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CANCER IN JAPANESE EXPOSED AS CHILDREN TO THE ATOMIC BOMBS. 1950-69
HIROSHIMA AND NAGASAKI
PEMCEBRCHEBELAEAEIC ST 38, 1950 — 69 &
EB - & I&

SEYMOUR JABLON, M.A.'; KIYOSHI TACHIKAWA, M.D. (37)1] i#%)!; JOSEPH L. BELSKY, M.D.2:
ARTHUR STEER, M.D.?

Departments of Statistics, ! Medicine, ? and Pathology *
FEATED, U BRAREE, ® b & OREHEE S

SUMMARY. The occurrence of cancer has been studied in a cohort of 20,609 persons, members of the
JNIH-ABCC Life Span Study sample who were less than 10 years old at the time of the atomic bombs in
Hiroshima and Nagasaki. In addition to the well-known large increase in the risk of leukemia among the
irradiated survivors, it has become apparent that, since about 1960, those who received relatively large
doses (more than 100rad) have had cancer rates several times those among low dose survivors or those
who were not in the cities. Although the number of cancers that have been detected thus far is not very
large, the reality of the effect is attested, not only by formal statistical significance tests, but by consistency
between death certificate and other notifications.

BR. TH-ABCCHGMEM RO S 6, L8 - BISORMEE 108 RBTH - 7~ 520,609% 1= 14 5
BWORLELCODVTIHR LA, HEE ST ABERE 0TI, PR SN MRS OB 2 B0
EAID, A F RO (100 rad Bl E) 2203 A EOMBEEEHI960E 2 AL 8, BERE S35
ZEREE IR WA s R B LD A HEBV I LWL AT 5 . M h-EofisEcn
EIAHEFEERLVY, ZOBBOMIERIRFENRECL - TOAE LT, FEBMMBOIE L
O FETED B L0 -z k- Ty FHTEEhT VWS,

INTRODUCTION I
One of the main purposes of the continuing studies of B - BOFERERELSHIZLTABCC K4 - T
ABCC on the survivors of the Hiroshima and Nagasaki WAHRAROEANO —2lz, L Mob A KkaSn

atomic bombs is to obtain information about radiation
carcinogenesis in man. Leukemia was early identified as

BIEERII>WTOfELEKkD s 2 L2k 3. AMFIL,

an important radiation effect among the survivors and B poEchtaE ke RSB ED—oL LT
detailed studies of radiation leukemogenesis have been Wb, WSO EMBHE IO VT EE A e A
made. 1

FieabhTegws.1-9

In contrast with leukemia, evidence for the radiation
induction of other tumors has been slow to accumulate, HIMFEOHG ERL 5 T, %0 Mo lFEEo i smaEsec



and the effects that have been observed have been of
smaller magnitude. Harada et al!® showed, in their
analysis of data from the Hiroshima and Nagasaki Tumor
Registries for the period 1957-59, that survivors who had
been located within 1500 m of the hypocenters at the time
of the bombs (ATB) had a significantly elevated incidence
of malignant neoplasms, apart from leukemia and lym-
phoma. Similarly, on the basis of data for 1958-59,
Hollingsworth et al ' were able to suggest that “the thyroid
gland may respond to radiation by ...... malignant changes
after a long latent period.” Using data through 1961
Socolow et al, 2 chowed that thyroid carcinoma was
increased by a factor of five or six in survivors who had
received large doses. This work was further elaborated
by Wood et al,'® whose data extended through 1965.
Additionally, occult papillary carcinoma of the thyroid
has been reported to be a probable effect of radiation 1418
but the relationship of the occult tumors to those that are
clinically apparent, and in fact, whether the occult tumors
are truly malignancies, are both questions susceptible of
debate.

Other solid tumors that have bheen at least suggestively
linked with radiation exposure in the ABCC studies are
lung cancer 'S and cancer of the female breast. '™ No
other specific tumor has yet been shown to be radiation
related among the survivors.

