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EDITOR'S NOTE
REEODEE

The ABCC Bilingual Technical Report series began in 1959. In
order that manuscripts which have never been published or are
available only in one language may be made a matter of record
for reference purposes, the 1959 series is being kept open
and items will be added from time to time.

1959 2 5 HEM LI L2 ABC CEMMEBOEREZMIE LA, ZhE T2
RENLPSABF, XE—FoEBAICERShALDE, 2EHBHE LT 1
WIZ195EEE o Izl EI & L 5.

THE ABCC TECHNICAL REPORT SERIES
ABCCHRHEEsE

The ABCC Technieal Reports provide a focal reference for the work of the Atomic Bomh
Casual ty Commission. They provide the authorized bilingual stntements required to
meet the needs of both Japanese and American components of the staff, consultants,
advisory councils, and affiliated governmental and private organizations. The reports
are designed to facilitate discussion of work in progress preparatory to publication,
to record the results of studies of limited interest unsuitable for publication, to
furnish data of general reference value, and to register the finished work of the
Commission. As they are not for bibliographie reference, copies of Technical Reports
are numbered and distribution is limited to the staff of the Commission and to allied
scientifiec groups.
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LEUKEMIA IN ATOMIC BOMB SURVIVORS

I, GENERAL OBSERVATIONS
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ROBERT D. LANGE, WILLIAM C. MOLONEY, and TOKUSO YAMAWAKIL. *

Leukemogenesis induced by repeated exposures
to x-ray and other forms of radiation energy has
long been recognized in man and in experimental
animals. ™™ The explosion of the atomic bombs
in Japan exposed two large human populations to
single brief but massive doses of ionizing irradia-
tion and subsequently a marked increase in leukemia
among survivors was reported. " The present
study consists of a review of all cases of leukemia
referred to the Atomic Bomb Casualty Commission
from 1948 to April 1952 together with thirty-nine
new cases, bringing the total to seventy-five
established cases of leukemia occurring in atomic
bomb survivors in Hiroshima and Nagasaki up to
January 1, 1953.

METHODS AND MATERIALS

In the five year period from 1948 through 1952,
one hundred and fifty cases of leukemia were
investigated by the Atomic Bomb Casualty Com-
mission. Of these, twenty-six cases were excluded
because of failure to meet the criteria of adequate
clinical and radiation data with blood smears, bone
marrow smears, or autopsy material available for

study by the authors.

The sources of the leukemia cases were as

follows :

1. Patients encountered during routine medical
and hematologic surveys of atomic bomb survivors.
Ten such cases have been discovered: four during
a hematologic survey of nine hundred epilated
Hiroshima survivors originally studied in 1947-1948
by Snell, Neel, and Ishibashi, and by Yamasowa
in 1949,%7 and six during the medical survey of

X LU O Mo BHH =+ L ¥ —OREBH
Lo TARE o ERICAMENAFR SRS LW
5 ERPHIMBRD BATHS ¥, H AT I b
TETHAMOMBIIZ L > T2 20K EARE,
EREEP TR O BRSO 1| BBHEZ . T
D, FREFECIER AR #RE S h
7o, RFETITIMBES H1952F 4 A ¥ TR
EAERALITRA SR SRIMBIER, X 0% L
WEEFBIAl o THRE T ishbivic, ShiZ X ->TC
1953421 A 1 B & TiZ BB J OB o [ it 4 17
HIZRE L IR0 RERE BRI M e > 1o,

HEHBLUAE
194847 519524F % T0 5 4RI [FR BHAERA
ZirAMF 150 ML Lz, ZOho26(it, FH
I A7 R N 7B 2 A N e B e
B L7cit, B I ORI o G i a TR R
Lisio - Tt Liz,

BIFEAIKRO L 5 L TR bRz,

1. BREfFHITHTHESNE X OMEFHEE
TEWTRRLAEEE. CoFRCLTRALLERE
HFITWRTH D, T, BBLER LR pR
A TERE 900 T D\ TR EEDS B 194748
519484 = 23+ -T Snell, Neel 45 1 0¢ Ishibashi = I
> Tiriebit, KO TIMHFEC LIS L » Tiichh
TWaa, TOMETLABR SRS, FizElt &

Blood. Vol. IX 574-585, 1954
# Atomic Bomb Casualty Commission

FAERERAS



two thousand five hundred and eighty adult survi-
vors in Hircshima and Nagasaki.?

