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SUMMARY. The present study demonstrates an increased prevalence of malignant lymphoma and
multiple myeloma in survivors of the atomic bomb in Hiroshima exposed to 100 rad or more; a
similar relationship is not evident in Nagasaki. This apparent discrepancy is tentatively attribut-
ed to known physical differences in the radiation spectrum emicted by the two bombs and/or
biological differences between the inhabitants of Hiroshima and Nagasaki.

Other observations of interest include the following: the risk of developing lymphoma appears to
be greater in persons exposed at less than 25 years of age than in people who were more than 25
at the time of the bomb; the appearance time is shorter in the younger age group exposed to 100
rad or more in comparison with less heavily exposed persons and also in comparison with heavily
exposed persons in the older age groups.

B K EBOEREREE TI00radll Lo A 2 2 FICESE) Y oVEE ZREEFHIED FHREO R
MA@Hehzy, TOL)ZMMIBEBTEIASNE L. ZOERE, EREEED 2~y U
OWBENEETE FIERBEEMOEFEROEMEMNZER L3002 LI v,

FOMIZEETHES ZHMAAAED N, Thhb, Uy Sl 2 71L, BREEBHI2BEL LT
HoHBmELVLDERMGTH-2AHBEIIEL, 210 rad L EOBREF I A-HFERIIHITS
WRIRNE, BEEREO I LRBL T, FAREEBOSERIMO 2 &L TLEVEm AR
Ehi.

INTRODUCTION

Exposure to ionizing radiation has been shown to
result in an increased prevalence of most forms of
leukemia in both experimental animalsl-3 apd
man, 48 The frequency of myelofibrosis with
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myeloid metaplasia appears to be increased in
proximally exposed survivors of the atomic bomb in
Hiroshima.?10 There is current general agreement
that  leukemia, myelofibrosis, and malignant
lymphoma are closely related entities and therefore
it is of interest to examine the relationship between
the latter and previous exposure to ionizing radia-
tion in the surviving populations of Hiroshima and
Nagasaki.

A preliminary study in this regard showed an
apparent excess of cases of malignant lymphoma
and multiple Hiroshima individuals
located within 1400 m from the hypocenter at che
time of the bomb (ATB).!l However, this report
included only Hiroshima survivors with cheir
disease documented prior to 1 January 1963 and
with morphologic available for
Further, the was completed
before

myeloma in

material review,
study

reasonably accurate dose

in  question
estimates were
available and exposure categories therefore were

based upon an individual’s distance from the
hypocenter ATB, a suboptimal approach to dosi-
metry. The present study extends the foregoing to

include all putative cases of lymphoma including
multiple myeloma with clinical and/or morphologic
data available for review at ABCC in Hiroshima and
Nagasaki for the period 1945-G5 inclusive.

METHODS AND MATERIALS

Estimates vary greatly with respect to the popula-
tions of Hiroshima and Nagasaki ATB, the number
of persons killed and injured and the
exposed to a biologically significant amount of
The most commonly employed
figl.lres[2 record the civilian population in the two

number

ionizing radiation.

cities ATB at 429,000 (Hiroshima 255,000,
Nagasaki 174,000); of this number, about 103,000
(Hiroshima (4,000, Nagasaki 39,000) were killed

and thousands injured .
In the immediate period, the primary
medical efforts of the physicians from the involved
directed toward the appropriate
of injured survivors; observations with

postwar
countries were
treatment
respect to the acute effects documented during this
period are 12,13 Such
studies merged inperceptibly into an evaluation of
delayed effects and in 1949 the autopsy program at
ABCC was formally inaugurated. Initially, autopsy
obtained by ABCC medical
personnel and family physicians, often on the basis
Such an approach resulted in

summarized elsewhere.

permissions were

of specific interests.

an undue emphasis on malignancies including

lymphoma and on persons with a history suggestive

of acute radiation sickness.l4

(8]
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TABLE I COMPOSITION OF THE JNIH-ABCC LIFE SPAN STUDY SAMPLE, HIROSHIMA AND NAGASAKI
# 1 TH- ABCCRGHERHOMM, HE&E - L

T65 Dose Range15

City of Residence, 1950 Census

Exposure Distance from HeE # ALK 1950 4 [F] 34 19 v 0 (L B 1 _—
Category Hypocenter 5 s . ol
) N Hiroshima Nagasaki Hiroshima Nagasaki it

PR L 5 Ll s mE -
L BELHGEEMN 158 b P Kb
Proximal 0-1999 m 2,4-2790 rad 18-7090 rad 21200 6600 27800
AT 2 O
Distal 2000-2499 i3 T 11500 5100 16600
SEEERERME  2499-9990 o - 21200 6600 27800
Nonexposed 21200 6600 27800
R RE
Total &t 75100 24900 100000

T 65 A5 ft 4 2 fifl (% % k154 B 8)

The recognition of these and related areas of bias,
in conjunction with the realization that specific
alterations pathognomonic of late irradiation injury
were unlikely to be found, prompted the definition,
beginning in 1957, of a carefully constructed,
epidemiologically-sound study program. Members of
the latter group, referred to as the Life Span Study
sample, form the basis for most of the current
studies at ABCC. The composition of this group is
summarized in Table 1 and includes proximally
exposed survivors many of whom received large
doses of radiation matched by age, sex, etc., with
individuals who were in the environs of Hiroshima
or Nagasaki ATB but were distally located and
therefore apparently suffered little or no exposure
again matched by age, sex, etc., with a group of
persons who were away from the cities ATB. The
sample consists of persons who were residents of
Hiroshima or Nagasaki on 1 October 1950 and
represents the largest cohort of survivors for which
complete mortality ascertainment and dosimetry
data are available.15 Since 1961, the vast majority
of autopsies have been obtained from individuals
within this fixed sample. Recently, approximately
10,000 persons were added to the Life Span Study
sample. Systematic autopsy surveillance has not
been conducted on this incremental group. How-
ever, the total group, known as the Extended Life
Span  Study sample, is often employed to increase
the statistical leverage available to the investiga-
tor when appropriate comparisons of prevalence
etc., in the subsample shows no significant
discrepancies.

