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IN THE EPIDEMIOLOGY OF LEUKEMIA,
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INTRODUCTION

It is well known that exposure to ionizing radi-
ation from the atomic bomb has induced leukemia
and that there is a markedly higher incidence
of leukemia among the heavily exposed survivors
of Hiroshima and Nagasaki as compared with
those who had received little or no radiation.':?
Court Brown and Dell have reported a significantly
high leukemia incidence among patients who
received X-ray therapy for ankylosing spondylitis.®+*
It is clear that radiation can induce leukemia
in man, On the other hand, animal experiments
nave shown that various chemical agents and
viruses besides radiation can cause leukemia.®

The Leukemias Registry has been in operation
at ABCC since 1950 for the purpose of a long
range study of the effects of A-bomb exposure
on leukemogenesis.® In this program, all possible
cases of leukemia are searched for from a wide
range of sources including death certificates,
records of leukemia patients at local hospitals,
ABCC medical records, autopsy protocols, Tumor
Registry, etc. Medical information on each patient
is reviewed by the ABCC hematologists to confirm
the diagnosis, and after the certainty of diagnosis
has been determined, the patient i5 included in
the registry. In particular, screening of death
certificates and confirmation of diagnosis have
been made for almost all leukemia deaths within
the cities of Hiroshima and Nagasaki since 1948,

The present study, based upon the ABCC Leukemia
Registry, was designed in the hope of obtaining
leads to the elucidation of what, if any, environ-
mental factors other than A-bomb exposure have
significantly contributed to the development of
leukemia in Hiroshima and Nagasaki since 1945,
and how such factors in combination with A-bomb
exposure have affected the development of leukemia.

|

i

B BGOSR RE 2O MBEEREL, W
MRAME T, Mt EAYE A EZ -2 B I1 Y
Moo BT L TEL (WS, FIREC L5 @miots
AAMMBEFRYS S 2L {monr-YdETshHs, 1.2
Court Brown & Doll &, SGEfEFHES 000 X Bk
R LEOAMBEREREFERI I GOIEAESEL
Po et BRGHERAT AR O PR A iR A L s
THDSH, MUy, EPESTIERHE SN e Dol
ML { VA EAAMBOGFEE S S LA s

TG

ABCC 13, 1950f:10%, WEMEMEREA O m o is R
EFTHEEI2OTEMICh - THHET 26, (I
BRRRENEMREhTEA S FoORHCIE, FLBN
P, TAOFRNETOOMELED S, ABCC T0 8%
ek, AIMATS, MISEHMNESO SHOEE 25 (il
WOEEVWOH ZBENDEZMEEmML, ABCC o Mg
MEAD, thThoficount, BEEEd Bl ol
s flEdd L= 9 2, GENFOREIErES) S8 L T s &
BEL TV, $ICEE - S o D MsESm e
DVTIE, MMSELRITIFE R CC B EL 2 7 1) —
=L, BMAEMAELTE .

Z M ABCC A MUAREEEM A& M, 15 - BuEflin T
19456 [ %890 L 2 O iR F oo 0T, BRI L)L)
CELELTPESBBEFPUMEOEEICMS L T
BEAEMEL, bLAASAODAFAIMNEL TS X
TAUE, TOMEFEERERE A0 LS MO R
FIMELRIEL TS0 TOEHNAN 2B L
EVIAFEE VAT, ZOHEENFEmENRS,



METHOD AND MATERIAL

From the patients included in the ABCC Leukemia
Registry as of December 1968, those who satisfy
the following conditions were selected and
designated as index cases.

Patients diagnosed by the hematologist to be
leukemia and whose certainty of diagnosis
is “definite” or “probable.”

Resident at time of onset in either Hiroshima
or Nagasaki City,

Onset of disease between 1945 and 31
December 1967. For each index case, a
matched comparison subject (control) was
selected from either of the following two
fixed samples at ABCC. Controls for patients
born prior to August 1945 were drawn from
the Master Sample," while controls for patients
born later were selected from the sample for
the JNIH-ABCC Mortality Study of Offspring
of A-bomb Survivors®  The controls were
matched with the patients on the following
five characteristics: «city, sex, date of birth
+ 30 months, exposure distance (less than
1400 m, 1400-1999 m, 2000-9999 m, not in
city ATB, born after bomb), and alive and
resident in either Hiroshima or Nagasaki City
at time of onset of disease in patient.

If no one satisfying the above conditions could
be found in either fixed sample, no control was
selected. The sample for the Mortality Study
of Offspring of A-bomb Survivors consists of
children born between May 1946 and December
1958 so that no controls were available for the
15 cases of leukemia born after January 1959
and with onset before the end of December 1967.

Preliminary pilot studies were done on a number
of occasions to determine the information to be
sought, method of selection of controls, and
the types of possible interview survey before
launching upon any large scale investigation, In
order to overcome the difficulties of a retrospective
study that must go back 10 or 20 years, it
was decided to seek only such simple information
in which the chance of bias due to the memory
of the informant or type of informant would
be small. The information to be obtained included
questions on the frequency of cancer among
sibship of the leukemia patient as well as on
possible clustering of leukemia in time and space
both of which are also subjects of separate studies.
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Furthermore, inasmuch as most leukemia patients
were dead at the time of the interview, whereas
the controls were alive, different approaches were
required in their interview to obtain a history on
environment of residence at about the time of
onset of the disease in the patient. Therefore, the
data collection had the fundamental defect that
the interviewer was able to distinguish the index
case from the control while obtaining information,
However, because only simple information was
sought, it is felt that there is little bias in the data
due to the memory of the informant for the
index patient and controls.