2, Patients referred to the Atomic Bomb Casualty
Commission by lecal physicians or visited by
Commission doctors in Hiroshima and Nagasaki
hospitals.

3. Cases discovered through death certificates.
Only those cases in which there was adequate
clinical and radiation history with blood and bone
marrow smears available for study by the authors

were included.

In all, one hundred and twenty-four cases of
leukemia were studied, seventy—five among exposed
and forty-nine in nonexposed individuals. The term
“‘exposed’, as used in this report, is applied to
anyone present in the cities of Hiroshima and
Nagasaki during the atomic bombings. Exposure
is further qualified by the factors of distance from
the hypocenter,™ shielding, and a history of the
presence or absence of complaints indicative of

radiation sickness following the bombing.

The same methods of study were used for both
the nonexposed and exposed groups. Information
concerning the nonexposed cases is included in
this report; however, the data are not used in a
comparative analysis because of the differences in

the two groups in regard to age and sex.

An estimation of the surviving population presents
many difficulties mainly because movements of
survivors to and from the cities makes the deter-
mination of the number of survivors conjectural.
In 1949 the Commission carried out a radiation
census in an attempt to determine the numbers,
age, sex, and distance from the hypocenter of the
survivors residing in the cities of Hiroshima and
Nagasaki, from which it was determined that
there were 98,265 survivors in Hiroshima and
96,962 survivors in Nagasaki. In 1950, during the
Japanese National Census, a questionnaire was

included concerning survivors and figures were

VR ORNBIRE{FE280E0ESXHMET6 (A4
ﬁ% L?’:” o

2, WEOEMAFRBEEFHEEASICHN LA
#H, H5VIIERLOEMALE®R L UEMORET
?ﬁg Lf;.ﬁgu

3. ErEHBsESWTRELEBE, ok
@ L mEBEY S D . Bolifits L OVE iR HEA
DBFNTELEEDZLRB/EICE DI,

B AA 124 flZ#E Licht, o075
HRE, VFIEEBRETHo T, KTHMA T 3
Ml | &5 AR, BUBMCIRE ¥ - ik R
ORI TR TOAI VS, HEREIL, 18
DT 2B FEEE, I TR X OSBRI B0 S 1K
HHREE O EFROF Mz B 5 IR X o R Tz &
<= THERE L1z,

IR E I X OBURHTIR ISR LG —iN
Wz, FEEIRE OB IE R 2 oL = 2
LTz Lo Ligaih, Gl X O HEENRmizouw
THEBEOMIZENRH 50T, ORI E#EmITCIT
7 Lichotz,

R EEERoRECIZEZ OMEL B Y, h
2L LTEmoBIREFEEOEN, BALDS1D
RS FERIERNCEE oW LicdkT 5. 1949
FIFRSERESRA SR, K - BMETICEET
HEIREFEOR, Fhh, NS, I LURLMS
HOEMYRE TS BN TREBEEANAELYTREL,
COFEOER, WBREFEBIEETS8,265%, £
W 796,962 TH B L3 birfz, 19504, ERME
DFICERE LM MR RAE TRV, 0N
SRR - BSMmEMROoLL 63, ARSEIC
FET R Eo R B, RlCHET 5 Al sl

“ The hypocenter is that point on the ground immediately below the bomb burst.

