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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 SURVIVORS OF ATOMIC BOMBING

ERHREFECSTZ2AM0H

WILLIAM C. MOLONEY, M. D.*

The leukemogenic effect of atomic radiation has
been well established by investigations on survivors
in Hiroshima and Nagasaki.! From 1948 to 1953,
under the auspices of the Atomic Bomb Casualty
Commission, observations on 75 verified cases were
reported. Subsequently 17 new cases were encoun-
tered, bringing to 92 the total number of established
cases occurring in survivors up to January 1, 1954
(Table 1). With these additional cases further
observations on various aspects of radiation-induced

leukemia are presented here.

Table 1.

B S o A IRAE R AN T, KB T OV R o
HREFHCOWTORETTHEDBR TS Y,
1948%EA: H19535E £ Tiz, RBHEHEZERAS (AB
CC) IZEMEEDIEFTHIZOLWTOMREE 2 # & L
Too T OHBITE G THEFALTAFER 24, 19544921 H
1 H ¥ CIoREEE TRE L 2ITER oEM 0
Buto2icic->7: (E1), ThBOFEMA ML Hh
1oO7C, WSR2 4« o Bibhs 5 2 il
LRy Smh<5,

Population of Survivors in Hiroshima and Nagasaki Cities and Prefectures,

with the Distribution of 92 Verified Cases of Leukemia (1948 to 1954).

= 1.
92(Al o 43 (19484FE~19544F)

JE Bl ks KON RISTAT & 0 U bl 2 Bl A B3 S 00 2R o |

Distance from
Exposed ; Cases of
Population @Pl!:}rigcgnt;r o Leukemia
i | g A 3 3
ki B (m) [ I 3E %
2,463 0-999 23
17,668 1000-1499 39
36,960 1500-2499 16
159,085 2500-over 14
Totals il 216,176 92
RESULTS OF OBSERVATIONS s

Rate of Occurrence

The increased occurrence of leukemia in survivors
has been documented by earlier reports.* However,
the marked difference in age distribution of sur-
vivors compared to other populations precluded a
valid statistical analysis of the frequency of leuke-
mia by the usual methods. With additional cases it

became possible recently to carry out an analysis

R oH

IR T BT 5 B O F84E D BN £ W %R
EHETHL TSI TAYY, LaxLanb, fioA
[ &R U O OF I i 2 Wi 5o T
BOT, MEOFETIEAMEERE O 24
Wil 5 S e CERo 1o, BIMEFANER E A
70T, Bt TEEMOBRREFIML, ZOA

Reprinted by permission from the New England Journal of Medicine, 253 : 88-90, 1955

#Clinical professor of medicine, Tufts University School of Medicine ; associate director, first and third
Medical Services (Tufts), and visiting physician, Boston City Hosptial; director, Clinical Laboratories,
Boston City Hospital; formerly, deputy medical director, Atomic Bomb Casualty Commission.
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utilizing Hiroshima City data and comparing this
population with itself. *** There were approximately
98,000 survivors in Hiroshima City in December,
1953, and 50 cases of leukemia had been discovered
in this population. These survivors were distributed
according to distance from the hypocenter and
were further classified in each distance zone into
severely and lightly irradiated (or nonirradiated)
groups. The relation between the degree of irradi-
ation and occurrence of leukemia was strikingly
demonstrated (Table 2).

RaThE & R8T 2T e 5 2 LATfEi
=729, 1953412 ABLED KB HiR L E R
#798,0004°T, oA R MEEINTEMFE0H AR
Ntze THDLOBMBAE SRR BOERIZIE L
TG L, & hicAEHREIzS Ok Eam
EoidtiiEROH-1-L 0 L, BEOHMBIERD
Hotobd CULEEgHRERD WL o) LizfEL
oo UM ST & Alifs R & OBFIT
BbmicilBobhi: (#2),

Table 2. Occurrence of Leukemia in Hiroshima City Survivors in Relation to
Distance from the Hypocenter and Severity of Radiation Complaints.™

' 2. ML HOEMNL XU HGHREROWMEENIC R KB i OB

MfEFEE

Cases of Leukemia

Ratio of Leukemia

> T [
Distance from | Swrvivors WREFE B i A B i b R
H)fpocenter severely lightly or not | severely lightly or not severely lightly or not
RO LD irradiated irradiated irradiated l irradiated irradiated irradiated

PERE WUi@&@ﬁ%ﬁﬁﬁ&ﬂmﬁ%ﬁﬁﬁﬂmﬁﬁﬁﬁﬁiﬂﬁ%ﬁ@&Oﬁ%ﬁﬁﬁﬁﬂummﬁ

RDOB-o b DHERDGLDRDH- 14D

FERD 7L D RO B0 1o DIERDOE D

41,900
49,650

Under 2500L4 |- 5,700
Over 2500041 850

1:172 | 1: 3,223

1:12,912

33 13
0 4 =

“ Figures rounded to nearest 50 on basis of stalistical analysis by M. Kastenbaum.*
M. Kastenbaum® iZ I 2 fiHIRHRCES O THFIZT O EF 2050 FiF 54 LT50HA & Lz,