In the present study, possible cases of malignant
lymphoma and multiple myeloma were screened from
a variety of ABCC records including previous
reports in this regard,1 0,11 the [eukemia Rre.-gist:r).rl'5
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and autopsy and death certificate diagnoses.
Morphologic evaluation was performed independent-
ly by at least @wo of the involved pathologists and
cases classified as lymphosarcoma, reticulum cell
sarcoma, or Hodgkin’s disease according to the
histologic criteria outlined by Rappaport.l7  All
other types of malignant lymphoma were classified
as ‘‘other’”. Included in this heterogenous group
were: several apparently transitional cases (mixed
lymphoma of Rappaport); one example of histiocytic
medullary reticulosis of Robb-Smith!8; and several
cases of undifferentiated malignant lymphoma.
So-called giant follicular lymphoma was classified
by cell type as suggested by Rappaport.1?

Multiple myeloma is not included with the malignant
lymphomas in Rappaport’s classification. However,
it is included in the present evaluation because of
the increasing reservoir of immunochemical evidence
linking this entity with lymphosarcoma. Diagnoses
of multiple myeloma were based upon standard
criteria and included a review of bone marrow
morphology, an evaluation of immunoglobulin
production and loss and the roentgenographic appear-
ance of the skeletal system.

The material under study was further classified
according to the certainty of the diagnosis as
follows:

Diagnosis (malignant lymphoma or multiple
myeloma) established with certainty on the
basis of a review of autopsy material with or
without accompanying biopsies;

Diagnosis established with certainty on the
basis of a review of biopsy material only;

Diagnosis of probable or possible malignant
lymphoma or multiple myeloma accomplished on
the basis of a review of histologic findings
reported by pathologists outside of ABCC or
after review of pertinent clinical data, the
latcter without sufficient morphologic docu-
mentation to establish an unequivocal diagnosis;
and

Diagnoses other than malignant lymphoma or
multiple myeloma - this category generally
refers to material recorded in the ABCC files as
malignant lymphoma, a diagnosis not supported
by the present reviewers.

Tentative 1965 dose (T65D) estimates were
available for 79,184 out of 82,322 Hiroshima and
Nagasaki proximally and distally located members
of the Extended Life Span Study sample.!> On the
basis of the foregoing, individuals were grouped
into the following exposure categories by total dose

BRIECRM S+ AVTAZ Y -2y Lk LELE
L2ROMHEEE R 4 1SR A O M & IT R v,
Rappaport!” 70325k U /= 5 FRALAR F A9 B8 2 65 v T )
¥ 3R, AMHEMAAE £ /- 13 Hodgkin @Iz 8L 72, 2@
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Afa Bl L .

Rappaport @ F T3, £ 3 BHE0E 3B ) » oS0 &
F—GHIzBLTwiw, LaL, BHEEA Y /Y piE
ERAEA S S & v ) RIELFEMMBOREAFEML Tw
30T, AHEOFMICIEEMEL2 50k, £ RMEEHE
DB BEMNBECESTOTITE-A, TabE, &
RO, fREFa 7)) > o EEE B LD G,
EHUVIIERBROXBGEEWAL,

RER ZZMOMERE B CRO LI CHHEL -

1) EmE ) SmMEE 2 EbZvEBRMEO
B W A BT O E &6 (BT ¥/ £
3 F R IHAE ).

2) EHHE OB DMENIZEED B OMETE % #.

3) ABCC DUk REE# #8E L /= a5 1 7
B B 133 0 BERR R RO HO % 17 BB I 0 RT3
B, EAETEEES B v N, b L CIE R
BRNE 0 . BEFRERNC 12+ B AR A R 4
$, MELBIECATIENTE R

4) HEE) v E 23 2 RN Lo 2 —
ABCC g T3 EIE) » /3l & Wflah T w34,
EHSOMHTRZOROERENE » - L7

BmBEIEAY Y T E 1T BEE - EOEIHEEL &

U iR ME 82,322 A 5 79,184 A2 W T I W E
1965 it ( T65imit) HEMAAFEATEY . Lk
EGENE 2o - 38 k@'g%ﬁ‘ﬁ/""ﬁl‘: e kU o



FIGURE 1 TENTATIVE 1965 AIR DOSE ESTIMATES FOR NEUTRONS & GAMMA RADIATION
HIROSHIMA & NAGASAKI!S
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with gamma and neutron estimates combined on a

1:1 basis:
100 or more rad;
1-99 rad;

Less than 1 rad. This category does not include
persons not in Hiroshima or Nagasaki ATB;

No estimate available. This category generally
consisted of persons located within 2000 m from
the hypocenter in shielding situations for which
attenuation corrections are not as yet possible.

Similar division of the study population has been
emiployed in recent ABCC studies and appears to
provide a reasonable balance between highly
exposed survivors, moderately exposed persons and
individuals who absorbed dosages of little or no
biological significance. In this connection, it is
important to note that the radiation spectra emitced
by the two bombs were not identical. As shown in
Figure 1, at a given dose estimate Hiroshima
inhabitants were exposed to considerably more
neutrons than did Nagasaki persons; the lacter
were exposed to relatively more gamma.