Information was obtained using the same question-
naire for both patients and controls from interview
of the subject or a closely related person whose
address was ascertained from available records.
The choice of informant in order of preference
was the subject, parent, brother or sister, child,
a relative who had been living with the subject,
and others,

Information collected on all subjects included
environment of residence at time of onset of
disease, history of contact with animals, death
due to cancer among parents, siblings or children,
and consanguinity of parents. Occupational history
of ever having worked as a production process
worker or a medical worker was obtained for
all leukemia patients with onset at age 15 or
over and their controls, For children with onset
of leukemia at less than 15 years of age and
their controls, information was obtained on birth
order, mother’s age at time of birth, any abnor-
mality of mother or subject during pregnancy
or at child birth, and history of medical X-ray
exposure during pregnancy.

Because of the small number of cases, Hiroshima
and Nagasaki were combined in the comparison
of the index cases and controls. When any
factor was found which appeared to be associated
with the development of leukemia, the data were
examined separately by city to determine whether
the same tendency could be seen in each city.
Any such factors were also examined for clues
to a possible association between radiation exposure
and other factors in leukemia among those who
received a significant radiation dose due to the
A-bomb as compared with those who did not.
The relative risk was compared for the index
and conftrol cases by each factor using the method
of matched sample study described by Mantel
and Haenszel.’
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INTERVIEW RATE

A total of 492 patients with onset of leukemia
in either Hiroshima or Nagasaki by 31 December
1967 had been classified as diagnosis definite
or probable. During the period September 1966
-March 1969, interview was completed for 413
matched pairs of leukemia patients and controls
(84%).

Table 1 shows the completeness of interview for
these matched pairs of patients and controls by
year of onset of leukemia. The completion rate
is lower for those with onset before 1955 and
after 1961 as compared to patients with onsetl
in 1956-60. The reason is that among patients
with onset before 1956, the informant for some
had moved out of the city which prevented
investigation of the index case. Among patients
with onset after 1961, appropriate controls could
not be obtained from the fixed sample for 15
children who had developed leukemia recently and
case detection for the Leukemia Registry had
been delayed in approximately 10 cases so that
case-control studies were still incomplete by the
spring of 1969.
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TABLE 1 SCORE TFOR INTERVIEW SURVEY ON 492 LEUKEMIA PATIENTS,
HIROSHIMA & NAGASAKI CITIES, 1945-67

#1 IBS - BEHATREEL AQNFEE 492 B9 2 mBMERG, 1945—67F
Year of Interview [@mi% Gt
Onset Completed®  Failed** Total ey
R T TR itt
1945-55 126 23 149 B4.6%
1956-60 123 8 131 93.9
1961-67 164 48 212 774
Total 3 413 79 492 83.9

2[2]= 16485 p<o0.001

* Interview completed for both index cdse and control.
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** Interview .":z_i!'ec! either index c ase or control and eligible control not selected from ABCC
fixed sample (Master Sample and Fy Mortality Sample).
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Table 2 compares the frequency of each type
of informant for- the index case and control
in the 413 matched pairs for whom interview
was completed. The type of informant was the
same for both in only 156 pairs (38%). There

ABCCO@E > ThIEF@Ed L
ZEFTREELaRLO,

FovlE, MEEETLAABMIZoVT, AMHEE L
WHHE L DFEHE EE QA O HE & it 5. WER
HEDMIEAMIET—S L0 156 31 ( £(RD38%) 12
TELEG, TaEDbE, REEHEEOWMBAMEBTEL <



TABLE 2

KIND OF INFORMANT BETWEEN INDEX CASE AND CONTROL

2 BIAEME IR OB O
Control Case Index Case £ Proportion
i 1 2 3 4 5 6 Total 3  #&
1 Subject S 6 21 67 20 14 31 159 38.50
2 Parent COR 3 2 101 9 6 0 12 130 31.48
3 Spouse LR 1 6 42 5 5 63 15.25
4 Siblings 7 Ra 0 18 0 0 5 25 6.05
5 Children T ok 0 0 7 1 1 12 291
6 Others Z O 0 9 3 5 1 6 24 5.81
Total it 9 155 130 37 21 61 413 100.0
Proportion 1 & 218 37.53  31.48 8.96 508 1477  100.0
Concordance rate = 156/413 % 100 = 37,8
- g
was a large difference in the type of informant ReE-oTHWa. WHEHFLEIEHERETH - 20,
for each, The main reason for this dif‘ference is BILHHATHFR 2%+ 508, GRTIE39%4 &
that the subject personally had been the informant o o o o -
in 39% of the controls, but in only 2% of the DTNSSENEDBLRABTH - ZNIBEIREF
index cases. This is because almost all of the CAMmMFBEREFIZEAYEBIECL T AN, HIBGE
leukemia patients were dead at the time of the EAEERERLTOAHGTHS. TEAEISHAD

interview, while almost all of the controls were
alive.  Although such obvious biases were to be
expected in this interview survey, it would be
impractical to exclude the actual subjects from
the interview so that no particular restriction
was set. No attempt was made to designate the
same type of informant to be interviewed for
both the index case and the control since such
a method did not appear to be practical,

RESULTS

The responses to the various questions were
compared for the 413 matched pairs of index
cases and controls who had been interviewed.

Environment of residence at the time of onset
and history of contact with animals. The
environment of residence at the time of onset
was investigated by obtaining information on four
items, namely, occupation of head of household,
number of tatami mats per person, and type of
toilet and drinking water. In the history of
contact with animals and whether any animals
had been kept, information was sought on whether
the subject had ever been bitten by a dog, the
kind of animal kept during the 5 years prior to
onset, and on whether house rats were many
or not,
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Table 3 compares the index cases and controls
by occupation of the head of household grossly
classified into five major categories, number of
tatami mats per persons, and type of drinking
water and toilet. Table 4 shows the comparison
of history of ever having been bitten by a dog
and whether any animal had been kept. None
of these was found to be a factor statistically
related to the risk of leukemia, except the
variance in the number of mats per person which
was statistically significantly larger in families with
leukemia as compared with the controls, When
examined by city, this frend was found in
Hiroshima only.