On the other hand, studies of mortality using death cer-
tificates have suggested excessive mortality from cancer
(apart from leukemia) among A-bomb survivors, especially
in Hiroshima females, during the period 1950-54.1%
Beebe et al ' showed that, in the period 1962-66, there
was also excessive mortality attributed to malignancies
other than leukemia among survivors with large radiation
doses, although the effect was not apparent during 1954-62,

A preliminary survey " had shown that carcinogenic
effects of radiation were especially prominent in survivors
less than 10 years old ATB. The present study was
undertaken to examine more completely the evidence at
this time for radiation carcinogenesis among young

SUrvivors.

METHODS

Population. The population studied consists of those who
were under 10 years of age ATB (Hiroshima 6 August,
and Nagasaki 9 August 1945) and who are members of
the cohort called the JNIH-ABCC Life Span Study (LSS)
Sample extended. ' This cohort includes nearly 109,000
persons, of whom about 82,000 are A-bomb survivors,

Bl 2 &R OWRBIZAFECEZTabAT, F8Exh
TELEMEOERELRE A4, FHHLY® ($1957 -
SUIE O[5 [ 4 & UNEels o) 1R85 60 63 00 W8 B & RRAT L 7~ 65 1,
A A 5 1500m FiFic WA HEBRE CALFBS £ Y v
SSIELL S B EM A EB CERLTOWE I L2 REL
Zz. [ARRLZ, 1958 - 59{EDYEFHI TV T Hollingsworth
5k, [TRVERIA O 2R & 2 B
RRIFIZE I 33 TH A5 | mE LA, 19618 T
DEFE H VT, Socolow 5% (%, £Jo T4 21+
PR TR AT S - 6 fERIML T WA Z L &S
L. ZoffEid, 1965EE To%F %2 % &7 Wood
BRIZkTEHIIHEIZEINE., 20 E A 128 EN
RGNS Pt o B EO—2Th 2 ) L v d 2
EAREE NN, o kS LA L IES & BEE
BYIZE0 0 5 N3 N & OBMFEe, 72, BErENEg 20
ELTESETHIATE» LV LI, LLHEOR
MEHRTMECHS.

ABCC MFF R THATHMMEBE ME A H 2 Z L AVRIE & 1
T 5 REMEME 2 1E, IS SRy e 5. i
ME T, 7 ofb o EAERES T HOA IR & B F
DH3LNITELRBLENT VAL,

flbrs, FECRBITHEL BT 2CEM[E T, HIRH,
RSO LRIz v T, 1950 -54FE O A 12 B s &
ik 3O MMM REENA. Y Beebe 5 ®
WLz kN, Bl 2 A HiRE 121962 - 664 0 1A
B I 2 b ¢ BIRER I LA EORMA AR SN
A, Ok HEGIM-62IEnMItEFOLsNE
bR

Tl 0 AR FE 20 12 kAU (10 R T b o WA
i, BORTER O SR Bk U TSR R AT o L R0
Stz SRIOMFEIL, BRGS0 5 BHEHERE 0K
BHROMFIEE L DFMICHRA T2 BN TERES LS
NDTHS5.

h &

IWEEE. WA BB, RS (LETERIMSESH 6 A
BAE, B TE195F 8 IHBEE) C10& KM T, T
if-ABCC #HHEANILAMER" BT L0128
TR ENS, ZoOMKBEER 109,008 o x5 5 #
AL, F0H 582,008 IEAEMCHEIBLAETH



exposed at all distances, while nearly 27,000 are persons
who entered the cities after the bombs and who form one
comparison group (not-in-city or NIC group).

Names were selected from lists created by a special survey
of atomic bomb survivors made at the time of the Japanese
national census of 1 October 1950. All persons listed in
that survey who resided in Hiroshima or Nagasaki and
who were within 2500 m from the hypocenters were
chosen, plus a stratified random sample of those who
were beyond 2500 m, age- and sex-matched to the survivors
within 2000 m. Matching was done only for those whose
honseki,* was in the cities of Hiroshima and Nagasaki.

No equivalent lists of those not in the cities were available,
so the NIC group was selected from various sample cen-
suses made in 1950, 1951, and 1953, The NIC group
was also chosen as a stratified random sample, age- and
sex-matched to the survivors within 2000 m and subjected
also to the honseki restriction. Details of the definition
and selection of the cohort can be found in references
18 and 19.

Slightly more than 20,600 memhers of the entire cohort
were under 10 vears of age ATB (Table 1) and we have

studied the occurrence of tumors in this subgroup.

