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STATISTICAL INVESTIGATION OF LEUKEMIA IN JAPAN
BAXICHE T2 N BEBOHESSENMERE

INTRODUCTION

In geographical hematology, there are two interesting
fields in Japan, which merit special attention. The first
is the epidemiology of leukemia in Japan, one of the few
countries in Asia having reasonahly accurate diagnostic
and registration procedures. Secondly, there is a special
group, the atomic bomb survivors of Hiroshima and
Nagasaki whose leukemia experience is greater than
average. Studies of leukemia in this group are very
important not only from the view point of radiation and
leukemia, but also from the view point of geographical
hematology.

LEUKEMIA IN JAPAN

International variations in leukemia mortality are shﬁ\;n
in Figure 1. The mortality in Japan is very low marking
about one half as compared to that in North American
and European countries. Since 1930, the death rate
from leukemia has been increasing in every country,
however, there is an evidence that the rate of increase
for the last decade is slowing down. The age distribution
curve of the death rate from acute leukemia per 100,000
is similar to that of the death rate from all tvpes, showing
two peaks, the age groups 0-4 and 55-60 years (Figure 2).
The death rate in males was 1.29 to 1.46 times as high
as that in females.

Figure 3 shows the percent distribution of type of leu-
kemia.”'" No attempt is made to classify acute leukemia
into various tvpes and they are all grouped as acute
leukemia, because, as is well known, there is controversy
as to the type diagnosis of acute leukemia and as vet
diagnostic criteria are quite variable according to each
investigator. On the contrary, the diagnosis of chronic
granulocytic leukemia and lymphocytic leukemia is easy
and reliable, leaving no room for disagreement. Chronic
lymphocytic leukemia is well known to be quite rare in
Japan. In any of the three groups of data presented
here, the frequency of chronic lymphocytic leukemia is
remarkably low, marking 2.9%, 2.6% and 2.8% respective-
lv. This is reflected by a striking over-all deficit of
leukemia in the higher age groups and then by the low
death rate from leukemia in Japan. The rarity of chronic
lymphocytic leukemia has been also observed in India,
Formosa, the Philippines, and among Chinese in Singapore.
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WEmBERICHEVTIE, BERICEFICERIZETZ 22
DB HLNEHFHE. BlOREE, HERIETISN
M#HEOEFTHE. AFE, 7V 7028 HELY
HBAFEFPAVEHTHLILHEFRO G EDTHS.
W2z, B BEWOBRBMEREGTSE L IO RN
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EHAMBCAMBRFET 52 &8, K LA 0HE
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BETh5.
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hoT, BRoSBIZAZ G, HECELTI®®EY ¥ /35R
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OBMIZERLASHOEE T, &ML EBIEY ¥k
PEEMEOBEEE L&, #nhFN2.9%, 2.6%
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FEHMBERAFE L L L, LEAs THMMBIZ L S5
CEAG NI EIIEMENT VA, f ¥ F, GBEFIUV
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Leukemia cases among nonexposed persons have been
collected while proceeding with our studies of leukemia
in the atomic bomb survivors. There are 419 such cases
in Hiroshima and 350 in Nagasaki who were not present
in the cities at the time of the atomic bombs (ATB). The
majority were residents in either of the two cities or
their surrounding areas at the onset of the disease.

The type distribution of these two groups is shown in
Figure 3. For chronic lymphoeytic leukemia, Hiroshima
has 3 cases or 0.8%, and Nagasaki 8 cases or 2.3%.
The figure of 2.3% for Nagasaki is almost identical to
the average rate of Japan, while the low level of Hiroshima
would better be regarded as incidental.

There has been a suspicion that, since Nagasaki had
been the only district that had had contact with Europeans
for 300 years before the Meiji revolution, the occurrence
rate of chronic lymphocytic leukemia in Nagasaki might
be higher than that in the other part of Japan. However,
no such tendency has been noticed in our data.