Consanguinity of parents. Index cases and
controls are compared for consanguinity of parents
in Table 5. Among 31 subjects reporting parents
to be related, the degree of relationship  was
unknown in 15 which indicates the difficulty
in determining the association to consanguinity
from information obtained from interview alone,
but it cannot be said from the present study
thal consanguinity increases the risk of leukemia.
The frequency of consanguinity was about 4%
in both the index cases and controls which is
much the same as that reported in Hiroshima
and Nagasaki residents.'®*'"" However, the relatiye
risk was slightly increased to 2.0 for first cousin
marriages, bul the number of cases was small
and there, of course, was no statistically significant
difference.

Age of mother, birth order, and abnormality
during pregnancy or childbirth. The 106 matched
pairs of children with onset of leukemia at less
than 15 wyears of age and their controls are
compared with respect to mother’s age at time
of birth of subject and birth order in Table 6.
In the comparison of mother’s age shown in
Table 6A, there were only a few cases in the
40 years or over group in whom the risk of
leukemia had been expected to be particularly
high, and no statistically significant relation could
be found between mother’s age and the risk
of leukemia. It was noted, however, that the
relative risk was 0.7 in the youngest group under
25, L1 in the 25-39 age group, and 2.0 in
those over 40 which suggests that there is a
tendency for the relative risk of leukemia to
increase with the age of the mother.

The relation between birth order and the develop-
ment of leukemia is shown in Table 6B. The
birth order was not associated with the develop-
ment of leukemia and there was no particular
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TABLE 3 COMPARISON OF SOCIOECONOMIC STATUS & RESIDENCE AT ONSET

"3 BEYBOLSE  BENRES X CEBOLY

A Occupation of Househnld Head (403 pairs)* (ka2 o5 o q08 ) *

Cantrol Index Case’ AR Relative

Occupation Cuse Risk X test

L o w W mememt e

1. Professional, technical managers & officials Yes # 12 64 1.0 P >0.05
WP, PEifERY, W ELA R EE No = 61 266 (61/64) ’

2. Clerical & related Yes 2 54 0.8 P >0.05
WS AR R A No 43 304 (43/54) )

3. Sales, transportation, communication & service Yes 16 70 1.3 P >0.05
PR, M, R LU ARREEE No 91 226 (91770 ’

4. Production process, & laborers Yes 22 83

s 0.9 ;

CELRERA G L FMHRH No 95 223 (75/83) F 2008

5. Agriculture, fishing, mining, & quarrying Yes 3 20 1.2 P >0.05
BE, mR, AL RERERTA No 22 357 (23/20) ’

*10 pairs were excluded, because occupation of household head was not recorded for one of each pair.
~HO R EOBREDREFE o, 0SB L -,

B Average Number of Tatami Mats per Person o b 1 %540 o R0 %

Item [ndex Case Control Case
MH EE ] v
Subjects # R & 413 413
Average mats per person % 0 4 0 ¢ ERA 4.35 4.25
Variance for mats per person tt & v %7 4 0 4% 8 0 4 fie 5.347 2.715
T test for mean iz 4+ 5 THE P >0.05
F test for variance 7rfiiz s+ 5 F #i P <0.01

C Kind of Drinking Water and Toilet #® 4 & & 08 (7 o fil 18

Tk Control Index Case MMM Relative w2 test
A Case Yes No Riske B
of i f5 1 HE o SEa b
1. City Water Yes # 339 35 0.9 P >0.05
it No & 31 8 (31/35)
2. Well water Yes 6 29 1.1 P >0.05
#= No 32 346 (32/29)
3. Flush toilet* Yes 3 22 0.7 P >0.05
4 i A No 15 372 (15/22)

¥One pair was rejected because of unknoun informalion.
VHTMO LD &L .
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TABLE 4 COMPARISON OF FREQUENCY OF CONTACT WITH ANIMALS
A4 Wb o BERREE R o ek

A History of Dog Bite* {zizsghrcritbasshsddsn

Control ~_Index Case AM#EM  Relative

: 2 test
Case Yes No Risk X fi
EoR n " 2 19 B4 B '
Dog bite Yes # 2 12 L5 P >0.05
{REHhEOEZEYN Nog B 18 372 (18/12) ’
“9 pairs were rejected because of unknown information
R TR 28 9HL & IRk L o,
B Keeping Animal at Home % ET 0¥ o ETF
Asitiiial C%ntrol Index Case H IfL# Rei‘{?.t]i:'e x.z test
0> {5 ase Yes % No 18 ﬂ:
L B3 {8 4 4y 3 4 W
Any animal* Yes i 81 106 0.9 P >0.05
v b A No = 96 127 (96/106)
Dog* Yes 30 82 1.0 P >0.05
{2 No 80 218 (80/82)
Cat** Yes 20 77 0.8 P >0.05
# o No 63 251 63/77)
Rabbit** Yes 0 0 e _
A No & 406 (5/0)
Aviculture** Yes 3 14 1.4 P>0.05
I 45 No 19 375 (19/14)
Chicken** Yes 1 16 1.4 P >0.05
=75 No 22 372 (22/16)
*3 pairs were rejected because of unknoun information.
HETHO A 3MERNL -,
“%2 pairs were rejected bec ause of unknown information.
GHTEOLZs 2MEmtL s,
C House Rats at Home® ¥EAG{ T4
Control Index Case HIL#EM  Rejative Y2 test
Case Many Few or none Risk i
i £ g o FEAEY I I
Rats  Many %u 16 71 0.9 P > 0.05
%43 Few or none 62 259 (62!‘71)

v gy

*5 pairs were refected because of unknown information.
WHTHOAG SH L& BL -,



TABLE 5 INTERMARRIAGE OF PARENTS
#F5 O MR R

Index Case Cm#Ef

Control Case
BL 1 2 3 4 5 6
Yes 1 1st cousin vk 0 0 1 0 0 4
W2 Ist cousins once removed iz 0 0 0 0 0 0
3  2nd cousins # /b 0 0 0 0 0 2
4 Other than above £ @it 0 0 0 0 0 1]
5 Relation unknown & %70 0 0 0 0 0 10
I\Iimn 6 8 0 2 0 5 355

26 pairs were rejected because of unknoun information., TFE WO 7 ¥ 2B E PRI L .