D, &Y OML,00ELIEEBMEAT L2ZTH- T, I
HO B (TN IC L o 2 ) 0 —2 2+ 5.

1950F10A 1 HIZEEx W - EBBATEORET L - ~ %
HFHEORBE A THRELBAL. 0TI
EnhtoT, BESCEBEAERBCIEEL, 2o
[RHRAE 2L HL A 5 2500m Rt o BRAE - v 2 FHi2 a8 xt
Bk L LUEY, 55022500mEoEBIzwAELS,
2000m 3 O HARE T O ER - EI R E —ET 3 59
IEERALME R T4 - 7. EEHE 2 LW oA
FHTAEODHRIZOVT, FEiMh - BN —EHA 35 &
Jiz Lide.

R AIZWE s 2H 20T, MEIZHEYT 3
L BEHFFEL LS DT, HRIZV L 5 2T
(&, 19004, 1951%, & & FL9S3FIZfTa by v 7
VIREBE,GBRALE., ZoOFHAIZVE s WL TERIL
Hr TN LY, 2000mEMOmBEL L F0E
- R A BT s L L, PORERMNE LN
BEES LIzl WREOEHLBIRT, B2EUH
BH XU LTHS.

ZORBETED S 520,600 70T, FEREIZ10ERMTH
S (&l). ZOMBEEMRIZILTHEOEEIZDOVTH
TETE - 7.

TABLE 1 THE JNIH-ABCC LIFE SPAN STUDY (EXTENDED) COHORT (AGE <10 ATB)
BY DISTANCE FROM HYPOCENTER, SEX, AND CITY

#1 T WF- ABCC a3 35 (9 k) 4 R (JGUBRME S W10 i ) « PR ERME - 7% - A eli il

Distance from Hypocenter

Sex, City 4R B e
%, fh Total <2000 m 2000+ m Not in City
it Pz w2 b o 223

Total &t 20609 5818 9766 5025
Male B 10139 2853 4823 2463
Female 4 10470 2965 4943 2562
Hiroshima /5 % 14909 4341 6880 3688
Nagasaki £ W 5700 1477 2886 1337

Sources of Information on Tumors. Transcripts of
death certificates are routinely obtained for all deaths that
occur in the cohort.?! Death certificate notifications
in these two cities are about 90% accurate as to cancer
as a class*® even if not always correct as to specific
site. Moreover, they have the very great advantage of
being complete. (The vital statistics reporting systems

BEOEHRE. CoOMERIIFIARLC o0 TIE, 5
CRBH0E LAEMMICIARTENS LI T LT
3.8 R BEHIz B 3EC2ET o MFER L,
War—DOORBFI® ELTHMOM- 2HE, FH190%TE
BEIEWETH 2 A, BN ALHECEMEI RV

*The official family registration system based on a permanent address (honseki) Changes of address and vital events must be reported to
the local office of custody of the records. The record itself is the koseki, the office of custody is the koseki- ka.



in Japan, together with the special arrangements that
have been made by the Ministry of Health and Welfare
for the collaborative Life Span Study, ensure that even-
tually we learn about more than 99% of the deaths that
occur in sample members, anywhere in Japan.?!') About
95% of the transcripts are obtained within a month or
two after death, but the remainder, pertaining to persons
who have moved their legal residences to other places in
Japan, are sometimes delayed as much as 3 vears. We
believe that our death notifications are essentially complete
through 1968, but a small proportion of 1969 deaths may
be still unreported.

In addition to learning about malignant neoplasms that
were reported to be underlying causes of death on death
certificates we have searched all available sources for
diagnoses of tumors. These include the autopsy files of
ABCC (which date from 1948 in Hiroshima and from
1951 in Nagasaki), of Hiroshima and Nagasaki University
Medical Schools, and of all hospitals in the two cities
which perform their own autopsies. Since 1961, the
autopsy rate for deaths in the LSS cohort has been about
36% ** although prior to that time it was much lower.
The surgical pathology files of the same institutions have
also been searched for tumors diagnosed among members
of the cohort. Finally, we have utilized the ABCC medical
files and the Hiroshima and Nagasaki Tumor Registries.
The medical files at ABCC pertain to the members of the
sample for the ABCC-JNIH Adult Health Study (AHS), **
a subgroup of 20,000 persons out of the larger cohort of
109,000.  The tumor registries, with which ABCC
cooperates, are activities of the respective City Medical
Associations, and were started in May 1957 in Hiroshima
and in April 1958 in Nagasaki.

