 4 to 8 months. On the basis of
the clinical and histological features of these disorders,
chronic lymphocytic leukemia usually can be distinguished
from leukosarcoma and other forms of malignant lymphoma
although sometimes their precise clinical classification is
most difficult.

The short survival of about half of the patients suggested
that their lymphoproliferative diseases were more malignant
than chronic lvmphocytic leukemia. On the other hand,
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the clinical presentations of each of these patients were
chronic lymphocytic in type, and early death was the
result of some severe complication, usually infectious in
nature. The possibility of a lymphocytic leukemoid reaction
to tuberculosis was considered in the two patients with
this disease.*® Lymphocytosis, however, rarely occurs
with tuberculosis and in both such patients tuberculosis was
felt to be a complication of the underlying leukemia.*?

Previous exposure to ionizing radiation is not related to
the development of chronic lymphocytic leukemia in
Hiroshima and Nagasaki. Although 5 of the 13 with this
disorder were within the city limits of either city ATB,
none was closer to the hypocenter than 3000m. The
dose of ionizing radiation at 3000 m from the hypocenters
has been estimated at-less than 1rad.”’ Reports from
ABCC have failed to demonstrate any excessive leukemia
incidence beyond 1600 m from the hyp()(:enter.6 If exposure
to ionizing radiation had been an important factor, one
would have expected chronic lymphocytic leukemia to have
developed more frequently in the proximally exposed
populations of both cities. This has not been observed.
Other studies in man have not found chronic lymphocytic
leukemia to be related to excessive radiation expos.ure.31
On the other hand, Anderson et al have noted some
increase in oceurrence of total malignant lymphoma among
the heavily irradiated subjects in Hiroshima and Nagasaki
on the basis of studies of autopsy and surgical pathology
materials at ABCC.*" Further study on the incidence
and type distribution of lymphoma in relation to radiation
exposure is in progress at ABCC.** It is anticipated that
these studies will provide additional conceptual support
for the interrelationship between leukemia and lymphoma.

SUMMARY

In Hiroshima and Nagasaki chronic lymphocytic leukemia
is rare in comparison to the United States. No chronic
lymphocytic leukemia was identified among the residents
of Hiroshima City during a 20-year period of study. The
incidence of chronic lymphoeytic leukemia in Nagasaki
City was similar to that for Japan. The development of
chronic lymphocytic leukemia in these cities was not related
to exposure to the atomic bombs of 1945.
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