Relative Risk ,\’2 test
HH & 9845 He i 7
Intermarriage as a whole; 0.9 (15/16) P> 0.05
1L 55 £ 5 & {4
15t cousin : 2.0( 8/ 4) P> 0.05
LR St

TABLE 6 COMPARISON OF HISTORY OF CHILDBEARING
(106 PAIRS: AGE AT ONSET WAS UNDER 15 FOR BOTH INDEX CASES & CONTROL CASES)

#£6 MEEOLE
(106 ff: (MAEF, HERIE & B (2 SR G A 1558 R )

A Mother’s Age at Birth (HEfiz &1 5 8RO R

Control Case Index Case i #ifil
M <20 2024 2529 3039 40+  Total #
<20 years 0 0 3 1 0 4
20-24 1 9 9 9 0 28
25-29 1 5 15 10 1 32
30-39 1} 9 9 16 5 39
40 + 0 1 0 2 0 3
Total 2 24 36 38 6 106
Mother's Age Relative Risk Y2 test
BREL O EM FE o i B L BE
<25 0.7 (16/22) P> .05
25—39 1.1 (24/21) P> 0,05
40 + 2.0( 6/ 3) P> 0.05



B Birth Order (HEimir

Control Case Index Case I #5 Total
= 1 2 3 4 5 6 7 8 it
1st 14 3 8 1 2 1 0 0 34
2nd 8 8 4 3 0 1 1 0 25
3rd 7 4 1 1 2 2 0 0 17
4th 3 3 3 1 1 0 1 1 13
Sth 1 1 0 3 2 2 0 0 9
6th 1 1 1 0 1 0 0 1 5
Tth 1 0 1 0 0 0 0 0 2
8th 0 0 0 0 1 0 0 0 1
Total &t 35 25 18 9 9 6 2 2 106

Birth Order Relative Risk XZ test

M4 O R Y A Fe
Ist  #H1F 1.1(21/20) P> 0,05
2nd W 2T 1,0 (17/17) P> 0.05
3rd  HaT 1.1 (17/16) P>0.05
4th  maF 0.7 ( 8/12) P> 0.05
Sth+ WS THEUPERLTF 1.2 (12/10) P> 0.05

tendency for the risk of leukemia to be high
in the first child. Mothers reported some abnor-
mality during pregnancy or at birth of the subject
for 11 of the 106 index cases but in only
2 of the 106 controls. In the leukemia group,
nine reporfed severe “morning sickness” or other
complications during pregnancy, but since it is
possible that the mother of index cases remembered
more such abnormalities during pregnancy as
compared with the controls, it cannot be concluded
that abnormalities during pregnancy increase the
risk of leukemia. Information on exposure to
medical X-ray was sought, but the number of
cases was small and no relation was found,

Occupational exposure to benzene or medical X-ray.
The risk of leukemia is said to be high among
workers who handle benzene or are exposed to
medical X-ray. Therefore, the following 15
occupations™ ™™ in which organic solvents and
chemicals or X-rays are frequently handled were
selected for a comparison of the index cases
and controls: CO_ gas furnace worker; welder,
plater, tinsmith, or sheet metal worker; battery
manufacturing worker; cabinet maker, furniture
making, and finishing worker; worker engaged in
printing, repairing or cleaning printing machines;
platemaker, lithographer; rubber products worker;
leather products worker; glass craftsman or pottery

10

DFEIZOVTEE S AF LS, AlmRT,
FLUNECREF SO G 106 %2 250

106 #

HURBOBS I EABEHIRA,. AMBHOEBE, 9%
CIERPEED [2h D | 3200 EHENE /-
Al AR R ORER A, HEOBSCREL T,
FIRBEFERORBEEFLEBLTAEELELILNS
DT, FEERPOBREHEAMS risk &5 L EERLY
P, HRUREA O EREF X SBHOE R IZouT ORE L
AF L, BB La, MHEBRn onah -7k,

I

NeEEREERAXETIYIE - ARERE. <~ ¥
YREREAX OIS T, BN risk Au Ltk
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painter; painter; chemical worker; refreshing drink
manufacturing worker; barber, beautician, or
dry-cleaner; radiologist or X-ray technician; and
doctor including laboratory technician.

In the study of these occupations, adults with
onset of leukemia at age 15 years or over and
their controls were compared.

The risk of leukemia is shown in Table 7 by
history of any of these occupations, and by
duration of such work subdivided into 5 or more
years, less than 5 vyears, and never. The risk
of leukemia was found to be 2.5 times higher
among those with a history of any of these
15 occupations in comparison with those without,
and the risk tended to increase with longer
duration of occupation. In Table 7 the risk
is compared by Hiroshima and Nagasaki, and
the frequency of these 15 occupations in the
index cases and confirols is shown. The relative
risk in each city is about the same (2.6-2.7)
and is statistically suggestive. The frequency of
each individual occupation is very low. However,
the frequency of the following six occupations
was found to be higher in the index cases:
welder, plater, tinsmith, or sheet metal worker;
cabinet maker, furniture making, and finishing
worker; rubber products worker; glass craftsman
or pottery painter; barber, beautician, or dry-cleaner;
radiologist or X-ray technician.