Bobe i, RFRREREAETOM DR TH S,

¢ 23



obtained from this census as to the number of
survivors not only in the cities and prefectures of
Hiroshima and Nagasaki but also for survivors
residing in other parts of Japan. Since the leukemia
cases reported in this study were encountered not
only in the cities of Hiroshima and Nagasaki but
also in the prefectures, an attempt has been made
to calculate the combined city-prefecture survivor
population. Since the total number, age, and sex
of survivors in the prefectures were known but
not the distance from the hypocenter, the figures
for the cities in each age and sex category were
expanded to include the prefectural survivors (see
tables 1 and 2). This calculation presupposes that
survivors moved out of the city to the prefecture
in the same relative proportions for age, sex, and
distance, a supposition which, of course, may not
be correct. However, until further and more
accurate information is obtained, these population

estimates are the only ones available.

RESULTS OF STUDIES

Sex: Of the seventy-five exposed cases of
leukemia as shown in figures 1, 2, and 3, there
were thirty—eight males and thirty-seven females;
of the forty-nine nonexposed cases there were
thirty-one males and eighteen females. As shown
in tables 1 and 2, in certain age groups there
were relatively marked differences in the numbers
of males and females. However, a statistical
analysis of the Hiroshima data showed no influence
of sex on the occurrence of leukemia among the
atomic bomb survivors of that city. This is of
some importance since twenty of the twenty-four
cases of leukemia following radiation exposure
reported up until 1942 occurred in males.? This
was undoubtedly due to the increased occupational
exposure of males since the present study shows
no sex difference in the occurrence of leukemia

following the exposure to radiation.

Age: An analysis of the age influence on the
leukemogenic effect of radiation has hitherto not
been possible since all of the prior cases of leuke-
mia, in which radiation has been implicated, have
occurred in adults and were in the nature of an

occupational hazard.'™* The age at death or the

WRIEE; - BRSO 20 bF, MRPIHR CRA L
HLHomb, mLROBREFERY L TRHET
B EERA, AR AERETEEORK. &
ERl, 3 TOMERIHERGI I EM LT 5%, RO 5
DEENTH TH 526, MHORFERIE X OHER
EFicfRosidEFEZThfhAhS L 5T L
(FE1HIUER2%ER). cOHNTE, BREFSE
O LRAOBRAAERDN, 45, B LIUEEE
BIX Sz TR0 MR T fdbhic LR
ELTW5h, ZOFERRIELL v bahis
Ve LaL7chih, SEEBIERCENYATT2
¥ TiE, COARHEERSFIN LALE—DLDOTSH

-
Do

woE OB R

R E 1, 28 XU 3EE TN, BURE SN
75 TS TE, ST ThH oo IR
FEMFEA F o T3 Y, 18Ms L ETH -
fzo F 1B IOE2ZFETWL , FEOFERT LS
& Aotk S I P S HEBEt R M A 22 ih o7z L
P L e, REOEERHREHIICRT LIcE R Tk
REHOBRERFLIC BT 5 AMFHERBEICR LT
EELRDhot, chilihVEER 2 & TH
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DRMFEARAOF D20 FHRE LTHWE205T

Y, AEECIERBEoRIRABECHEERT L
TWiawoT, Bt RELBRERART 5 - Lais
W SHICHIREOWEAME Ul & EIEBEV AL,

£ fkoammE Al TREHRICEELTu 210
ik, TXTRAILREEL, BoOREEOEREV 2
HHEOLOTHoloh b, HSHHO SR £ R
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Fig. 1.—Distribution of leukemia cases by distance from the hypocenter compared to population of
survivors in Hiroshima City and Prefecture.
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Fig. 2.—Distribution of leukemia cases by distance from the hypocenter compared to population of
survivors in Nagasaki City and Prefecture.
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Table 1.—Cases of Leukemia in Hiroshima City and Prefecture by Age and

#1

IR i &I B R

Exposure Distance

Tl % R lin ) B AR BE e B S s ()3

Distance from hypocenter in meters {.0HiA HOEAE (m)