The low occurrence rate of chronic lymphocytic leukemia
in Asian countries including Japan has been known for
many years, but the cause has not vet been clarified; is
it related to race, food or the ways of life? The normal
values of peripheral lymphocytes in healthy persons are
higher in Japanese than in Caucasians as shown in
Table 1. Besides, an impression of Japanese radiologists
is that leukocytopenia develops earlier and more heavily
in Japanese than in Caucasians following radiation therapy.
These facts and impressions might well be a clue to the
solution of this subject.

BB EA MR ) AMAERE VT, F
HEEHICA LN A QMMHEMLWEL T W5, K
REFAREWCIEBELTE s ZE0IZ, KBTI
(UL % 419, EW T30 E#ni. 2085
SERBEICIRE E 2, 34 ORI CEE L
Tz,
Che2BIIaEben-AMBEORUGHEH3IOTEH
R LA BRI v BRI MAs 12 361 (0.8%),
EWIz8(2.3%) 55 RiED 2.3 % EHADTEHE
FIEIFESELWY, BROEHEIBATHIILEZZON
WHETHAT.

E W L PR EMEST AT 300 il T — o 5 S A L oMY S o
R0 T H - 20T, BEWTIHEE) ¥ oSRIEA
MmimoiERE, HEoftoEodt ol HETIE
ErBahtnELLEHEY, F0L) EEMEbNAD
hoBEEeizds o h kv,

HA&&EL7 V7 HETOMMEY ¥ SBRkEA S o %%
EAEWZ LIRS SMENAT VS A, ANfE, £,
LGN EEEN L T ORKETELZERAEIAT
Wi, BEEORNEY Y BROEREMEE, #1IZIFL
EEI3IcAALDEHEANG. £, HEADKSE
BEEICEAE, MAERERE, BALYEHAALZR
MEREPREA Rz, 2o AbNS. Z0kHEH
ERARIE, COMBEoRLN0FHFH2NIZED ) 5.

TABLE 1 NORMAL VALUES OF LYMPHOCYTES IN HEALTHY ADULTS
#1 OEEERACHEITLY Y ROEEE

_.Authur Country
EH 2] #
Komiya & Japan B 4
Winthrobe USA T2U3%
Whithy Enpgland 4 ¥ 2
Heilmeyer Germany F 4 ¥

% Total/mm 2
it
33-38 2000-3600
25-33 1500-3000
25-30 1500-2000
20.22 1200-2000

The age distribution of leukemia, classified as acute
leukemia, chronic granulocytic leukemia, and chronic
lymphocytic leukemia will now be reviewed. Figure 4
shows acute leukemia. The heavy line shows the age
distribution of 3545 cases, collected by Wakisaka'' from
158 hospitals in Japan between 1956-61. The thin line
shows that of 1471 cases collected by the author from
five medical schools in Kyushu district between 1946-65.
The columns show the age distributions of those exposed
to the atomic bomb in Hiroshima or Nagasaki. Analysis

KizaAmeE, BEEHEa s, & & 0EEY v
ERPE A M5 M LA A O R S A A RRRT T 5.
Bl ixaMame &Ry, KVEGIZBIRY A71956 - 614,
HAq 158 Ok THE L 7 35450 0 @M aHme =T,
M ERIEFEE AT1946 - 654, LN O 5 D DRFEFE
ESCULE L AMTIFI S E 0 o AR A R, BRI - Rl
FEREREoAMBEOFERNAHERT. HRIIE-T



Rate per 100,000 population

FIGURE 1 ANNUAL DEATH RATE OF LEUKEMIA IN

VARIOUS COUNTRIES
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FIGURE 3 TYPE DISTRIBUTION OF LEUKEMIA
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of leukemia induced by the atomic bomb will be discussed
later in more detail.

The observations made by Wakisaka and this investigator
are almost the same. In children under 14 years of age,
the incidence of acute leukemia was extremely high. The
low incidence seen in children of the atomic bomb sur-
vivors is because the population under age 19 is much
smaller.