NAGASAK| R

T T L
I~
04 L TN\ 4
N
N
L
T 108 .
= ©
Eoo GAMMA
w N\ HeiR
w3
8 102 N\ -
a N
N

NEUTRON
T

1 1 1
0 500 1000 1500 2000

DISTANCE FROM HYPOCENTER (m)
Wbk 5 0 EEEE

Effg 1
IZa#EL L.

1OEETEI U ZMRENI, Ko &k

1) 100rad b Eo#H.
2) 1 ~99rad O #E.

3) lrad Ri@OE. ZOBICIIFEBRSERSE 12
Bl hroFRET ALV,

4) HeEmBE A HAEE AT VE, COBICE
T A, BOMA52000m RV AEET, BE
DEZ AN RBFEHROEE TE 4 VEIREE
Thon%.

H3E @ ABCC ORETIE, LIFLE Fieo@E LK 5 H
HwuehTwas, TNTMEREREE, PEEHEBRE,
B IR CEMENAEENIR LA E -1k
BEVE, OZ-o0FOMICHEY BB ATVS
LDEBbNAE. ZoEHICE, AHORBICESEE
BMART PV EFR—Ob O ThED >k I EIZERT Y
EHAHL., 1Rt &I, —EnEpREE@EICH
W, EBO#EREIEHMOIL L0240 2RO P
FHIIERLTHY, EHOBEBRHERIEENZI AL NE
WOk E{ DFy=H 22TV



RESULTS

Table 2 summarizes the composition of the patient
material  included  herein by city, diagnostic
category, and basis of diagnosis. There is no
appreciable difference between the two cities with
respect to the availability of morphologic material
for review; approximately 60% of diagnoses in both
cities are substantiated by biopsy or autopsy. In
both Hiroshima and Nagasaki, reticulum cell
sarcoma is the most prevalent form of malignant
lymphoma followed by lymphosarcoma, Hodgkin’s
disease, and multiple myeloma. With the exception
of multiple myeloma, there are more total cases of
lymphoma in Nagasaki than Hiroshima despite the
greater total population of the latter.

Table 3 relates the death certificate diagnosis
(underlying cause of death) for the Extended Life
Span Study persons included herein to the diag-
nostic category as established by the present
reviewers. The rather poor confirmation and
detection rates, both of which are particularly low
when the case material is subdivided by cell type,
suggest that primary emphasis in the present
evaluation should be placed upon the segment of
the study which includes morphologic material
available for review.

i R
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HZH 2B OME0%IEERE 2 IE8IMRIZE > THR
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TABLE 2 DISTRIBUTION OF CASES BY DIAGNOSTIC CATEGORY, CITY, & BASIS OF DIAGNOSIS
#2 EMGAR BT, e & OB O SR

Basis of Diagnosis

Diagnosis et Total
iedtiy T Biopsy Clinical Data i
Only Only
& R LHO A EER GO &
HIROSHIMA /LK)
Lymphosarcoma ¥ SRR 14 20 27 61
Reticulum cell sarcoma ##8 40K 17 43 24 84
Hodgkin's disease Hodgkin## 12 19 15 46
Other Z ol 0 8 11 19
Multiple myeloma % 5T R 7 s 20 32
Total i 50 (20.7) 95 (39.3) 97 (40.0) 242 (100)
NAGASAKI &0
Lymphosarcoma v 3P RE 25 44 36 105
Reticulum cell sarcoma #li# P 35 30 53 118
Hodgkin’s disease Hodgkin#5 17 10 2i 48
Other Z O fh 3 10 13 26
Multiple myeloma £ FEE i R 9 5 10 24
Total it 89 (27.4) 99 (30.8) 133 (41.8) 321 (100)

Percent of cases in individual group in parentheses. o ZHAOHFFERIIESHMOETE,



TABLE 3 CONFIRMATION AND DETECTION RATES BY DEATH CERTIFICATE DIAGNOSIS
& MORPHOLOGIC TYPE OF LYMPHOMA

#3 MHESLIUORAE, RCLIWE ELOERS LU ¥ /S0 a5 80

Diagnosis Confirmation Rate Detection Rate
W HER R
Malignant lymphoma M%) » /9}E 24/36 66.7% 24/47 51.1%
Lymphosarcoma & Reticulum cell sarcoma 10/19 52.6 10/29 34.5
Yo SRS & U HHE R R
Hodgkin’s disease Hodgkin % 3/15 20.0 3/15 20.0
Other T DD RO FEY > /95 0/ 2 0.0 0/ 3 0.0
Multiple myeloma % &4 6 i 5/ 5 100.0 5/ 9 55.6
Total & @t 29/41 70.7 29/56 51.8

Underlying Cause of Death

Present Diagnosis HAEE Alive
B Cause A is named Other than Cause A HETER
SEME A % W FEFEA LIS & @
Diagnosis A bi b2
B A (Agreement) (False negative)
(—) (BELBEYE)

Other than Diagnosis A
BWALMO L O

(False positive)

(EEALLER 15

Confirmation rate HEiZH : a/ (a+ c)x 100

Detection rate %R # a/ (a+ by + by) X 100

Includes only individuals in [NIH-ABCC Extended Life Span Study sample; note that many death certificates
contdined only a diagnosis of malignant lympbhoma without subclassification as to cell type.