The kind of chemical agents handled by the
individuals engaged in these occupations were not
investigated in the present study. These, however,
are occupations in which organic solvents are
generally used or in which X-rays are quite
frequently handled. Thus, this suggests that these
occupations and in particular the occupational
use of benzene or X-ray for a long duration
increase the risk of leukemia. The risk of leukemia
is compared in Table 7 by whether there is a
history of any of the 15 selected occupations
and chronicity of leukemia. The relative risk
is 2.9 for acute leukemia, 1.8 for chronic leukemia,
and it seems that the risk is higher for acute
leukemia among individuals with a history of
occupational use of henzene.

If the apparent high risk of leukemia for workers
in the 15 listed occupations is examined in
relation to year of onset of leukemia, no relation-
ship is evident: For cases with onset between
1945-57 the relative risk was 2.6 (13/5) and for
the vears 1958-67, the risk was 2.4 (17/7).
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B (L3I Wt mlg T, S, 5,
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FTTI, Zh6150MEREDHm®C,
ZSFELLEOR, SHEKMOFELSTCREROL W E
REGLT, TNFNAMFA risk LA, 15008
DWThPIIHEBLAEAZ DO EEE, EHLE» -
feFICHE L, 2.51mrisk 27 L, Bl Emms
BV Erisk Al AT SEmABO 5. #FT7 10,
RBH, Bz HITZDrisk & K@k L~ Fill
IZ# 1) % relative risk [$ 2.6 — 2.7 TIRESEL ¢, Wil
ELHEFMEEETET S ERISRO 5N #£T7 (2L,
SR & B L 2Bt 5 2 h 5 IS MOMESRL 2.
Bl & DELSNE, BEEXEHOTEL. LAL, F
EOGHEOREL, AnFHAOEICcEwTHELIY G
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HEIRTAbAA S LAL, ZTNEORETIE, —i
LEEOFRIES, 03, X8R IE LEn & e
OFVEOTHS., LT, 2N60BE, Hio~
YEYPXBETRE LRI TR IEBE, B
Mprisk ABmESZLARMETaLneEL LN,
T, THoIEOMERED GRS 21, BEoR:,
HI risk &g L A, @RS TR, relative risk
(22.9, BEAQMBETILL.ETEN, v FliEl
WO/ FTIR, BHEELBEO risk X¥HLI T2,

T EHFAZIGHEOMERSEE 24503 A0
risk DM KRE AMBO BH/EER BT L L5, 2
NEFELEOMEEED NS~ Thhb, 19450
5 1957 O M5 L 2 T2, relative risk (£ 2.6
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TABLE 7 COMPARISON OF OCCUPATIONAL HISTORY RELATED TO POTENTIAL
OCCUPATIONAL EXPOSURE TO BENZENE & MEDICAL X-RAY

w7 NV rRAUEFRAXSENOBOOBERED B

A Frequency of Occupational History for 15 Selected Occupations

1518 o) 3% 750 5 %€ 00 T 3 78 5 v
Control Index Case FIMAH  Ralative 2
Case Risk X7 test
Yes No e
of 1 H £ FRoR:eR 2 8
Yes 2 12 o X2 [1]=6.881
No 30 259 (30/12) P <0.01

B Duration of Occupational History for 15 Selected Occupations *
L1 ) i Bk 5% 00 B 4R 00

Control Duration Index Case M i fil
Case (year) Yes # No =
togiid A () 5+ <5 0
Yes # 5F 1 1 8
<5 0 0 4
No = 0 24 6 258

*1 pair was rejected because of unknoun information jor duration.
MR 2w TORBTMO LD -HERIL L.
Relative Risk 1A% 5551k
5 vears or more 3.0 (24/8)
5 1l k
v2[1]=7.031, P<o.01

linder 5 years [.5 [6/4)
5 A
P <0.05

C Frequency of Occupational History for 15 Selected Occupations by City
IS HR ) V3 o B 9 0 B0 7T 300 9 IR o

City Control Index Case 151149/ Relative

2
< : test
th 2R Yes No Risk o
1 w BRI
Hiroshima Yes 1 2 7 44 x?[1]=3.375
=8 No % 17 146 0.10 >P>0.05
Nagasaki Yes B 0 5 5.4 X2r1)=2122
&M No = 13 113 0.10>P>>0.05
—_—

12



D Frequency of History for Each of 15 Occupations between Index Cases and Controls (303 pairs)
Bl B4R & B & oo & i R RR o TR ( 303 M)

Occupation A B Difference (%)
R Leukemia (303) Control (303) = A-B
14 1fn 577 44 Fog
1. CO, gas fumnace worker 4 5 _
COp# 2 PR R (1.3) 4.7
2. Welder, plater, tinsmith or sheet metal worker 6 0 20
ERmEHE, Aox, TUER, BET (2.0) (0.0) =
3. Battery manufacturing worker 0 0 0.0
il B T (0.0) (0.0) ’
4. Cabinet maker, furniture making & finishing 7 3 13
AW, TRME (HLT (2.3) (1.0) )
5. Printing, repairing or cleaning printing machines 1 1 0.0
FRIL, EDRIMIEE - P T (0.3) (0.3) ’
6. Plate maker, lithographer 0 0 0.0
MR T, BRT (0.0) 0.0 .
7. Rubber products worker 2 0 0.7
TLYR T (0.7) (0.0) '
8. Leather products worker 1 1 0.0
N T (0.3) (0.3) '
9. Glass craftsman or pottery painter 2 0 0.7
TENFAT, BREHT (0.7) (0.0) ’
10. Painter 0 0 0.0
#ET (0.0) (0.0)
11. Chemical worker 1 1 0.0
fL¥T (0.3) (0.3)
12, Refreshing drink manufacturing worker 1 2 B
iV B ok B T (0.3) 0.7)
13. Barber, beautician, or dry cleaning 6 2 13
M, BEE, FI{rU-=2 7R (2.0) (0.7) ’
14. Radiologist or X-ray technician 2 0 0.7
X # U IT0E & 2 0k X # g O (0.7 (0.0) ’
15. Doctor including laboratory technician 0 0 0.0
FEMCEER SRR LS (0.0) (0.0)