Date of Onset

In a prior report it was stated that the peak year
for the occurrence of leukemia (calculated from
clinical onset) was 1950, and subsequently the
number of cases sharply declined.? Actually, on the
basis of the additional cases seen in 1953, the
decrease was slight in 1951 and 1952 but fell sharply
in late 1953. Of the 17 additional cases studied in
1953, 1 began in 1951, 8 in 1952, and 8 in 1953.
It seems safe to conclude that although leukemia
will continue to appear, its rate of occurrence in
survivors of atomic bombing is definitely declining
(Table 3).

Type of Leukemia

Folley et al.! pointed out that the types of
leukemia found in survivors presented an unusual
distribution. Subsequent experience has confirmed
this observation; of 92 cases 52 were acute or suba-
cute, but of 40 chronic cases, 39 were myelogenous,
and only 1 was of the chronic lymphatic variety
(Table 4). Although there is no explanation for

AR

Plaio®ET, aiESEofkEs (BRERDOSE
AR DFHA L) 12195045 C, ThUREARDE
B Lo Labh<bhic Y. EBRITX, 1953F
ISR BB 2SHE, 19514 3 L UN1952
FB VTN N TH= 7208, 1953 EINIZE
M 2R Uiz, 1953512~ 2238 N1 TEEF v
1 (AAA19514E1T, 8 (AlAS19524RIT, 8 (2519535 F
hENEER L. BmislE-tHbhaTHES S
A, BBEFEETORERIWHLMATHP LTV B E
HEHRLTHEX2WX5THD (F3),

BmEORE

Folley 4\ 3B A 7 4 TR0 Bivr: FUILK O T3
FRASGTHATELTLS S LARBLE. FOBOR
BT - OB R AR S s, Bln, 92od, 52
FratE v LESETH 2205, @40, 39
FAFEHETH> T, 1ADZRINEEY vl TH-
iz (#4), ZOBLLWSHixFEBETILRXTE
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this curious distribution it should be re-emphasized
that chronic lymphatic leukemia is a relatively rare

disease in nonexposed Japanese.?

HEMATOLOGIC FEATURES OF EARLY
LEUKEMIA IN SURVIVORS

Leukemia due to atomic irradiation is similar
clinically and pathologically to that in nonirradiated
Japanese. As previously pointed out®s* the outstand-
ing hematologic features, many months before clin-
ical evidence of leukemia developed, were usually
leukocytosis, relative lymphopenia and granulocy-
tosis. Smears of the peripheral blood showed the
presence of a small percentage of myelocytes and
metamyelocytes and a striking increase in the abso—
lute numbers of basophils.® In the early stages
anemia was usually not present, but occasional
nucleated red blood cells were seen and platelets
were frequently increased. Bone marrow studies
proved to be of little diagnostic help in the early

stages of chronic myelogenous leukemia.

BIOCHEMICAL STUDIES ON SEPARATED
LEUKOCYTES

Valentine et al.” found that in chronic myelogenous
leukemia the glycogen content and alkaline phos-
phatase activity of separated leukocytes were ex-
tremely low compared to normal leukocytes. Similar
findings were observed in cases of chronic myelo-
genous leukemia occurring in survivors. Moreover,
in the early preclinical stages, the alkaline phos-
phatase levels were consistently as low as those

found in well advanced cases of this disease. **

I, FEEIRAARATIRIBYE Y v oS i 2s i
M EFhABERTH2 2 LA Bh THRBT s LELS

= 2
@2 o

IR EFECHT MR MR M EMSE

BB SR AR - & & X > T4 U5 B,
EEERINICH LOREFEMC R ARACRET A
MR LT3, RS hi-X 50> Am
FOBHRERNELS L) LB AMCERR5h 2
FEWARMPEFFEIL, AMBRNS, Y v 5%
s LORNIENS ThHo fo, RIMPEKELRT
i, PEOFHRLETHRAROR, FEER0%
HEHGEF ML ThAY, gy TiRAmT
SEFEHES b2 oAt BT D AFEARIERA D,
R L LR L Cute, Briibedss, 1BiE
Bl s ol CIREN A T R T b ez icie

Mmafz,

B ZE S U TITIE - ok s iR

Valentine45:" (208 Vil AUl Tk, BUIRD 2
Va—rFuEHiklTAn VT A7 7 2 — iGN
2%, EEF AR E I L TRECE- - &2,
FfkcmRE A, SUREFEE e 5 B A
wETLEE SR, 0L, WmlloERERGiTL
TAAVEZ + A7 T F —EHHFITHET Loam
RIEFATRH OISO LFRICEICEL 2 12,

Table 3. Distribution of Cases of Leukemia in Survivors, by Year of Onset.