FHfi—ABCCHGMHEL KRB OMHOZ 250, £ NRECHBNE, BY) > EoBFos % REBL, 2040

BEgLrswTHATwELZ LI EATASENH 5.

Tables 4 and 5 show the distribution of the various
types of lymphoma by sex, estimated age of onset
and city. With the exception of multiple myeloma in
Hiroshima, the male:female ratio of each of the
cell types is approximately 2:1. Further, the
relative frequency increases by age in roughly the
same fashion in both cities. Neither city shows
the biphasic age distribution of cases of Hodgkin’s
which series
reported from Western countries; this discrep-
ancy may be related to the inevitable aging of the
population under study although a related scudy
implicates differences in host
between Japanese and Westerners in this regard.2?2

disease characterizes most large

20,21

responsiveness

As outlined in Table 6, of the individuals under
consideration, 187 were in the environs of
Hiroshima or Nagasaki ATB. Of these, only 45
(24%) are in the Extended Life Span Study sample
and can be utilized in the calculation of prevalence
rates as a function of dose. However, as will be
seen subsequently, the remaining 142 survivors
can be employed to evaluate the latent period
between exposure and development of disease,
morphologic type of lymphoma in relationship to
dose, clinical course, etc.

FABIULIE, ROy v MO 5T MM, HER
HIFEMN, B L USHEMNITRY. BRI E 5 2%
EHME A B, SRR LA nEn2 1T
HEH. EHID, MATIZE T S MG AVEEE LR IER R
IZEMEEDIZHMLTOVE, @ifitd, BRETHE S
NMTOARBELZRE LT 2BETHIZLIAD
Hodgkin @ 2 M F b5 HmIE R0 s h v, Zhis
Bl 2B ICEY, BRA—RKCRAMOBEBR2MHIC
ENHLHZENREENLN, LEOERIWENRE
Elo Ry 2 MR R IZMFEA b 3000 L vkt

FOICHEMLAL D12, HRED S 5D 18T AT FRERE
BHAE 2 EEMTERIIVE ZhsD03 b, b Add
A (24%) PREGE\EILRS > 7VICEL, SO
ELTHREOHBEIIHw LA TEEZ, LL, &
MO LI, RO MIADBBE L, BRI SHFEET
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TABLE 4 DISTRIBUTION OF MALIGNANT LYMPHOMA AND MULTIPLE MYELOMA
BY MORPHOLOGIC TYPE, SEX, & CITY

x4 EHVOESIUERERMEO S HBEASHE, % b LUHH

Morphologic Type

Hiroshima [5 %

Nagasaki ¥

M S| Male Female Total Male Female Total
% ES Bt % % it

Malignant lymphoma ¥ » /3fE 143 67 210 196 101 297
(68.1) (31.9) (66.0) (34.0)

Lymphosarcoma PREEATe] ] 41 20 61 67 38 105
(67.2) (32.8) (63.8) (36.2)

Reticulum cell sarcoma #1# i) it 56 28 84 81 37 118
(66.7) (33.3) (68.6)  (31.4)

Hodgkin’s disease Hodgkin i 32 14 46 29 19 48
(69.6) (30.4) (60.4)  (39.6)

Other Z Ot 14 5 19 19 7 26
(73.7) (26.3) (73.1) (26.9)

Multiple myeloma £ S 1 i i Rt 11 21 32 16 8 24
(34.4) (65.6) (66.7)  (33.3)

Total Hil 154 8¢ 242 212 109 321

(63.6) (36.4) (100) (66.0)  (34.0) (100)

Percent of cases in individual diagnostic group by city in parentheses.

o ZME, MAENOEBHHIIE T SMBOETE.

The prevalence rate of malignant lymphoma and

multiple myeloma for the period 1950-65 by dose
estimate for both cities is shown in Table 7. In
Hiroshima, it appears that the risk of developing
malignant lymphoma and multiple myeloma is
considerably greater in survivors who received
100 rad or more than in similar individuals exposed
to less than 1 rad; when the period prevalence rate
was standardized, the relative risks are 8.0 and
4.9 for malignant lymphoma and multiple myeloma
respectively in highly exposed survivors as opposed
to persons who absorbed dosages of little or no
biological significance. The results of a similar
comparison between persons who
estimated dose of 100 rad or more and those
individuals with estimates less than this figure are
less marked and of only
In contrast to the forego-

received an

predictably suggestive
statistical significance.
ing data, a comparable increased risk of developing
malignant lymphoma or multiple myeloma is not
evident among the heavily exposed Nagasaki
survivors although the total number of individuals
in each exposure category is too small to permit a

definitive statement.

As noted previously, the radiation complement of
the two bombs was not identical and this discrep-

ancy may be responsible for the inter-city

#& 7T,

1950 ~65FE D MM Iz 51+ 2 M) » i B &

U & FE1E B B o0 47 475 28 & ol /7 2 2 R E A
L TRET, B 8l s kO F AR o
FEMmEE L, 100rad L Lo s Z32E0E I H
Irad ROBRE LD & H 40 Eu. MR HHR LT
HEfp L =856, MAEmME L EWENEEEDE LAY
FAResRcOHEREZIAHE L OMSMREEL, B
Yyl LU EREEFMEI VT, EREN 8.0
HEUV4.9TH 5. 100 rad L LOHEHERE 2T AE L
100rad RO HIZ DV TR G L2 T8 - 72 R,
FHREBN, KNFEHTIHLEL, bTrCHHENEA
BHEETIETL50HTH- 2. SHERCIPT A 08E
AP, HiEEMRERD 3 IZESEND IIELETES
A, RISOMEHBEHE I TAEEY v EE T ER
PRI o B EEE#E Iz, Lo RIS 5 8m
FHEH 5L,
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TABLE 5 DISTRIBUTION OF MALIGNANT LYMPHOMA & MULTIPLE MYELOMA BY MORPHOLOGIC TYPE,
AGE AT ONSET, & CITY