Figure 5 shows the distributions for chronic granulocytic
leukemia. The two curves are almost the same and seem
to be similar to that in other countries. In the exposed
group, more chronic granulocytic leukemias develop in

younger age group, especially in Nagasaki.

Data by
Wakisaka are compatible with those of the author, but

Figure 6 shows chronic lymphocytic leukemia.

CEE g : : :
compared with Shimkin's data = in California, the curvesin
Japan shift to younger ages than in California. The male
and female ratio is similar to that of Shimkin's.

Rate per 100,000 population

FIGURE 2 AGE DISTRIBUTION OF DEATH RATE FROM

LEUKEMIA IN JAPAN, 1960
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FIGURE 4 AGE DISTRIBUTION OF ACUTE LEUKEMIA
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FIGURE 5 AGE DISTRIBUTION OF CHRONIC
GRANULOCYTIC LEUKEMIA
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LEUKEMIA IN ATOMIC BOMB SURVIVORS
There have been many I‘epOI‘tSm-H on incidence of
leukemia in the atomic bomb survivors and all are more
or less informed of its outline. Therefore, discussion
will center upon the types of radiation-induced leukemia
after a short review of the leukemia experience in
Hiroshima and Nagasaki during the past 20 vears. As
shown in Figure 7 the gamma rayv dose of atomic bomb
radiation in Hiroshima and that in Nagasaki are almost
the same, but the estimated dose for neutrons is greater
in Hiroshima than in Nagasaki. Because of this reason,
the data of both cities are always studied separately and
compared.

Annual Incidence of Leukemia in Hiroshima and
Nagasaki Table 2 shows all the leukemia cases, both
exposed and nonexposed, classified by exposure distance
and by residency at onset of the disease. The absolute
number of exposed leukemia in Hiroshima (261 cases) is
much greater than the 148 in Nagasaki. This is mainly
due to the proximally exposed population in Hiroshima
being greater than that in Nagasaki as shown in the lower
part of the table.

The size and composition of the resident population are
known in great detail for 1950, based on the National
Census, and extrapolation has yielded the numbers of
estimated person-years at risk. The numbers in this report
depend chiefly on the data by Hrubec."

Figure 8 shows the annual incidence rate in the exposed
and nonexposed in both cities. The heavy line indicates
the leukemia mortality in Japan. The incidence rates of
the exposed group in the two cities are almost the same.

FIGURE 6 AGE DISTRIBUTION OF CHRONIC LYMPHATIC
LEUKEMIA
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FIGURE 7
FOR HIROSHIMA'AND NAGASAKI BOMBS, ACCORDING TO
DISTANCE FROM HYPOCENTER

ESTIMATED AIR DOSE (NEUTRONS AND GAMMA RAYS)
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FIGURE 8 ANNUAL INCIDENCE OF LEUKEMIA IN
HIROSHIMA, NAGASAKIL, AND ALL JAPAN
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TABLE 2 LEUKEMIA CASES, HIROSHIMA AND NAGASAKI —1946.65

#2 LREHLUEWMOOMFEERS, 1946 - 654
Resiaency at onset G Exposed #i¥H Nonexposed
e wiRE 0 1 <1500 m >1500  Total &gt JFHEH
Hiroshima Total &t 148 113 261 419
(g} Tn city 88 64 152 131
Not in city i ¥ 60 49 109 288
Nagasaki  Total &3t 51 97 148 350
£ iy In city i 29 69 98 106
Not in city T4k 22 28 50 244
ATOMIC BOMB SURVIVORS RESIDENT IN HIROSHIMA AND NAGASAKI
JAPANESE NATIONAL CENSUS 1950
REFLURBIZEFETIEBHEBEHE AL (19504F EEBRE)
City Distance BfifE Total
ifi 51 0999 m 1000-1499  1500-1999 2000 &t
Hiroshima % 1215 10331 17784 §2024 91354
Nagasaki %0 504 3400 3941 82095 89940