£ 3. FUREFEHICHT 5 BMAERO RRFENS A

Year of Onset RIRERE No. of Cases iE Al ¥
1947 5
1948 11
1949 6
1950 21
1951 20
1952 19
1953 8
¢3)



Table 4. Types of Leukemia in Survivors.

£ 4. EREFECEYT 5 AmREORE

Type of Leukemia il oiF 5l No. of Cases {i {f] #
Chronic myelogenous {5 M-Eqfili i 2 10 39
Chronic lymphatic i RS = it ] 1
Acute myelogenous SR A R 25
Acute lymphatic 2% v AR A 14
Acute reticulum cell  ZPESIEA0EEE & 3
Acute monocytic S8R A R 4
Acute type unknown BRI o % EUMA 6

DISCUSSION

Although it is obvious that leukemia was ex-
tremely frequent in heavily irradiated survivors it
should be emphasized that there were only 92 cases
of verified leukemia, collected with much effort,
over a period of six years among survivors of both
cities. Nevertheless, the occurrence of leukemia in
persons exposed to a single dose of ionizing irradi-
ation has been ol considerable biologic interest. It
has been reported that cases of leukemia began to
occur within a year of the atomic bombing.*
However, no documented evidence, such as blood
smears, bone-marrow preparations or autopsy ma-
terial, was available to investigators of the Atomic
Bomb Casualty Commission. Reports based on
history alone, or on a death-certificate diagnosis,
were not accepted. Therefore, although cases may
have occurred among survivors in 1946 and 1947,
the general disruption of medical facilities, lack of
adequate records and other data made scientific
studies impossible. Furthermore, hematologic sur-
veys carried out in 1947, 1948 and 1949 in Hiroshima
on approximately 1500 heavily irradiated survivors
(mostly children and young adults) did not reveal
any cases of leukemia at that time.*!* The indi-
cations are that, after the atomic irradiation, there
was a ‘‘latent period’ of several years. Also, in the
cases of chronic myelogenous leukemia a prolonged
preclinical stage, evidenced only by hematologic
and biochemical changes already described, occur-
red. Experimentally, in mice, there is a similar
“latent period’’ in irradiation-induced leukemia.!

This is also true of leukemia reported sporadically

% %

KR OHAHRB A A - R R S TR AR O
FEARDTEGC LAWATSH DA, [BE & R
THOEIRETHICTOV-T 6 #EITh 32 KOBINC
L0h b, BEHEROAMFL2A LIRS
feino - 2 LAMHTILENH D, Lo LTEHRS
FROWRM A 7272 1 EZ 1 A st 2 AiE o Bk
e O TR ST B B FIE
(AR BRI T e 1 AEPIZF84E LR SR S hTw
BY, oL, MRHEER, BiiEEs s Rl
ke ¥ OEJFEFY, ABCCOBEEANAFTS
ZLIrTERDS T, WMEOZRD, H5WITTECEN
S THE S A B X2 REROREM & L
TR 27, Lizdi=T, 1946 LTIMTEIC
B THMFEA R EESEOMTRE L~ bk
ot CoMiEERHEMaNREL L, RS LUt
D DR I & R O THEH 2
i d 2 EIXTRARETH 2 1z S HIZ1M7, 198K &
TR19494E I K1 T4 1,500 B O Ko gisas 42
Fi-siid s (RSB THEESEH) T LTE
i L iEFakE T, AmEArSRBE SR
Moo, R FIREUHROBHEZZT T b
AED W OHotZ tRRTLOTHS. ¥
Pt E R A T, BRI X 5 S IR
B X OB LD 20 L » THIL S W HTERFAET
oM EZE > Tl bhe, RNz
ARzl VTR RN AR B A R
Hn. XHHEHELEM-#ET sEDFEIZ LA
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in radiologists and physicists.