£S5 BV YO LUVEZRERMEO S BSOS E, RENERE L UHE

Age at Onset FEFHHEEM

Meorphologic Type te i Total
‘- e iy 2 k 3
AL 2 o M 0-19 20-39 £0°55 _— Un;ﬂc’\an 7
HIROSHIMA 4 &
Malignant lymphoma " » /9§ 26 40 64 75 5 210
(12.4) (19.0) (30.5) (35.7) ( 2.4)
Lymphosarcoma ) v S PR 10 11 17 20 3 61
(16.4) (18.0) (27.9) (32.8) ( 4.9
Reticulum cell sarcoma #H#A 7 18 29 30 0 84
( 8.3) (21.4) (34.5) (35.7) (0 )
Hodgkin’s disease Hodgkin 55 7 8 11 19 1 46
(15:2) (17.4) (23.9) (41.3) ( 2.2)
Other 28 2 3 7 6 1 19
(10.5) (15.8) (36.8) (31.6) ( 5.3)
Multiple myeloma EZ e 0 3 12 16 1 32
(0 ) ( 9.4) (37.5) (50.0) (3.1
Total & dt 26 43 76 91 G 242
(10.7) (17.8) (31.4) (37.6) ( 2.5) (100)
NAGASAKI 95
Malignant lymphoma ' ¥ /4R 15 64 104 97 17 297
(5.1) (21.5) (35.0) (32.7) (¢ 5a7)
Lymphosarcoma ) v 3 il 7 28 36 26 8 105
(6.7) (26.7) (34.3) (24.8) ( 7.6)
Reticulum cell sarcoma #1483 P K 3 24 44 45 2 118
{ 2.5) (20.3) (37.3) (38.1) (1.7
Hodgkin's disease Hodgkin # 4 8 13 18 5 48
(8.3) (16.7) 27.1) (37.5) (10.4)
Other Ol 1 4 11 8 2 26
(3.8 (15.4) (42.3) (30.8) ¢ 7.7y
Multiple myeloma % JEE - i 1 3 11 7 2 24
( 4.2) (12.5) (45.8) (29.2) (. B.3)
Total & 16 67 113 104 19 321
(5.0 (20.9) (35.8) (32.4) (5.9 (100)

Percent of cases in individual diagnostic group in parentheses. 7= ZNIT &L 5H KO EH R,

TABLE 6 DISTRIBUTION OF MALIGNANT LYMPHOMA & MULTIPLE MYELOMA BY T65 DOSE

ESTIMATES AMONG SURVIVORS (HIROSHIMA & NAGASAKI COMBINED)

#6 WHWHBFECHEITIEMY Sl LU ERERMEO S C TSI (K - BWEiH)
Sample Classification
M
T65 Dose Total
it Extended Life Span Study o #
Sample
o MDA AT BT Z O

<1 rad 16 112 128
1-49 18 13 31
50-99 0 1 1
100+ 10 9 19
Not available HRH#EE 1 7 8
Total & Wt 45 142 187




TABLE 7 PERIOD PREVALENCE OF MALIGNANT LYMPHOMA & MULTIPLE MYELOMA AMONG SURVIVORS IN THE
EXTENDED LIFE SPAN STUDY SAMPLE BY T65 DOSE ESTIMATE & CITY (/1000 POPULATION)

27 RGWAELAMNRBOREBE CH T 2EMEY v s & O % 561 B HHMEO W H A EE
T6E5D #fit & L OB AN (1000 A % 7= 0)
Hiroshima JK5 Nagasaki & i
Not Not
<1 rad - -
ra 1-99 100+ Available Total <1irad 1-99 100+ Available Total
ES it FHEE B
Sample o B B 29973 27187 3138 1676 61974 4702 11642 2542 1462 20348
MALIGNANT LYMPHOMA BtV » 7 ff
Cases HiE {7 #4 11 7 8 0 26 3 6 1 1 11
Crude prevalence race bR R 3.67 2.58 25.49 0 4.19 6.38 5.15 3.93 6.84 5.41
Adjusted prevalence rate* &7 IE# #5% 3.47 2.48 27.91 0 4.06 7.95 5.88 4.72 6.68 6.20
Relative risk** R & 0 fis 2 1.0 0.7 8.0 = = 1.8 0.7 0.6 ) =
MULTIPLE MYELOMA & FEA% -t A
Cases HiE 171 #4 2 3 1 1] 6 0 2 0 0 2
Crude prevalence rate HAmE 0.67 1.10 3.19 0 0.97 0 1.72 0 0 0.98
Adjusted prevalence rate* FTIEf i 0.61 1.02 3.00 0 0.91 0 1.91 0 0 1.23
Relative Risk** L 0 i P 2 1.0 1.7 4.9 = 2 = e 3 E &

*Prevalence adjusted to standardized population; this adjustment corrects for the skewed character of the populations of
Hiroshima and Nagasaki ATB due to the paucity of civilian males of military age.