The data suggest that the highest incidence was observed
during 1950-52, but is subsequently decreased and in the
last several vears the incidence for all exposed has been
at almost the same level as that of Japan. The incidence
in the 0-1500 m groupis still high. However, the population
of this group has been becoming small, so the incidence
of one case means a rate of about 10.0 in Hiroshima and
50.0 in Nagasaki, requiring careful appraisal for its
significancy. The curve of the 0-1500m group suggests
bimodality or trimodality and this will be discussed later.
From the above results, it might be said that the effect of
the atomic bomb on the occurrence of leukemia has almost
disappeared.
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B TiE50.00 45207, 2OEEOBREIEREL
0 —1500m o B e B o i 1 gk
ERE WS AONSH, ZHIZDoWTIREE TR
T35, Lio#ER> ST 2 &, BMAEOREIZREET
THRBOBETZEIEALERLTVW 232 E LN
.



TABLE 3 INCIDENCE OF LEUKEMIA IN RESIDENTS OF HIROSHIMA AND NAGASAKI,
BY DISTANCE FROM HYPOCENTER (1946-65)

#3 IEE -

Fe Wi AR 12 0105 5 FLMR 38 4R 32 Bt SRk,

1946 — 654

Hiroshima I8

Distance (m)

Nagasaki 1%

s Persn[n yegtrass?t risk Cases Rate * PEFS(;(nl-J.-;:ETgs‘;t risk Cises l.f{al;: *
WA HE S B 0 GE B e g
0-999 21,475 28 130.4 8,309 6 T2.2
1000-1499 184,369 60 32.5 57,603 23 39.9
1500-1999 319,208 20 6.3 69,380 6 8.6
2000+ 1,109,615 44 4.0 1,485,669 63 4.2
Total exposed
R & 1,634,669 152 9.3 1,620,961 98 6.0
Nonexposed
EX 8 X 5,754,179 131 2.3 4,409,904 106 2.4

*Rate/100,000/year ALCI10TT Y 72 0 E M55 F

Incidence of Leukemia in Residents of Hiroshima and
Nagasaki by Distance Table 3 shows incidence of
leukemia in residents in the two cities by distance from
the hypocenter. The rate in the most closely exposed
survivors greatly exceeds that of Japan which is 2 to 3
per a 100,000 per year. The rate decreases as the
distance of exposure increases.

At present, it is impossible to identify which of the cases
were induced by radiation and which were spontaneous.
To facilitate detection of possible differences, if any, it
seems reasonable to contrast the data of survivors exposed
within 1500m with those more distally exposed or
nonexposed. Discussion will mainly concern the type of
leukemia induced by radiation in the 0-1500 m group.

Type of Leukemia Table 4 shows the distribution of the
entire series by type of leukemia and exposure distance.
In Hiroshima chronic granulocytic leukemia seems to be
disproportionately clustered in the zone within 1500 m as
compared with the acute leukemias. Chronic lymphoeytie
leukemia was not observed in Hiroshima and only three
cases from the distally exposed group in Nagasaki.

Table 5 shows the ratio of acute leukemia to chronic
granulocytic leukemia. In Hiroshima, the ratio is very
low among the proximally exposed. In Nagasaki, the ratio
among those exposed within 1500 m is higher than that in
Hiroshima, but remarkably lower than that among the
distally exposed or among the nonexposed.

Table 6 shows the incidence rate among the residents in
either of the two cities at the onset of the diseaze. The
incidence rate of acute leukemia is higher than chronic

LB - RBEEEICSUIHBHEENOOLREES
RIULEE - BHETHORBESICST 2 HBREREN0 A
MAmEHEEER LA, BIREMERESC P 258ERS,
1EMADWG Y22 2wL3EZnedAniEHEs
s iHAITVS. BBEMMAT 31200 THE
RILETT 3.