Sources of diagnoses like tumor registrations and surgical
pathology files, unlike death notices, are incomplete. If
the patient does not seek medical care for an indolent
tumor such as some forms of thyroid cancer, or if medical
care is given outside of the two cities, we do not ordinar-
ilv learn of the diagnosis unless it later figures as a cause
of death. A further advantage of death certificate data
is that direct comparison with published official vital sta-
tistics is possible, whereas there are no comparable external
data for rates based on other notification systems. We
therefore treat separately diagnoses found on death notices
and those obtained from other sources.

Dosimetry. The dosimetry system used by ABCC ** rests
upon theoretical and experimental work done by collabo-
rators at both the Oak Ridge National Laboratory ** and
the National Institute of Radiological Sciences of Japan. *
Many thousands of field interviews have been made by

DEH5. ELIZFCLIB B OSESMEL v
HICRELARA S S, (HEIZHT5 ADRERE L
GG 5 I FAEBORGHEERD 72 012555 A
o RIERICE T, ARENO YR 58
BEORECOI%L LIzonwTOMBAATFENRS LS
Ch-Twa.2) HEBWMBEOE LOHSY%IL, FEk
L-22RRNIZAFENEY, 20H00L0 13458
RO S - FT, FOAFIIELBIET LI LG
H3. V9BEFTHREECIIDVTIE, 20RCEBHED
AFHVERMIEL2THALEZ SN ZH, 19694 DIE
ClonTHIL{PHEF o RAFREE2 I LA
na3.

FECEZHMCHERE Lt sh v s EEFEme
DVTOHBMERIE» I, WEOZHIzIowTH 4~
TOE#REE W T4bs, EBEEHIHVT
HIM&E T4 - T3 ABCC 0 itéd (1K TIL 19484 2 5
£ W TIE19514E A 5 BEME), MATOREEFEE &
U2t mMNOBRRIEET S8 RS2 /-
61EELEO R GRES R I T3 2+ 5 54
UL, W% THEH, TAUMEAAVEETH
fo. BAWESRE TG & LcFshAg e mmt
L7, LEOWRIENRONFEFEREL S LB
& 512, ABCC MESEEH LIRS - B o G 2 &
DEFEE LRI L. ABCC mESE$E, HalHED
K54 109,000 % » sS4l L 7220,0004 02 & 5 THERK =
115 ABCC - Tl ARBERE? o BECHMT 260
Thd. ABCCH AL TV A2MEESHIL, EHeE
WHOFEMEHNEE LTV 40T, EBTIH1957E
5 Az, EWFTIL19584E 4 A IcPZx hrx.

MES S A RHR RTINS, LB MoEs &1 -
RENVARETHE., T4bt, HEHOPRIED &
I B OB IC OV TAEFBRERDLVEES,
FAERFBELATTAbAAEESIZE, FEEE LT
BEMBSAZVAENZ20BMITBEEAFETE L L,
FECBMEoRECIE, HofEtss. T4bb, 2
OFEHE, AR TR A ADBEEE & EELET
5. LAY, hoH&GHIE T B L Ttk
BTELLIRNMOF— Y EBFELLVOTHD. £
¢, ECRHHEROER Lo E-E» 518 5 h
BT &z, BlAIcH RS .

MEBAE. ABCC THW LA T VSRR EEIL,
Oak Ridge National Laboratory? 7% & U |2 M ST 4R [E %
B AR OEFMREHIITE - RN L PHEER



ABCC investigators to obtain the detailed information
about each survivor required to enable estimates of the
“air dose” at the place of exposure, and the attenuation
attributable to the shielding configuration in which he was
located. The dosimetry system provides individual dose
estimates that are believed to be accurate to a factor of
+30% or so. Separate estimates are made of the dose
from gamma radiation and from neutrons. However,
neutrons were of importance only in Hiroshima,*! and
here we use simply the “total dose” that is, the sum of

the neutron (first collision) and gamma doses in rad.