Parentheses show percentdge. & ZNILEH 78 &5+,

E Frequency of Occupational History for 15 Selected Occupations by Chronicity of Leukemia
P55 o S - MRPER I A 2 ISR O B R I R I o 800

Control  Index Case BMH#  pelative

Chronicity i
R Case Yes No Risk * J'E:;t
1 o i 4 i B &
Acute Yes # 1 8 59 23/8) X2 [1]=6.323
i No i 23 203 0.05 >P>0.01
Chropic Yes % 4 1874 P>0.05
1814 No = 6
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Because the data might be affected by the fact
that, on the whole, the kind of informant was
different between the leukemia cases and the
controls, the pairs were subclassified into those
in which the kinds of informant were the same,
and those in which they were different. The
relative risk was 11.0 (11/1) for the pairs that
had similar informants, but only 1.7 (19/11) for
the pairs where they were different. Clearly, the
effect of differences in kind of informant, markedly
reduced the apparent relative risk.

Effect of A-bomb exposure and history of
occupational exposure to benzene or medical
X-ray upon the development of leukemia. Many
cases of leukemia which, presumably, had been
induced by A-bomb exposure are included among
the subjects of the present study, and an investi-
gation was done to determine what factors besides
the effect of the A-bomb had contributed to
the development of leukemia. Fortunately, no
factor other than history of occupational exposure
to benzene or medical X-ray was found to be
associated with the risk of leukemia. Therefore,
the two factors of A-bomb radiation and a history
of any of the above-mentioned selected occupations
were examined to see in what way they had
affected the risk of leukemia.

Recent estimates of the radiation dose received
by A-bomb survivors'® indicate that a comparatively
high dose of about 100 rad or more had been
received within 1200 m in Hiroshima and within
1500 m in Nagasaki. The dose was lower in
the range of 99-1 rad at 1200-1999 m in Hiroshima
and at 1500-2499 m in Nagasaki, and almost
negligible beyond 2000 m in Hiroshima and at
over 2500 m in Nagasaki, Exposure to a high
dose of 100 rad or more has been found to
result in a marked increase in the risk of leukemia
in both Hiroshima and Nagasaki, while exposure
to a lower dose of less than 100 rad has resulted
in the increase of the risk of leukemia, particularly
chronic leukemia, among survivors in Hireshima
oniy.2

Therefore, based upon the T65 dose estimates,'®
the cases were classified info the three groups
described below and the relative risk of leukemia
in these three exposure groups was compared
by whether there is a history of any of the
selected occupations in Table 8 A. The heavily
exposed group in which the dose is estimated
to have been 100 rad or more had a relative
risk of 1.5, whereas the so-called lightly exposed
group consisting of outer proximal exposed indi-
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risk ICME L TWELDE3EVEE LDk, Lt
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THRI200m MO, F /AL TIE1500m Rl F41
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viduals had a risk of 4.0, and the more distant
group had a relative risk of 2.4. Of course,
among the proximal exposed persons, a history
of any of the selected occupations was noted
in only eight of the leukemia patients and four
of the controls. These 12 cases are shown by
T65 dose, disease type, occupation, etc. in
Table 8B. Examination of the relative risk by
grossly classifying the exposure dose into the
high and low dose groups revealed a risk of
1.0 in the high dose group with no change in
risk by whether there is a history of any of
the selected occupations. The relative risk in
the low dose group, however, was 5.0 which
is approximately twice as high as the risk of
2.4 in the distal exposed and nonexposed groups,
but the number of cases is small.

REHOIEREHRE TG40, SN CL24T
Bolk., bhHA, WHERRE CHERERO S 5 -~
Hif, OMEEETEE, #MTL LT E x> 2
FTE BT, Col124 % Te5D f5ft,
WO LA, PR & BT - G 8RRE  Am L
relative risk & &2k, WML 1.0 T, ol kg

OFEHNIZAETE

relative risk 122851
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ity 4

ML, EIREEHTO relative risk (2 5.0 7,
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TABLE 8 RELATIONSHIP BETWEEN EXPOSURE TO 15 SELECTED OCCUPATION S
& EXPOSURE STATUS DUE TO ATOMIC BOMB EXPLOSIONS

8 ISFEH o B AR G R & AR AR - oo 1 45

A Frequency of Occupational History for 15 Selected Occupations by Three Groups of Exposure Status

=N R 2 8 S 15 ok AR 3R o BT

Relative

Exposure Status Control ~ Index Case [uL75fA
(T65 Dose) Case Yog No Risk
PR IR GE  THSARNE) Lod: i = RO R4 bE
(1) Inner proximni exposed Yes i 0 2 1.5 (3/2)
1h) 31T 6P 14 1 1A No = 3 47
(100 rad or more) (100 rad 1) k)
(2) Ou_tef pr:aximal exposed Yes f 1 1 4.0 4/
o S 415 P i 4R B No & 4 36
(1-99 rad)
(3) Distal exposed e igne Yes # 1 9
Not in city ATB E#Himizvgsang 2.4 (22/9)
Born after ATB Mt hsten  No & 2 176 x2 174645,
(Negligible or none)
(BHRLTLEOD, S 0.05>P>0.01
One pair in index case developing leukemia before the homb are excluded.
TR ICH MR L ARV L A
Exposure Classification  HAR[Y 5
Hiroshima 150 Nagasaki  [%
e < 1200 m <1500 m
(2) cevivsrasnnneses 12001999 m 15002499 m
(3 wriivivnvany 200G 2500+ m
Nonexposed Nonexposed
ELE 3 24 R
——