Date of birth 0~999 1000~1499 1500~2499 e Tl
H 4 & Cases Cases Cases Cases Cases
Pop. leuk. Pop. leuk. Pop. leuk. Pop. leuk. Pop. leulk,
A B BIIFE | A R | BIE | A B | JE = 1 NG = R O = T 1
7 # A 3% 7l % 7l # Al %
Male 5 {4
1941~1945.......00 39 1 528 2,257 3,843 il 6,667 2
1936~1940......... 32 406 1 1,826 I 2,946 5,210 2
1926~1935......... 157 1 1,424 4 5,117 7,343 14,041 5]
1916521985 s 91 3 662 2,063 2 2,863 5,679 3
1896~1915....... . 273 1 2,020 4 5,808 1 8,160 16,261 6
1895 & before ... 1050 1 | 1,009 1 | 3,402 4,692 1 | 9,308 3
LLRI
To:tlal ............ 607 7 6,059 10 | 20,563 4 | 29,847 o | 57,166 23
Female +
1941~1945......... 39 569 4 2,290 1 3,687 6,579 5
1936~1940......... 29 1 378 X 1,734 2,998 5,139 2
1926~1935......... 340 3 1,645 3 5,321 6,854 14,160 6
1916~1925......... 239 3 1,454 2 4,313 2 5,935 11,941 7
1896~1915......... 184 1 2,386 4 7,808 9,633 1 20,011 6
1895 & before ... 62, 1 999 1 3,672 il 5,312 10,045, 3
LA
To_ti"cll ............ 893 9 7,431 15 25,138 4 34,413 1 67,875 29
En
Combined [ {4
1941~1945......... 78 i 1,097 4 4,547 1 7,524 1 13,246 7
1936~1940......... 61 1 784 2 3,560 1 5,944 10,349 4
1926~1935......... 497 4 3,069 7 10,438 14,197 28,201 11
1916~1925:..c0u: « 330 6 2,116 2. 6,376 4 8,798 17,620 12
1896~1915......... 457 2 4,406 8 13,616 1 17,793 1 36,272 12
1895 & before ... 167, 2 2,018 2 7,164 1 10,004 1 19,353 6
LA
Totaleeorsmamns 1,590 16 13,490 25 45,701 8 64,260 3 | 125,041 52
ﬁ_l.
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Table 2,—Cases of Leukemia in Nagasaki City and Prefecture by Age and

F2 R & B IRT el 2 Pl ) AR R T 15 LA ()

Exposure Distance

Distance from hypocenter in meters a2 BOFEHE (m)