DEATH ATTRIBUTED TO CANCER

Table 2 shows the number of deaths reported as being
due to leukemia and to other cancer through 1969 among
those less than 10 years of age ATB. Leukemias far
outnumbered other cancers from 1950 to about 1960, but
from 1965 forward the situation was reversed. The first
cancer death not ascribed to leukemia occurred in 1954,
when a girl died in Hiroshima from lymphosarcoma. This
girl was not an A-bomb survivor, but a member of the NIC
component of the sample. We shall henceforth confine
our attention to the period beginning 1 January 1955; evi-
dently, apart from leukemia, there was no evidence of
radiation carcinogenesis prior to that time.

MFRICET L DT H A, HBREOBBHSIT 515
ERMME S I 2 OSB3 5 AR T & 3 kot
MOBRPERE T30 X ELRMAHEBLES 70,
ABCC OEA A M A & OHIBRE 122> W T @A mHES
HETL 72, ZOBBNERCE > T E30%0 iR
HTDEELLNAMABERE AT EE ST O
. ArvvHBEPHETRRE ML CHELE. L
LaA s, piEFIREBY tE0TOSHEEEN S 5 H,
AMETIHHBER, T4abs, rad BiIohd TR
(—RGE) LA v wBEE2GHLALOER VL.

BICLBET

TR E M A 10RE M 0 E 125 13 2 1969E £ TOFEC O
the, FERAAMA L & 0% O fthoy BAERF 4 & WG &
N EFR2ICRLL. 1950 A 519604 25 £ UL,
BIHLHEA DD L D £125 1250, 196581
EE O LT v a. BRI OREIZ & A W
DIEC L, 1954E12a R, 2, KB bery
PP TIC L AR THE S, oLz EmRE T L
o MBBTHROFHRIZIGAL S AHEIBLTVEETH
Sz BT, Wik, 19554 1 0 1 H LI @R 2R
ELTRFEZTEI2&1243; 20 LETIZIE, H
M & BRSO 12 & 2 MO HIEL B8
niahs 7,

TABLE 2 DEATHS ATTRIBUTED TO LEUKEMIA AND TO OTHER MALIGNANT
NEOPLASMS, LIFE SPAN STUDY COHORT, AGE <10 ATB
#* 2 Em AL U2 O BERITFEWIC X 33T HK,
Vi MR IS 4F e L0 5 i o0 93 6 8 7 4] % 3

Other Malignant
Neoplasms

Z Db o Bid:fr 4

Period Leukemia
It i H M #5
1950-54* 9
1955-59 5
1960-64 8
1965-69 4
Total & it 26

*From 1 October 1950 19504108 1 H & & o {4

The 22 deaths during 1955-69 from malignant neoplasms
other than leukemia are listed in Table 3 in sequence of
occurrence. The diagnoses shown are those given as
underlying cause of death on the certificates. However,
in 14 of the 22 cases antemortem surgical pathology diag-
noses were available at the time of death. Five of the
cases were autopsied, including three in whom no surgical
pathology had been done. Six had had surgery for the
tumor, including two cases for whom neither surgical

B I LA BB TR 12 & 3 1955 — 694F 0 FE (2247 %
FEFROMIZE3IZRL 2, 281, FECBEECEE
HeLTiEMeshTwi3EmTs3. LarLl, 2024
PR S>WTIE, T bh s BmEERE D &
SHMTASECHERIZHM LT v, 5 FIi2sgE 213724,
I BESHZOVTIRERMICHRIRESRE AT b T Y
Ldode. 6FIEIESO~-SIZHREREZHTBRN,
FORD2HNIOWT BT EREOMELIHRL 4



TABLE 3 SPECIFIC CAUSES OF MORTALITY FROM MALIGNANT NEOPLASMS OTHER THAN LEUKEMIA
1955-69, LIFE SPAN STUDY COHORT, AGE <10 ATB