B s ¢, MUMEREEO M & R E0 QR &
DEFEFTETH S, MELLIIEROERLES
2T 5, 1500mAMORBEE &SRS £
JFEMBEOHEM LGB T 2 LIIE48NTH 2.
0 —1500m DB 12 35 17 3 BAHIREE %61 A s o 35 &Y % o
LItEZEEMA 5.

HOFEOERE HR4EHFOoLFOAMBOFREEL LW
BREER oS E AT, KBTI, BMEEMFER &L
AT, MBSO A E A, 1500m RO WEIBE ICE
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MRMEEESIC I BEshLh s 24, BEED
HEMERBCIMATRED N,
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TABLE 4 DISTRIBUTION OF ALL LEUKEMIA CASES AMONG ATOMIC BOMB SURVIVORS,
BY TYPE AND EXPOSURE DISTANCE —1946-65

#4 FIREBEC PSR AMMBER: %A & & CBRIERERI 57 75, 1946 - 65°F

City Type Exposure distance (m) 1 i # Total
51 #5 A 0999 1000-1499  1500-1999 2000+ ait
Hiroshima AL 2% 39 51 18 68 176
B8 coL nEmt 15 43 13 14 85
CLL 8y 233k 0 0 0 1] 0

Total & it 54 94 31 82 261

Nagasaki AL &% 7 31 7 74 119
e Wi CGL tHaEt 2 11 4 9 26
CLL 18V » <3kt 0 0 0 3 3

Total & it ] 42 11 26 148

TABLE 5 RATIO OF ACUTE LEUKEMIA (AL) TO CHRONIC GRANULOCYTIC LEUKEMIA (CGL)
#£5 BUEEMFE (AL) SIStk M (CGL) & Dk

] Hiroshima [ & Nagasaki %W
Distance m = 0 = =7 Remarks
i R T AR - T et i
AL CGL , =~ AL CGL
<1500 90 58 1.6 38 13 2.9 Hiroshima I &
CLL 3181 » /95kik
1500-2000 18 13 1.4 7 4 1 Nagasaki £ B
CLL 11, (3 exposed)
2000+ 68 14 4.9 74 9 8.2 HE ) TR LI B S)
) CML 1 itk it 4 2RAE
Nonexposed 351 65 5.4 304 a7 8.2
e 3 = )
Japan Komiya (1936-59) /& 2.9
H & W akisaka (1956-61) I3 5.8

Tomonaga (1946-65, Kyushu JLJl ) & & 5.6

TABLE 6 INCIDENCE OF LEUKEMIA IN SURVIVORS RESIDENT IN HIROSHIMA AND
NAGASAKI AT TIME OF ONSET, BY EXPOSURE DISTANCE AND TYPE —1946-65
%6 JEBAEICAE - BWICEE LT AEEE O O LR EE
BRIEME S X ORI, 1946 - 65 1F

Rate per 105 population

Type Distance m ALI1077 2% 7= 0 S5k

e e Hiroshima Nagasaki_

[reg o

AL <1000 93.1 60.2

Atk 1000-1499 16.3 31.3

1500-1999 3.8 5.8

2000+ 3.3 3.6

Nonexposed JF # i 2.0 22

CGL <1000 37.3 12.0

1L A RERE 1000-1499 16.3 8.7

1500-1999 25 2.9

2000+ 0.6 0.4

Nonexposed 3 # B 0.2 0.2

-1



TABLE 7 INCIDENCE OF LEUKEMIA IN RESIDENT IN HIROSHIMA AND NAGASAKI

EXPOSED UNDER 1500m BY TYPE AND AGE AT TIME OF BOMB — 1946-65

#T7 150mEHCHBLALEESEUVEBOEEEIZ 5 5 Qe %
i & & RS O SE B, 1946 — 655

Type Ag;a Hiroshima I5 & Nagasaki £ i
Wi i Case fEM Rate* B % Case 1M Rate* R/EH
AL 09 11 33.6 7 68.2
BiE 10-19 13 32.3 10 41.9
20-39 15 228 3 16.3
40-59 9 15.8 3 26.1
60+ 2 21.8 0 0
GCL 0.9 4 11.9 3 29.2
BEERWIE g9 4 9.9 1 4.2
2039 15 22.8 1 5.4
10-59 13 22.8 1 8.7
60+ 2 21.8 0 0