Dite: 6 Fith 0 ~999 1000~1499 1500~2499 %gggﬁfﬁo Tgft_al
H % Cases | Cases Cases Cases Cases
Pop. leuk. Pop. leuk. Pop. leuk. Pop. leuk. Pop. leulk.
A B AaE | A B Al | A R | alE | A R JiE | A B | [
% 7 # Al # % G
Male 5B {4
1941~1845 .. coisas 24 147 2 614' 5,372 6, 157; 2
1936~1940......... 34 119 1 596 il 5,460 6, 209‘ 2
19261935\ umizs 105 706 1: 1,359 1 11,478 1 13,648 3
1916~1925......... 104 314 1 444 2 3,305 4,167 3
1896~1915........ 122 605 1,178 1 10,417 3 12,322, Kl
1895 & before ... 29 172 701 6,674 1 7,576[ 1
LA |
Ta:a[ ............ 418 2,063 5 4,892 5 42,706 5 50,079 15
Female +
1941~1945......... 37 129 635 1 5,412 1 6,213 2
1936~1940.. ...... 36 136 1 631 5,350 6,153 1
1926~1935 " 00smees 189 2 873 2 1,491 11,786 14,339 4
1916~1925.:00000 83 507 1,114 8,586 1 10,290 1
18961915, ...ai5s 74l 352 1,697 13,387 15,507
1895 & before ... 39 118 799 7,598 8,554
L
Tojtlal ............ 455 2 2,115 3 6,367 1 52,119 2 61,056 8
Combined W
1941~1945 vz 61 276 2 1,249 1 10,784 1 12, 370! 4
1936~1940......... 70 255 2 1,227 1 10,810 12,362 3
1926~1935......... 294 2 1,579 3 2,850 1 23,264 1 27,987 T
1916~=1928..covnrer 187 821 1 1,558 2 11,891 1 14,457 4
1896~1915:c0iuesn 193 957 2,875 1 23,804 3 27,829 4
1895 & belore ... 68 290 1,500 14,272 1 16,130 1
LA
Tol;lail ............ 873 2 4,178 8 11,259 6 94,825 7 | 111,135 23
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present age of living individuals in this series is
graphically shown in figure 4. (It should be noted
that the age recorded here differs from that in
tables 1 and 2, where the date of birth is recorded.)
In the exposed series there were ten cases of
leukemia, 6 to 9 years of age; sixteen cases 10 to
19; fourteen cases 20 to 29; thirteen cases 30 to
39; nine cases 40 to 49; eight cases 50 to 59; and
five cases occurring after the age of 60. By
contrast, in the nonexposed series there were sixteen
cases between the ages of 1 and 5 and six cases
from 6 to 9. In the other age groups there were
six cases in the 10 to 19 age group; five cases 20
to 29; four cases 30 to 39; four cases 40 to 49;
Five cases 50 to 59; and three cases beyond the age
of 60, It is obvious from the disproportionate age
groups and the sex differences that the nonexposed
individuals in this series cannot serve as proper
controls for the exposed groups in any discussion
of comparative incidence or type of leukemia.
Recent information indicates that most young
infants were evacuated from the cities prior to the
bombings. The lack of survivors in the lowest age
group is shown in table 3. Another reason for the
discrepancy in the age groups is apparent; because
of the chaotic conditions and lack of medical
facilities, no reliable information concerning leuke-
mia is available before 1948 and therefore, no
patient younger than 3 could have been included
in this series. Actually the youngest patient

reported in the exposed group was 6 years of age.

Experimental work indicates that young mice
are more sensitive than older ones to the leukemo-
genic effects of radiation. ! In humans, prior
experience with leukemia following radiation has
been limited to adults. However, a statistical
analysis of the Hiroshima data for exposed cases
based on table 1 demonstrates that the leukemo-
genic effect of radiation is manifested in all age
levels represented in this series and, further, that
there is no increased susceptibility apparent in
younger individuals, from the data collected thus

far.

Type of Leukemia: The types of leukemia

occurring in this series have been classified in the
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usually accepted manner as myelogenous, lym-
phatic, monocytic, and reticulum cell. The cases
are further subdivided according to cell maturity
and duration of the disease, into acute, subacute,
and chronic. In figure 5, which graphically
portrays the type of leukemia found in the exposed
and nonexposed populations, the acute and subacute
leukemias are combined. In seven cases it was not
possible definitely to ascertain the cell type, and
these were listed as acute leukemia, type unspec-

ified.

It may be seen from figure 5 that in the exposed
group there are thirty-one cases of chronic mye-
logenous, twenty cases of acute myelogenous, and
twelve cases of acute lymphatic leukemia. Of the
remaining twelve cases, there were six cases of
three cases of

acute leukemia, type unspecified,

acute monocylic, two cases of acute reticulum
cell, and only a single case of chronic lymphatic
leukemia. In the nonexposed groups there were

twenty—three cases of acute myelogenous leukemia,
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Fig. 3.—Combined data on cases of leukemia in Hiroshima and Nagasaki Cities and Prefectures.
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Table 3.,—Population of Hiroshima City in October 1950 by Age and Sex
#F#3 195010 iz ksiT IR OFEM B LUHENA R