One of the important features of leukemia in the
survivors was the exact timing of the irradiation
dose. (To date there has been no convincing evi-
dence that’* fall out” was a factor in the biologic
effects noted in survivors of the atomic bombings.)
It should be emphasized that,

single dose of ionizing irradiation was required for

whereas a large

leukemogenesis in the survivors, repeated smaller

doses under other circumstances may well have a

BIREEHRCRE T 2 I O BB L D 190k
BHRBM 2T s —E L T2 2 Th 5,

(BEEET T AR EFH RS LEY

FIERO 1 BHETHS L\ 5 MR L) 7
IRETF R 2 BT T 5 1-0iziE, —E 2K
EREBSROBH AL EL | 7:28, ROKED FTh
PR HEST S C EAMHL DL ESIREVA
IMFEFEEG A o0 Lo C & TEEJH-ifi‘li
£bigvy, TOMZHLT, mﬂmLfbuhdMM

much greater leukemogenic effect. In this regard

there is no satisfactory explanation of how or why
irradiation induces leukemia. Obviously, irradiation
is only one factor, or the disease would develop
in all severely irradiated survivors. The role of
genetic, constitutional, nutritional, hormonal and
other factors is at present a matter of speculation,
but further observations on the heavily exposed
survivor population may shed more light on this
complex problem. Furthermore, it seems likely that
other expected delayed biologic effects (such as
carcinogenesis, cardiovascular renal disease and
early senescence) will occur predominantly in the
heavily irradiated survivors. Since less than 10 per
cent of the estimated 98,000 Hiroshima City survi-
this should be a
matter of some practical importance in planning of
long-range future studies on survivors.

vors were heavily irradiated,

Since the inception of the program of the Atomic
Bomb Casualty Commission analyvsis of data has
repeatedly shown a discrepancy between the biologic
effects and dose of irradiation as officially estimated
by the physicists. It has been stated that the dose
of gamma irradiation was 25 r at 2000 meters from
the hypocenter and that the neutron flux only
extended to 800 meters. ** However, biologic effects,
as evidenced by carefully obtained histories, indi-
cate that symptoms and signs of severe irradiation
sickness were present in survivors out to 2500
meters. It has also been shown that lens opacities
caused by irradiation have been noted at 1700
meters. ¥ Since irradiation cataracts were undoub-
tedly caused by neutrons the neutron flux probably
extended much farther and was more intense than
had previously been estimated. The implications
are that neutron activity may well have been

involved in leukemogenesis among |survivors of

BOHSRIBH S A M AT T 50T TR R AR
High, WBhde 2 ik, WSHRBAHENL - 1 TRz
BELGEVD Z LT, EL T IUTEIE LEED
BabRas 2 B ER SRR L 2 TH S
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IRETEE 2 S BIClBTa s ki ko T, 2ok
ML S L DI Binicie A b mhiey, THERE
flb oD FBYEAE A ORI, CMRNRAT L R
B LORINOETD) HVEIE D HOMARIASE A0 7- pldt
EFETHHCOHbLbhAC LB 52 L0 s,
IR ESTITDHESE BB Ak 17498, 00002102 LA 2 e oo e
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0y I L et b A Y S
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WA, LLEAh, ARiZHSbhEECLh
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HETHIR L FERICAE LTV D, BB RN
LK RS 1,700m TRB Shi-0TH W,
HBEAAEAPETCREET 205 O 2
THHE, IBHEEIhTOR0 X ) LPEToH
FEHHPEL L I VEETH D, TOPWEZZHZK
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atomic bombing.

The cytologic and biochemical features of the
early stages of chronic myelogenous leukemia in the
survivors have been discussed in previous commu-
nications. ** However, it is worth while to empha-
size the significance of an absolute basophilocytosis
in the peripheral blood and to point out that a
marked increase in basophils is seldom seen except
in chronic myelogenous leukemia. Moderately ele-
vated absolute basophil counts were found in cases
of polyeythemia vera with leukemoid blood pictures.
In these cases, however, the alkaline phosphatase
activity of the separated leukocytes was greatly
elevated whereas, even in the early stages of
chronic myelogenous leukemia, the white-cell alka-
line phosphatase values were extremely low. This
early alteration of leukocyte enzyme activity may
be related to the pathogenesis of the disease
although this is not established. From a practical
standpoint the determination of alkaline phosphatase
by biochemical or histochemical methods seems to
be of definite value in differential diagnosis between
myelogenous leukemia and some types of leukemoid

reactions.

SUMMARY AND CONCLUSIONS

Up to Januvary 1, 1954, 92 verified cases of
leukemia had occurred among survivors of the
atomic bombings in Hiroshima and Nagasaki.

The peak occurrence of leukemia in survivors
was probably reached in 1951, and there was a
marked decline in cases during 1953.

By analysis of data on Hiroshima City survivors,
the highly leukemogenic effect of atomic radiation
is demonstrated.

These data indicate that in man the leukemogenic
dose of a single exposure to atomic radiation is high.

Biologic evidence in survivors points to a much
more intense and extensive neutron flux than esti-
mated physically. Neutrons as well as gamma
irradiation were probably involved in the leukemo—
genesis.

Cytologic features in the preclinical stage of
chronic myelogenous leukemia included the early
appearance of a small percentage of myelocytes and
metamyelocytes and a very significant basophilocy-

tosis. Separated leukocytes showed extremely low
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alkaline phosphatase activity, even in the earliest

stages of the disease.
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