*Rate/ 100,000 year A 11075 % 7= 0 S E 5

TABLE 8 MEAN YEAR OF ONSET AND EXPOSURE DISTANCE IN ACUTE LEUKEMIA
AND CHRONIC GRANULOCYTIC LEUKEMIA —1946-65

#8 BMEAIE (AL ) & & UIRIEHSEIE MR (CGL ) 12 & 13 5 FHRR R
Bk U EEME: 1946 - 654F

City Distance m Type .Cascs Mean year of unse-i:
Hi# ¥ERE 3 Y tnat]] - ¥ 3 4 R
Hiroshima <1500 AL a0 1954.7
I CGL 58 1953.9
15002000 AL 18 1956.1
CGL 13 1954.5
2000+ AL 68 1957.2
CGL 14 1956.3
Nonexposed FE#EFH AL 351 1958.3
CGL 65 1957.0
Nagasaki <1500 AL 38 1953.9
g CGL 13 1953.2
1500-2000 AL 7 1956.4
CGL 4 1954.8
2000+ AL 74 1956.8
CGILL 9 1956.1
| Nonexposed I 8 #& AL 304 1959.5
| CGL 37 1958.5

TABLE 9 TYPE DISTRIBUTION OF ACUTE LEUKEMIA IN EXPOSED <1500 m IN HIROSHIMA
‘ AND NAGASAKI BY YEAR OF ONSET —1946-65
#9 KR EEIZHEGTS1500m RO #EE0BHERMN O 0K O
RIS A, 1946 — 654F

| City Year AGL ALL AML  ALTU*

| it 51 s SR RfEY e BMMEME S SRl
Hiroshima 1946-55 18 16 2 16
] 1956-65 15 6 4 13
Nagasaki 1946.55 15 3 6 1
ety 1956-65 10 2 1 0

*ALTU: Acute Leukemia Type-Unknown 2IEEQME, s HELH




granulocytic leukemia in both cities. Comparing the
0-1500 m groups of the two cities, there is no difference
in the incidence rates of acute leukemia, but the incidence
rate of chronic granulocytic leukemia in Hiroshima is
almost two to three times as high as that in Nagasaki.
The difference in the type between the two cities may be

valuable for further study.

Table 7 shows the incidence rate of leukemia by age
group ATB. Nagasaki has a higher incidence rate in the
youngest group both for acute leukemia and chronic
granulocytic leukemia. Age at onset of disease also
discloses a shift to younger ages in Nagasaki as shown
in Figure 9. In attempting to elucidate a relation between
the type and the period of latency, mean year of onset of
disease was calculated for the overall sample irrespective
of residence at time of onset (Table 8). The closer the
distance of exposure, the shorter is the latent period.

MO L Sy, lifo 0 -1500m O & g
b, AN oRER CEERLZID VY, EE
LR EEEEAOMBoREERL, EHEOFAED
BIELALZEAVLIMEEY. LS - REWNTCEY
B ERE, ABELIIEe ) XA T AMED
hatolbtBEbHbhi.