B List of Cases belonging to Proximal Exposed Cases with History of 15 Selected Occupations

ISHMOBEREEL CoFSERERE 50 3 mmE

Index Case FifLfE(H

Control Yes* fi No** &
£ Age at T65 Dose N T65 Dose
o - ~ H ¢ R
B MF No. Onset Type o Occupation+ MF No.  Type Rad Occupation +
LT RE i ) & i T % Lgal s B
Yes* 32 CGL 31 2 Control ## 361 1
f*' —~  Control Unk 1 Control % 226 1&11
HiR feeita L Control #8432 4
No*#* 31 AL 573 14
" 51 AL 212 13
51 CGL 44 11
70 AL 38 2
23 AL 19 -
64 AL 17 -
50 AL 6 2
T65 Dose (rad) Relative Risk
it i M L
High dose region: 100 rad & more @ites ... 1.0{2/2)
Low dose region; 1=99 rad EHEEE.......000. 5.0 (5/1)

+ See occupation in Table 7 HEURTOoBRELTT.

T ""Yes' for bistory of 15 selected occupaitons [H 1150 e EREO & 5 &

v ""No'" for bistory of 15 selected occupations [H |11 15O B EEEFRD 20 H

*** AL-Acute Leukemia BYEMMST, CGL-Chronic Granulocytic Leukemia {454 % @ 5

C Frequency for History of 6 Selected Occupations® 6 i o) 5 i B 52 6 o i

¢ Case BTN 1poposs
_Index Case BOMA  Rejative

Exposure Control AR e
Status Cuse Yes No Risk & ifb:{
R0 £ 1 i ™ 1B A I 37 S
Proximal exposed T Yes # 0 1 6.0 (6/1) P 005
I 3 M 10 No & 6 87
2
Distal & other § Yes # 0 4 N =7.682
REBRBRES L 1 e Gl e -
O '
- i =1 42 —.
:‘FJLII Yes ¥ 0 5 4.8 (24,!‘5) X Lr]--? 11.172
it No & 24 273 P <001

*Welder, plater, tinsmith or sheet metal worker HREHE, A%, 7X@, WET
Cabinet making, furniture making, & finishing MWW, T HM S 4+ LT
Rubber products worker =AW S8 % T
Glass craftsman or pottery painter T2 5 2T, WA T
Barber, beautician, or dry cleaning MALE, fi, Fo3450—=v 7
HME 13X iz

Radiologist or X-ray technician Xi
T Exposed<2000 m in Hiroshima &< 2500 m in Nagasaki.

R T 2000m A=, FeosTI22500 m Al T # R

{Exposed 20004 m in Hiroshima & 2500 + m in Nagasaki, & noi in city or born after A-bomh,

IE&TIR200m LIdE, BT EB0mHTHELAE, EBREBRARCVWLES AP HEBREEE LA,



The six occupations noted at a higher frequency
among the index cases than in the controls in
Table 7 were selected for an examination in more
detail of the relation of occupational exposure
to benzene and medical X-rays with A-bomb
exposure. The effect of these two factors, history
of any of these occupations and A-bomb exposure,
on the risk of leukemia was examined in Table 8C.
In general, the risk was approximately 5 times
higher among those with a history of any of
these six occupations in comparison with those
without. The relative risk in the proximal exposed
group and in the distal and nonexposed group
was 6.0 and 4.5, respectively. It is evident that
the risk of leukemia is significantly higher among
those with a history of any of these selected
occupations in both the proximal exposed group
and the distal and nonexposed group.

DISCUSSION

A retrospectlive case history study was done based
upon the ABCC Leukemia Registry., Information
was obtained on 492 cases of leukemia with
onset in the city of Hiroshima or Nagasaki and
their controls by interviews carried out from
September 1966 to 31 March 1969,

Numerous epidemiological studies have been made
on the etiology of leukemia. Of the various
causes of leukemia in man, most evident is the
effect of radiation. It is well known that radiation
can induce leukemia, and that there is a marked
increase of leukemia among A-bomb survivors and
among patients receiving radiation therapy for
ankylosing spondylitis.

On the other hand, the results of animal experi-
ments suggest that viruses may be one of the
causes of leukemia, but there are hardly any
reports which demonstrate epidemiologic evidence
of a transmission theory which would support
such an assumption, However, since the report*’
of the development of eight cases of leukemia
between [957-60 among children at a Catholic
school in Niles, Illinois, many statistical studies
have been done on clustering of leukemia in
children in an attempt to obtain evidence sup-
porting the transmission theory of leukemia, but
the results have been inconclusive with suggestion
of cluster formation in some reports'®?? hut
not in others.2>?®  Various analytic techniques
have been suggested for these statistical studies
on cluster formation,'®*® but there still is no
method which can be applied universally. Miller®
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states that even if viruses contribute to the
development of leukemia, it would be extremely
difficult to epidemiologically demonstrate hori-
zontal fransmission of leukemia.