Total 3t A—Bonpb ;ur“{iyors Unexposeq popfxlation
Age 4l [R5 IE B B 4
Male ’ Femdle ’ Total Male Fema]_e I Tgtai Male_ Eenla_le ‘ Tgtal
g% it Eillc ¥ &t 5B o Bt

O~ 19274 18419 37693 3 3 6 19271 18416 37687
5'=0 15431 15036 30467 5641 5614 11255 9790 9422 19212
10~14 12022 11905 23927 4545 4501 9046 TATT 7404 14881
15~19 14648 13146 27794 4683 4291 8974 9965 8855 18820
20~24 15442 15429 30871 4671 6300 10971 10771 9129 19900
25~29 12540 14239 26779 1500 4991 6491 11040 9248 20288
30~34 10443 11461 21904 2090 4337 6427 8353 7124 15477
35~39 10270 10172 20442 2463 4441 6904 7807 5731 13538
40~44 8441 8163 16604 2800 4467 7267 5641 3696 9337
45~49 6980 6681 13661 3163 4228 7391 3817 2453 6270
50~54 5658 5239 10897 3408 3554 6962 2250 1685 3935
55~59 3697 3894 7861 2597 2611 5208 1370 1283 2653
60~064 2888 3250 6138 2058 2147 4205 830 1103 1933
65~69 2022 2634 4656 1446 1654 3100 576 980 1556
70~T74 1269 2029 3298 897 1227 2124 372 302 1174
75~79 581 1099 1680 410 678 1088 171 421 592
80~84 239 507 746 155 328 483 84 179 263

85 & over Ll |- 68 180 248 57 130 187 11 50 61
Unknown 7~Af 29 17 46 4 9 13 25 8 33
Total Bf vupessanns 142212 | 143500 | 285712 42591 55511 98102 99621 87989 | 187610

Fig. 5. —Types of leukemia occurring in one hundred and twenty-four exposed and nonexposed

individuals.
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fifteen cases of acute lymphatic leukemia, four MBI 2 @1,
cases each of chronic myelogenous and acute mono-
cytic, one case of acute leukemia, type unspecified,
and only two cases of chronic lymphatic leukemia.
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Table 4. —Type of Leukemia Relate

d to Distance from Hypocenter, Radiation

Complaints, and Sex

4 O B OBENE . FOEHRER S L ORI S mE R
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Fig. 6.—Distribution of exposed and nonexposed cases by year of onset. In two cases, the date of
onset was not known.
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the types recorded for the exposed and unexposed
groups, but this is no doubt related to the fact
that the two groups are not matched by age.
Secondly, myelogenous leukemia was the most
frequent type reported in the exposed group and
comprised fifty-one of the seventy-five cases.
Thirdly,

Iymphatic leukemia in the exposed group. Some

there has been only one case of chronic

of the reasons for the lack of lymphatic leukemia

in this series will be presented in the discussion.
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A fourth point of interest is that forty-three oJ
the seventy—five cases in the exposed group were
acute and thirty-two chronic, while in the non-
exposed group forty—three of the forty-nine cases

were acufe and only six cases were chronic.

Incidence of Leukemia

The determination of the incidence of leukemia
is complicated by the difficulties in the estimation
of the number of survivors and the lack of
information regarding the amount of radiation each
survivor received. This has been partly overcome
by the defermination of the distance from the
hypocenter, degree of shielding, and a careful
evaluation of the radiation complaints occurring
after the bombing.

The total number of cases of leukemia which
have occurred in relation to the population are
given in tables 1 and 2, and graphically represented
in figures 1, 2, and 3, It is emphasized that the
figures represent a five year compilation in a fixed
exposed population which theoretically can only
decrease through death but cannot increase its
numbers as in a normal population. In the 2463
survivors exposed under 1000 meters, thus far
eighteen cases of leukemia have been discovered.
Among 17,568 survivors between 1000 and 1499
meters there were thirty-three cases and in the
zone 1500 to 2499 there were 56,960 survivors and
fourteen cases of leukemia. Thus, in the 76,891
survivors under 2500 meters sixty-five cases of
leukemia have been found to date, while in the
combined total of 159,285 people beyond 2500
meters who survived in both cities, there have

been only ten cases.