T IR RS R O B R R R T, R
TR AN A LR R R & b IR
A gL, MR T &Y, BRI H 5 R
W d HIEAT - TV 5. LRI & o MFE 2 RN
T B0, BEmoRBEmcEGEL O ERediion
TEHREMEELRD~ (£8). HBERENECIZEH
BB AR AT

FIGURE 9 AGE DISTRIBUTION OF CHRONIC GRANULOCYTIC LEUKEMIA
IN EXPOSED, HIROSHIMA AND NAGASAKI
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Figure 10 shows the distribution by time and chronicity
of 199 cases exposed within 1500m. In both cities, the
distribution curve of the acute leukemia cases appears
bimodal or trimodal, whereas that for chronic granuloeytic
leukemia has a broad single peak. To determine whether
the peaks of acute leukemia are significant, the cases in
various types in hoth cities were classified chronologically
into those prior to 1955 and those thereafter and were
then mutually compared. The diagnosis of Hiroshima
cases was performed by the staff of ABCC and Nagasaki
cases by the author. As shown in Table 9, there is no
significant difference, except for the low value of acute
ivmphoeytic leukemia in Hiroshima during the second
period.

BI1013, 1500 msRil THME LA 199 Bl o 28 5 & U2
PERI @S AG % A, WITH & b B O i i e
S osElEERT LS TH B A, 1B EIE A R
BB OB R A . BEAMB & b BN
HETHIPELPERET A0, WHIET 2 EME
OIEH F 1956 ENMoE LTI AN EoE IS L,
HAE L. F 7 5
OIEMIEEE BT L. RIZRTERY, KRO%
R APEY v SERIE T IMFEE AL LT v A HIHZIEE

BEoERZAD TV,

15 B oER L ABCC o Bk & 7,
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FIGURE 10 LEUKEMIA CASES <1500 m
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The distribution of 210 cases exposed bevond 1500 m is
The increasing tendency of acute
with

shown in Figure 11.
increased
The
distribution of this group differs in that most cases and

leukemia incidence is consistent the

spontaneous leukemia incidence for all Japan.

especially those of chronie granulocytic leukemia in the
0-1500 m group occurred before 1955.

Next, the tvpes of radiation-induced human leukemias will be
The data of

cover the incidences during the

categories (Table 10).
Wakisaka and Miy ata®’
past 20 vears in all Japan.

compared for several ¢

It is quite obvious that
therapeutic irradiation has a tendency to induce acute
leukemia, while occupational irradiation relates to chronic
granulocvtic leukemia. Results from the atomic bomb
survivors might be positioned between the occupational
the Chronic
The type
like that of the occu-
Therapeutic irradiation

and therapeutical irradiation categories.
Ivmphocvtic leukemia is rare in all categories.
of leukemia in Hiroshima is more
pational group than in Nagasaki.

is acute, single, intermittent, and local, while occupational
continuous, and of whole

irradiation is chronic, body.

In atomic bomb survivers, it is acute, momentary, and of

whole body.

considered as a mixture of the occupational and therapeutic

The mode of atomic bomb irradiation can he

tvpes. It is very interesting that the types of leukemia

induced by radiation correspond to the mode of irradiation.

Doll®®
between the British and the atomic bomb series may

Court Brown and suggest that the difference

indicate that the persons exposed to high doses delivered
at high dose rates from the atomic bomb died earlier,
whereas patients who received chronically high therapeutic
doses of irradiation survived comparable doses but
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TABLE 10 CLASSIFICATION OF LEUKEMIA IN VARIOUS CATEGORIES OF RADIATION EXPOSURE

#£10  BATERTER] o C i o0
Category Authors AL CGL CLL AL/CGL
X 5 e B 1B R YR oSERE B/ MM
Therapautic Court-Brown & Doll 33 9 1 3.6
it 5% Maoloney 63 17 1 3.7
Wakisaka and Miyata
Miis & UER 33 9 0 3.6
Occupational Moloney 5 5 2 1.0
T iy Wakisaka and Miyata
i 45 & UFE 18 19 1 0.9
Exposed 835 &
<1500m Hiroshima £ & 40 58 0 1.6
Nagasaki 2 38 13 0 2.9
1500-2000m Hiroshima I5 & 18 13 0 1.4
Nagasaki £ iff 7 4 1] 1.7
2000+ m Hiroshima & 5 68 14 0 4.9
9 3 2.2

Nagasaki i 74

developed acute leukemia. This implies that both the doge
rate and the total dose affect the type of leukemia. The
present author considers the extent of irradiated area,
that is, local or of whole body, as another of the factors
which affect the type of leukemia induced by irradiation.