PR ACTIZATIE L 2/ M#E: ZhIE- TERERMCISRMBFHFLhaviwE A RREER - EwADOMEo B H¥EzRS.
**Relative risk calculated from adjusted prevalence with <l rad exposure category arbitrarily assigned value of 1.0,
TEHFHRIETOCHEL AEEMEERSE. 2201 rad ROBMBOMAMOCHRELS 1.0 & LA,

differences noted above. Because of the apparent
increased prevalence of malignant lymphoma and
multiple myeloma among heavily exposed survivors
in Hiroshima only, these data are recalculated by

sex and cell type in Tables 8 and 9.

Table 8 summarizes of
malignant lymphoma and multiple myeloma by dose
An excess risk of lymphoma
development is apparent in both Hiroshima males

and females exposed to 100 rad or more in com-

the period prevalence

estimate and sex.

parison with persons exposed to less than 1 rad;
however, this difference is statistically significant
only for males. Although a comparable relationship
is noted among female survivors, the figures are
too small for this discrepancy to be of statistical
significance. Unexpectedly, no examples of
multiple myeloma are noted in Hiroshima males of
the Extended Life Span Study sample.

The crude period prevalence rates by dose estimate
for the major subcategories of malignant lymphoma
are shown for Hiroshima survivors in Table 9.
Although the number of cases in individual diag-
nostic categories is too small to warrant statistical
analysis, the same general relationship noted in
Table 8§ is again evident; there appears to be an
increased prevalence of lymphosarcoma, reticulum
cell sarcoma, and Hodgkin’s disease among persons

10

Zw, RBOHOMBEHRERIZEVTIE, EiE) v E
BLRUEZEERMBEOFHBEEIHMMLTVS LI 128D
NEnT, BES8HLUVITIE, AFENLAF— 7245
B UM TR AL .
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TABLE 8 PERIOD PREVALENCE OF MALIGNANT LYMPHOMA & MULTIPLE MYELOMA AMONG HIROSHIMA SURVIVORS
IN THE EXTENDED LIFE SPAN STUDY SAMPLE BY T65 DOSE ESTIMATE & SEX (/1000 POPULATION)

#8 HGNERAGRBPOLEGOWBEI IS ITLER) ¥ 50l LU 25840 560E O W 4 HER
T6E5D #ft & & O (1000 A 4720 )
Male % Female %
<lrad 1-99 100+ , N Total <lrad 1-99 100+ , MO Total
Available Available
A E it M it

Sample EOR R 11E+4 12186 11234 1377 708 25505 17787 15953 1761 968 36469
MALIGNANT LYMPHOMA EtY » /3
Cases S5 1) 2 7 3 5 0 15 4 4 3 0 11
Crude prevalence rate M 5.74 2.67 36.31 0 5.88 2.25 2,51 17.04 0 3.02
Adjusted prevalence rate* AT i # 3% 5.43  2.68 38.76 0 - 2.06  2.33 20.14 0 -
Relative risk** FH A Y i B 5 1.0 0.4 7ol 4 - 1.0 1.1 9.8 e -
MULTIPLE MYELOMA % 5 1 i R
Cases 1iE 141l ¥ 0 0 0 2 3 1 0 6
Crude prevalence rare A 0 0 ] 1.11 1.88 5.68 0 1.65
Adjusted prevalence rate* 3] iF 43 - - - - - 1.05 1.75 5.15 0 -
Relative risk** 1 o - - - - - 1.0 1.7 4.9 = >

*, ** See Table 7. # 7 HM.

TABLE 9 CRUDE PERIOD PREVALENCE RATE OF MAJOR TYPES OF MALIGNANT LYMPHOMA AMONG
HIROSHIMA SURVIVORS IN THE EXTENDED LIFE SPAN STUDY SAMPLE BY T65 DOSE
ESTIMATE & TYPE OF LYMPHOMA (/100,000 POPULATION)

#9 HRHHTHEAGRBEPOLEOHBE CH TS EXEROES ) o EO MG FEE
T65D #flk 45 L O° ) » S E o fFA (100,000 A0 )
T65 Dose #Hidit
Total
<1 rad 1-99 100+ Not Available it

Sample 1 A B 29973 27187 3138 1676 61974
Lymphosarcoma 1w S RIRE 1.33 (4) 1.10 (3) 12,75 (4) 0 1.77 (11)

Reticulum cell sarcoma #I#AME 1.67 (5) 0.37 (1) 3.19 (1) 0 L1357

Hodgkin’s disease Hodgkin# 0.67 (2) 1.10 (3) 9.56 (3) 0 1.29 (8)

Number of cases in each group in parentheses. 7> 2T ZWIZH T 5.

exposed to 100 rad or more. Of tangential interest
in this regard, two of the four individuals with
lymphosarcoma in the 100+ rad category demon-
strated leukemic transformation (leuko-
lymphosarcoma).

terminal

Table 10 summarizes the pertinent data with
respect to the 10 individuals with lymphoma and
multiple myeloma exposed to 100 rad or more. It is
of that most with lympho-

sarcoma were exposed at an early age, and develop-

interest individuals

ed their disease fairly quickly post-exposure, in

11

OFERFHFHIML T2 L5128 bHN 5. % 45, 100radl)
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TABLE 10 MALIGNANT LYMPHOMA & MULTIPLE MYELOMA IN PERSONS IN THE EXTENDED
LIFE SPAN STUDY SAMPLE RECEIVING MORE THAN 100 RAD BY DIAGNOSTIC CATEGORY,
SEX; AGE AT BOMB, TG65 DOSE ESTIMATE, & YEAR OF ONSET
#10 BB A RBEPO100radl] EOBBEE 255 5 HEIE) v E B kU E BB BEE