Since no significant differences existed between
the sexes or age groups in their susceptibility to
the leukemogenic effect of radiation in a statistical
analysis of the Hiroshima data, the exposed cases
from both cities were combined and a highly
significant difference in the incidence of leukemia
among the four distance groups was found. In fact,
the probability of obtaining so large a difference,
granting that the groups are derived from a homo-
geneous population, is less than .001.
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The significance attributed to distance from the
hypocenter as a factor in exposure must be quali-
fied by actual radiation absorption. Typical radiation
complaints in an individual who was exposed to
the atomic bomb, represent the best available
evidence of a significant amount of radiation.
However, owing to the questionable accuracy in
history—taking, as well as to individual biologic
variation, the value of such information may be
equivocal. Moreover, LeRoy and others!'t'' have
pointed out that bone marrow depression, as evi-
denced by leukopenia, occurred even in the absence

of other symptoms of the acute radiation syndrome.

The presence of significant radiation complaints
in the exposed. individuals with leukemia has
been analysed and is shown in table 4. In all
eighteen cases exposed under 1000 meters there
Of the
thirty—three patients exposed between 1000 and 1499

were significant radiation complaints.

meters, twenty had significant radiation complaints,
and of the fourteen patients between 1500 and
2499 meters, nine had significant radiation com-
plaints. In contrast, none of the patients exposed
beyond 2500 meters had significant radiation com-

plaints.

An attempt was made to evaluate whether
shielding at the time of the bombing was a factor
in the eighteen asymptomatic patients exposed
under 2500 meters. Of the eighteen, eleven were
located in Japanese style houses which would have
offered a minimal amount of shielding. One
individual was in a train but was shielded by the
concrete station which probably offered protection
from radiation. Another individual was in a steel
frame workshop covered by galvanized metal.
However, his exact positon in the shop was unknown
so the extent of the shielding factor cannot
be determined. Only three people were said to
have been in the open and therefore presumably
completely unprotected. In two remaining cases,

information on shielding was not available.
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Date of Onset

In the cases of leukemia previously described
among radiologists, it has been impossible to
delineate a true latent period since the exposure
consisted of small doses of radiation absorbed over
a long period of time. It becomes of particular
interest therefore to note the dates of onset of
leukemia in this series, since these individuals had
a brief single exposure to ionizing radiation in
1945. Asshown in figure 6, five cases of leukemia
dated the onset of their symptoms in 1947, In the
following years there were twelve cases with the
onset in 1948, seven cases in 1949, twenty-one
cases in 1950, nineteen cases in 1951, and eleven
cases in 1952, In this series it is noteworthy that
the largest number of cases had their onset in
1950, five years following exposure. Actually some
cases have been seen in 1953, in which the onset
of symptoms was in 1952, but these cases are not
included since this report covers the material seen
from 1948 through 1952. Cases of leukemia have
been reported as occurring before 1947, but it has
been impossible to authenticate these reports;
therefore these cases are not included. It should be
noted that owing to the attendant publicity and
heightened interest, the diagnosis of leukemia has
been made with increasing frequency among the

nonexposed population in recent years (see fig. 6).