With regard to the relation between leukemia
and socioeconomic factors, it has been reported
in the United States that the risk of leukemia
is increased among people in higher socioeconomic
classes and among Jews.?® Therefore, in an
attempt to study the transmission theory and
the effect of social factors in the development
of leukemia, the social evironment of the residence
at time of onset and the history of contact
with animals or whether any animal had ever
been kept were reviewed for possible differences
between the leukemia patients and the controls,
The reason for this is that if it is assumed that
leukemia is transmissible and that animals carry
the leukemia virus, the proportion of households
in which there is greater contact with peaple
and of people who come into contact with
animals or keep animals should be higher in
the leukemia group as compared with the controls.
The present study, however, did not show any
significant difference by occupation of head of
household, environment of residence, whether ever
bitten by a dog or whether any animal had been
kept during the 5 years prior to onset, so that
there was no finding suggesting transmission via
man or animal.

On the other hand, Marming,31 Stewart,>?
McMahon,®® and others have reported that the
risk of leukemia is high in children of older
mothers and the first child. Therefore, the risk
of leukemia was compared by age of mother
when subject was born and birth order, but it
could nol be confirmed statistically from the
results of the present investigation that these
factors affect the risk of leukemia, There was,
however, a suggestion of a tendency for the
relative risk to increase with age of mother when
subject was born.

Awa, Bloom, et al®® have reported that the
incidence of stable chromosome aberrations increase
with age. When considered in association with
the reports of the possible relation between
congenital or acquired chromosome breakage and
the development of leukemia®® and the higher
frequency of Down’s syndrome among older
mothers,*” the suggestion that there is a tendency
for the risk of leukemia to increase with the
age of the mother may be epidemiologically
meaningful. However, the mother’s age had been
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40 or over in only six cases of leukemia so
that no conclusion can be made from the present
investigation,

In addition, a number of reports®% have been
published on the relation between Down’s syndrome
and leukemia in children, but a study of this
condition was not attempted in the present
investigation since accurate information concerning
such medical matters could not be expected to
be obtained from interview of persons closely
related to the patients. Questions were asked
about congenital abnormalities, but no one reported
any so that retrospective study of such conditions
by interview methods does not appear practical,

Other causes of leukemia reported from experi-
mental studies include various chemical agents
which disturb the hematopoietic function of the
bone marrow. A typical example is the induction
of leukemia by benzene or its derivatives, Thus
15 occupations in which benzene or its derivatives,
or X-ray is frequently handled were selected for
a study of the risk of leukemia. The risk was
found to be significantly higher (about 2.5 times)
among those with a history of such occupations
as compared with those without, especially among
those who had engaged in these occupations for
at least 5 years. The risk of leukemia was also
examined by whether there had been a history
of having worked as a production process worker
in any occupation other than the above 15, but
no significant relationship was found. The increase
of risk was noted specifically in only those
occupations in which benzene or X-ray is frequently
handled. Examination in more detail revealed
that the risk tended to be higher in those
occupations in  which various volatile organic
solvents are used.

Approximately one third of all cases of lenkemia
in Hiroshima and Nagasaki are among the proximal
exposed persons and presumably are due to
exposure to significant amounts of radiation from
the A-bomb. Therefore, the two factors of
A-bomb exposure and history of any of the
above special occupations were examined to
determine how they had contributed to the
development of leukemia,

As shown in Table 8, the distal and nonexposed
group had a risk of leukemia about 2.4 times
higher among those with a history of occupational
exposure to benzene or medical X-rays as compared
to those without. In the so-called heavily exposed
group, however, the effect of A-bomb radiation
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is so large that there was no change in the risk
by whether there is a history of any of the
selected occupations or not. In the low dose
group, the risk was approximately S times higher
among those with a history of any of the
selected occupations but the numbers are so
small that the relative risk is not measured very
accurately.  Therefore, any further comments
should await evidence from the low dose group.
However, of the five leukemia patients in the
low dose group with a history of such occupations,
four were acute leukemia so that this does not
explain the high risk of chronic leukemia® that
has been noted in the so-called lightly exposed
group of Hiroshima.

The present study was made using the ABCC
Leukemia Registry and the data accumulated
over the approximately 20 years since 1950 in
order to determine whether any factors other
than A-bomb exposure are related to leukemia.
li was felt that a case history study would be
the only possible approach to the investigation
of factors involved in a disease with so low
an incidence as leukemia. Even for such a
study, however, no effective method of investigating
patients who had developed leukemia over the
past 10 or more years could be found other
than to interview closely related individuals,
On the other hand, most of the memhers of
the ABCC fixed sample which had been chosen
for use as controls were alive, whereas the index
cases were dead so that there was some doubt
concerning the homogeneity of the two groups
in the degree of accuracy of data collection due
to the qualitative difference in the type of
informant for each. Nevertheless, it is hoped
that the presenl results will be used as a basis
for more carefully planned studies in the future
to see if the positive findings of the present
investigation can be confirmed.

SUMMARY

A total of 492 cases of leukemia with onset
in 1945-67 in Hiroshima or Nagasaki City were
selected from the ABCC Leukemia Registry and
interviewed along with controls during the period
1966-69. Interviews were completed on 413 of
the 492 cases for a completion rate of 84%.

The 413 matched pairs of leukemia patients and
non-leukemic comparison subjects (controls) from
whom interview had been completed were com-
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parcd by residence at time of onsel, occupation
of head of household, sanitary condition of
residence, whether any animals had ever been
kept or whether ever bitten by a dog, but none
of lhese factors proved significant.

The age of mother and birth order of 106
matched pairs of children with leukemia were
compared with those of the controls but no
statistical difference was noted between these
two groups. There was, however, a tendency
for the relative risk to increase with mother’s age.

A comparison of the 303 pairs of adults with
onset of leukemia at age 15 or over and their
controls by history of occupational exposure to
benzene or its derivatives and medical X-ray
revealed a tendency for the risk to be approximately
2.5 times higher among those with a history
of such occupations as compared with those
without. The change in relative risk of leukemia
due to the coexistence of the two factors of
A-bomb exposure and occupational history of
benzene and medical X-ray was also examined
to some extent.
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