T 65D #idit & & O 3695 1 52 71

Aoy EE, MR, PR MG,

T65 Dose #it
MF No. Sex Age ATB Diagnostic Category Year of Onset
WHEAMES R WRREER ??T ﬁﬁﬁ“ T?ﬂ 2 I 5 4 Fe I
HIROSHIMA 5
F % 13 183 rad 129 rad 312 rad  Lymphosarcoma DAY 5 ] 1949
M5 18 315 117 432 Lymphosarcoma* 1951
M % 10 271 117 388 Lymphosarcoma* 1949
M 5 5 225 57 282 Lymphosarcoma 1959
F & 75 218 46 264 Reticulum cell sarcoma #ll#4 ) ik 1955
MB 52 82 45 127 Hodgkin’s disease Hodgkin 1960
M3 42 114 25 139 Hodgkin’s disease 1965
F & 57 105 23 128 Hodgkin’s disease 1965
F & 33 452 111 563 Multiple myeloma % FEHE: 1 i 1ok 1958
NAGASAKI E i
— F % 39 211 1 212 Lymphosarcoma URPATES) (] 1964

*With terminal leukemic change.

compari son with other forms of

lymphoma.

with persons

As emphasized previously, only members of the
Extended Life Span Study sample can be employed
to calculate prevalence meaningful
additional developed
lymphoma but the population at risk and the rate of
detection in the non-study portion of the population
are not accurately known.

data in a

fashion; survivors have

However, it
reasonable to use augmented lymphoma series (187
total persons) to select
Exposure data for this group of persons are shown
in Table 11.

appears

evaluate parameters.

The estimated appearance time as a function of an
individual’s age ATB is shown for both cities in
Table 12; included 16 persons
estimated date of onset of symptoms referable to
Appearance

not are whose
lymphoma or myeloma is not known.
time is defined as the estimated time interval from
the bombs until the onset of symptoms suggestive
of malignant lymphoma or multiple myeloma. With
respect to malignant lymphoma, persons exposed to
100 rad or more demonstrate a shorter latent period
than individuals in the other two exposure catego-
the number of each group,
however, is insufficient to provide meaningful
statistical comparisons and this observation should
be viewed with considerable caution. A similar
comparison is not possible with multiple myeloma
as none of the involved persons was under 25 years
of age ATB.

ries; individuals in

RMEAMBEEELEES & D!
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TABLE 11 DISTRIBUTION OF ALL HISTOLOGICALLY CONFIRMED CASES OF MALIGNANT LYMPHOMA
& MULTIPLE MYELOMA BY MORPHOLOGIC TYPE, T65 DOSE ESTIMATE, & CITY

#11

s, T6E5D kb & U B

HAFAMEC L - THER s 288 ¥ s & U £ BB SIE 25 o 56

T65 Dose #it

Morphologic Type Total
4 7 Not Available %
EM s <1rad 1-99 100 + e H
HIROSHIMA 5k
Lymphosarcoma DI ) 13 4 7 2 26
Hodgkin’s disease Hodgkin % 6 5 3 0 14
Reticulum cell satcoma A0 48 P il 15 6 2 1 24
Other malignant lymphoma % @b EAEY ¥ /4 4 0 3 1 8
Multiple myeloma % FEAE i A 4 4 1 0 9
Total G 42 19 16 4 81
NAGASAKI
Lymphosarcoma " > 5B R 30 4 1 2 37
Hodgkin’s disease Hodgkin # 13 4 0 0 17
Reticulum cell sarcoma #0#4 pa Rl 33 2 2 1 38
Other malignant lymphoma # @ fio LY > /¥ 6 0 0 0 6
Multiple myeloma % &1 T 1l RE 4 3 o 1 8
Total At 86 13 3 4 106
HIROSHIMA & NAGASAKI /A8 # & U Foiis
Lymphosarcoma V) ov R 43 8 8 4 63
Hodgkin’s disease Hodgkin #3 19 9 3 0 31
Reticulum cell sarcoma 048 g il 48 8 4 2 62
Other malignant lymphoma £ @i @ik > /9ff 10 0 3 1 14
Multiple myeloma £ A1 M I 8 7 1 1 17
Total A 128 32 19 8 187
TABLE 12 AVERAGE APPEARANCE TIME BY AGE AT BOMB, BOTH CITIES
#12  TERRRMR C pRMRERERGR], M A
T6S5 Dose it
Age ATB Total
i 1A I 4 it <1 rad 1-99 100+ Not Available it
FHETE
Malignant lymphoma <25 161.6 (10) 147.3 (8) 111.8 (6) 149.0 (3) 144.8 (27)
g v SR 25+ 145.0 (102) 150.8 (16) 166.1 (10) 150.7 (3) 147.4 (131)
Multiple myeloma < 25 (0) ) (0) (0) L0)
% 56 M i R 25+ 172.3 (6) 175.8 (6) 160.0 (1) 160.0 (1) 174.8 (14)

Appearance time expressed in months; actual number of cases in each category in parentheses.
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DISCUSSION

A close relationship between malignant lymphoma,
multiple and leukemia is generally
accepted. The latter appears to be initiated, or
precipitated, by
including

myeloma,
a variety of divergent factors
types of ionizing radiation.
Indeed, with the possible exception of the radium
dial workers,3 each of the carefully studied human
populacions of significant size exposed accidental-
ly or therapeutically to ionizing radiation appears
to exhibit an increased prevalence of leukemia.
This radiologists,23 possibly children
exposed to large amounts of diagnostic radiation in

several

includes

utero, 24 persons receiving radiotherapy for ankylos-
ing spondylitis® and survivors of the atomic bombs
of Hiroshima and Nagasaki.®8 [ eukemia may also
be a sequellae of exposure to significant quantities
of benzene25 and is apparently associated with
chloramphenicol-induced bone marrow depression.26
On the basis of the available evidence, it has been
postulated that any episode which is associated
with significant marrow hypoplasia may predispose
tothe subsequent development of leukemia. 27