The working hypothesis presented by h‘li)‘aka:.” seems to
be a good explanation for the type-specificity of radiation-
induced leukemia. Assuming that the leukemia oceurs from
the disturbance of the process of destruction and restoration
of the irradiated hematopoietic tissues, acute leukemia
mostly develops in the hypoplastic marrow, while the
chronic granulocytic leukemia develops in the hyperplastic
marrow. In therapeutically irradiated cases, the hemato-
poietic tissues become markedly aplastic by local heavy
irradiation, then in the way of regeneration, blast cells
rapidly acquire malignant nature, developing acute leukemia.
On the other hand, the bone marrow becomes-aplastic or
hypoplastic immediately after exposure to the single whole
body irradiation by the atomic bomb, followed by ununi-
formal hyperplasia, from which chronic granulocytic
leukemia develops. This is consistent with occupationally
irradiated cases who are chronically exposed to continuous
whole body irradiation of small doses.

It is obvious from the above data that there is a difference
in type distribution between Hiroshima and Nagasaki.
Although it is quite difficult, the cause of the difference
between the two cities may be explained by means of
analogy with the hypothesis of Court Brown. The total
doses of atomic bomb irradiation were greater in Hiroshima

FRICBE BT S AT 5. 4 RS,
T ub b REBRETHE S RYGRITHE AT LN, B
xS MBEOFRE I HEE RIETHOERLEL 5.

S ARE L ARSI 1, HOSHRAE S O s O 55 R
WA AENAFHMTES EEbRE. AMME, HAtE
Tif £ v A A 0 B & (1 0B AR 1T 0t B RS IR R
TALEET S L6 1E, atEameitE e L TEBRE
Wilzde 2 2 AT, 180 BT D L T W S
%, BMEESE T LA, BEORSOLHRERTO
MM E L CERRE &Y, BEOR ETHMRE
Sz Bl L, AERmEsED 5. —J, B
k3 —Eo4 G RITEE, FHAEBRE 2 LER
Ellh-T, T

ST AR TR Z D, 1SR
MEnFHEIRET S, CHIGEYE S L THREORE
o - A 1 B o MRl Al = G

LERIUEHCETIHRUGHIIEROH D Z LITH
LAz EAGHLATH LA, HHEHOERORERZ
MEAT A EIRAEE TIE A v, Court Brown MR A 6
B L TRAZZEHFTE D, RROMBERE LR
ENEkE VDT, REOEBEIZEGOEMRE LY



than in Nagasaki and therefore it might be said that
Hiroshima survivors developed a relatively higher
occurrence of chronie granulocytie leukemia than in
Nagasaki, because those who would have developed acute
leukemia, if they had survived, died of acute injuries.
Another hypothesis would explain this. Gamma rays
were similar in dose in both cities, but the neutron dose
was higher in Hiroshima. This difference in components
of radiation between the two cities might be responsible
for the high incidence rate of chronic granuloeytic leukemia
in Hiroshima.

It may not be reasonable to explain the rarity of chronic
lymphocytic leukemia in atomic bomb survivors as relating
to the rarity of spontaneous chronic lymphoeytic leukemia
in Japan, because this type of leukemia is also rare in
western countries after therapeutic or occupational
irradiation.

The high rate of chronic granulocytic leukemia in the
younger age group is strikingly different from the usual
distribution of spontaneous leukemia and suggests a
radiation effect independent of natural distribution. In
this sense, chronic granulocytic leukemia is a more
specific type of radiation induced leukemia.

The problem concerning the types of leukemia induced by
radiation will be clarified in the future by studying leukemia
incidences caused by therapeutical irradiation and
occupational irradiation as well as by developing animal

experiments.
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