DISCUSSION

Recently Furth and Upton®'*! pointed out the
similarities between leukemia occurring in irradi-
ated mice to leukemia in atomic bomb survivors.
They state that in both there is ample evidence
that a single massive exposure to irradiation was
leukemogenic. In mice it was found that the
leukemia-producing dose of irradiation was high
(200 1). The observations on leukemia in survivors
support the concept that gamma radiation of high
energy was the chief leukemogenic agent and that
a single massive dose produces leukemia in man.
These data also support the premise that the
leukemogenic dose of irradiation is high and that
the incidence of leukemia is directly related to the
amount of irradiation received. In experimentla

animals, leukemogenesis is influenced by age, and
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leukemia occurs more frequently in younger irra-
diated mice. However, in atomic bomb survivors,
leukemia occurred in all age groups represented
but it was pointed out that infants were evacuated
from the cities prior to the bombings and few
very young children were exposed to atomic

radiation.

The distribution of types of leukemia in this
series was markedly dissimilar to the well estab-
lished pattern occurring in Western populations.
In two large series of cases recently published,
one from the United States and the other from
Secotland, chronic lymphatic leukemia was found to
occur most commonly. 1¥’¥ However, in leukemia
occurring among alomic bomb survivors, chronic
myelogenous leukemia was most frequently encoun-
tered (41 per cent),

leukemia second in frequency (26 per cent). To

with acute myelogenous

date only one case of chronic lymphatic leukemia
has been seen in the sevenly-five exposed cases.
In view of this myeloid preponderance, it would
be tempting to postulate that the increase of mye-
logenous leukemia was due to the direct effect
of radiation on the marrow. However, while the
groups are not comparable, it was noted that
chronic lymphatic leukemia was also infrequent
in the nonexposed series. Inquiry made among
Japanese hematologists confirmed the suspicion that
chronic lymphatic leukemia is comparatively rare in
Japan. In view of this fact, it seems unwarranted
to ascribe a preferential myeloid leukemogenic
activity to radiation. Nevertheless, these findings

are certainly worthy of further investigation.

Although a greatly increased incidence of leuke-
mia has been found, the number of cases presented
in this paper are in reality minimum figures. Cases
of leukemia have undoubtedly been missed and
other cases have been omitted because of the lack
of adequate material to confirm the diagnosis.
Some cases of leukemia in the exposed group
probably occurred before 1947, and cases are still
appearing among the exposed population. Another
obvious fact is that among the heavily irradiated
population many potential cases of leukemia per-

ished in the bombing or subsequently died of other
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causes. Ancillary information concerning the inci-
dence of leukemia has been obtained in the adult
medical survey in Hiroshima and Nagasaki where a
total of six cases of leukemia have been found in
a sample of two thousand five hundred and eighty
randomly selected adults exposed under 1500 meters.
This is an incidence of roughly 1:400. There
have been no cases in an equal number of nonex-
posed controls of the same age and sex. Similarly,
from a hematologic survey of nine hundred epilated
individuals in Hiroshima, there have been four
cases of leukemia, an incidence of 1:225, The
data on these survey cases, together with the
method of choosing the samples, are presented in

another report. ®

Observations on the occurrence of leukemia fol-
lowing a single massive dose of ionizing irradiation
presented a unique opportunity to estimate more
accurately the latent period of radiation-induced
leukemia in man. Moreover, routine blood examina-
tions carried out survivors resulted in the detection
of very early cases of chronic myelogenous leuke-
mia. The hematologic and biochemical studies
in these preclinical cases will be reported in a

subsequent communication.

SUMMARY AND CONCLUSIONS

1. Observations on seventy-five established cases
of leukemia occurring in people exposed to atomic
bomb radiation are presented.

2. These data indicate a great increase in the
incidence of leukemia among atomic bomb survivors
due to a single massive exposure fto ionizing
radiation.

3. The leukemogenic effects of radiation are
manifested equally in both sexes and at all age
levels represented in this series.

4. The striking preponderance of chronic mye-
logenous leukemia compared to chronic lymphatic
leukemia has been noted in exposed individuals
but it is pointed out that chronic lymphatic leuke-
mia is comparatively rare among the Japanese.

5. Cases of leukemia are still appearing in
atomic bomb survivors. However, since 1950 there

has been a steady decline in the number of cases.
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