Considerably less information is available with
respect to the various factors which precipitate or
potentiate the development of nonthymic lymphomas
in experimental animals and man. With the specific
exception of CBA mice, exposure of a variety of
laboratory significant
ionizing insufficient stimulus to
result in an increased incidence of disseminated
lymphoma.
lymphoma is noted only in persons receiving radio-
therapy for ankylosing spondylitis?8 and as
documented herein, Hiroshima atomic bomb
survivors exposed to 100 rad or more. Nagasaki
This
apparent difference could relate to epidemiologic

animals o amounts of

radiation is an

In man, an increased prevalence of

survivors do not exhibit a similar increase.

discrepancies between the study populations of the
cities but this appears to be an unlikely
Assuming the epidemiologic sound-

two
explanation.
ness of the populations under evaluation, there are
at least two explanations for the described dif-
ferences between Hiroshima and Nagasaki; quali-
tative differences between the two bombs and the
resultant radiation spectrum; and biologic discrep-

ancies between the two populations at risk.

Host factors have been shown to be of critical
importance in the pathogenesis of a variety of
experimental and human tumors. Recently, the

role of the immune response in the development of
and viral-induced
has engendered considerable interest. Much of the
impetus in this regard resulted from the observation
that experimental animals, and apparently humans,

spontaneous, chemical- tumors
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with spontaneous or experimentally-induced
immunologic deficits appear to develop an excess
number of malignancies, and especially neoplasms

of the lymphoreticular system; thus:

NZB mice with a potpourri of immune phenomena
often develop a terminal lymphoma which in
many ways resembles lymphosarcoma;29

Approximately 10% of animals with Aleutian
mink disease develop a monoclonal gammopathy
and  morphologic  alteration  suggestive  of

multiple myeloma;30

Immunologically immature mice injected with
competent cells and supported through the acute
phase of reaction often
develop a pleomorphic lymphoma which resembles
Hodgkin’s disease;3!

the graft-versus-host

Persons with defective development of the
thymus and agammaglobulinemia appear to have
an increased prevalence of lymphoma.32,33
In select situations, the converse of the above
is also true - persons with malignant disease of
the lymphoreticular

increased prevalence of immune abnormalities;34

system appear to have an

Chronic administration of antigen (sheep erythro-
cytes) to CBA mice alters the total incidence
and morphologic expression of the various

lymphomas which subsequently develop;33

Persons undergoing appendectomy early in life
develop an excessive number of malignant tumors
including lymphomas;36 and

Suggestive data is now available that people
antilymphocyte
transplantation subsequently

large amounts of

organ

receiving
serum post
have an increased proclivity for the develop-
ment of lymphoma.

Therefore, the available evidence, albeit somewhat
circumstantial, suggests that whereas leukemia may
often follow marrow hypoplasia occasioned by one
factors, lymphoma is perhaps
closely associated with disruption of immunologic
homeostasis.  Experimentally, the latter is more
difficult to depress significantly with ionizing
radiation than is the bone marrow. This observation
responsible for the difference in the
relative prevalence of leukemia (very high) and
lymphoma (low) in Hiroshima the
atomic bombs.

of several more

may be

survivors of

The considerable discrepancy between the radiation

spectrum of the two bombs may also be responsible
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for the difference between Hiroshima and Nagasaki
with respect to the prevalence of lymphoma among
highly exposed persons; indeed, it is difficult to
imagine that the immuno-suppressive effect of
neutrons and gamma rays would be equivalent. At
comparable dose biological
effectiveness of the two modalities is considerably
different as is the life shortening response and the

rates, the relative

mutagenic effect.37  As noted previously, at a
given dose estimate Nagasaki inhabitants were
exposed relatively to more gamma rays than
Hiroshima residents who absorbed a radiation

mixture consisting of gamma rays and neutrons.

Many of the foregoing comments also relate to
possible  genetic  discrepancies between the
inhabitants of Hiroshima and Nagasaki as a

possible explanation for the differences in lymphoma
prevalence among highly exposed survivors. There
are several bits of evidence to suggest that the
populations may not be as biologically homogenous
as one would suspect. Utilizing two relatively
independent statistical sources, the mortality rate
of malignant lymphoma and multiple myeloma is
apparently greater in the general population of

Nagasaki than Hiroshima;38 a significant number of

cases of chronic lymphocytic leukemia, virtually
unknown in the remainder of Japan including
Hiroshima, has been reported as occurring in

Nagasaki residents.3? The basis of these discrep-
ancies is unclear but it has been suggested that
the genetic matrix of the population of Nagasaki
may reflect the fact that this city constituted the

only port open rto foreign trade during Japan’s
prolonged  period (1635-1859) of self-imposed
isolation.

On the basis of the present study, it is not pos-
sible to address the question of a threshold dose
with respect to the development of lymphoma and
multiple atomic  bomb
However, it is possible to state that on the basis
of presently available data persons exposed at very
low dosages do not exhibit an increased prevalence;
on the contrary, such individuals may actually
demonstrate a reduced frequency in comparison
with the nonexposed segment of the study popula-
In this connection, the observation that small
immunostimulatory

myeloma  in survivors.

tion.
dosages of
is of interest.

radiation may be
40
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