#3 BAMFLOBEFEYIC L 2 CHEOFER, 1955 - 694, JRRRFEM 0S8 RM O H mHEL R

Case MF No. cg:‘\* igl'eﬁ ];‘5((355&9 \]'-)G::t]:)f Underlﬁié\fﬂfjétéﬁigia]?;ath from
Ef &S EARBHES MH - S FRGES  (rad) FEC HE BN EORER
Al NF 9 233 1958 Carcinoma, stomach LR
A2 HF 6 0 1959 Carcinoma, stomach 8
A3 HM 5 282 1961 Reticulosarcoma 048 1) il
Ad HF 6 NIC 1962 Carcinoma, ovary 1 NE 5
A5 HM 2 291 1962 Sarcoma, right ileum 4 (6] B8 P AR
A6 HM 6 NIC 1963 Pulmonary carcinoma il 388
A7 NM 6 NIC 1963 Sarcoma, bone A P R
A8 HF 9 449 1965 Sarcoma, right thigh 5 L 5 1)
A9 NM 9 200 1966 Cancer, pancreas e B 488
Al0 HF 5 NIC 1966 Cancer, rectum [l
All NM 8 164 1967 Sarcoma, prostate 17 A7 g P Bl
Al2 HF 4 0 1967 Cancer, bileduct B 46 385
Al3 HM 2 NIC 1967 Carcinoma, stomach R
Al4 HM 8 0 1968 Carcinoma, stomach &
Al5 HM 8 NIC 1968 Hodgkin's disease Hodgkin #3
Al6 NF 9 0 1968 Carcinoma, stomach %
Al7 NF [} i 1968 Carcinoma, stomach | %
AlS NM 1 NIC 1968 Sarcoma, pleura iy S 49 il
A19 NF 7 NIC 1969 Carcinoma, stomach 9 &
A20 NM 6 72 1969 Cancer metastatic to liver A Bz i85
A2l HM 4 1 1969 Carcinoma, stomach ]
A22 HF 3 NIC 1969 Carcinoma, stomach R

*N-Nagasaki &%  H-Hiroshima /i & M-Male 5 F-Female %
1 Located 1866 m from hypocenter; dose probably very small. i HRE1866m ; Mfitit H 2 5 (B TH B bh 5.
2 Located 1339 m from hypocenter; dose probably over 100 rad.

BRI EL339m, MBI HZ26100rad LETH- A EEDRS.

pathology reports nor an autopsy was available. In short, o, 2FD, 3HIERVT, TNTOEFTIEIHR
in all except three cases records of confirmatory patho- FEHHVEAB ORI L SHENRL L. fa’llﬂ
logical or surgical evidence were found, the exceptions i, ERAG, ABBLUA0THS. 2O 2FIzs
being cases A6, Al3, and A20. All others were verified WL, ZAGLGPOERER S, FhEECBNH
at some level, the only variation from the death certificate Lo sd 2o Eirﬁi] 1A120 & TH - T,
diagnosis being in case Al2, where reports of surgical Z N T R oo 45 B A A R 0130 2 AT I o0 SRS
pathology performed on operative specimens described the e EsnTwaoIz LT, ﬂ:iw [l A e b -
lesion as being a primary carcinoma of the liver whereas frisnas LT,

the certificate named the bileduct as the site.
20 (FEMIALT 5 & OPA20) 1w T ik, BEoMRHE

In two cases (A17 and A20). the radiation dose could not F R & B Gt s ﬁw{é& HRATTEETH o 7. IE
be estimated by the dosimetry system. Case A 17 was BT, EWOEL A 5 1866m ¢ 16 B T B L L & AT,
located 1866 m from the Nagasaki hypocenter, where the COHIE D BT A RS L0 rad TH o L
dose in the open was about 30 rad; however the child was L, ZONRBIZFEEOR WD, Eikids s
in an air raid shelter. where shielding was probably quite CIEWICEIEN T AEE DN S, EMA0E, BWHO
effective. Case A20 was located 1339m from the B A 51339mOEMCHERL, ZOHRIZHITSZE
Nagasaki hvpocenter, where the air dose was about 230 rad. DI HI230rad TH o 7= ZTODEZBIHC VY,
This boy was in the open, but shielded by a large tree in B AR Iz s K EL * 2k THlE ATV A
the direction of the bomb burst. The dose cannot be FOMBOHEIETTE L VA, 100rad ## ATV 2 (C
calculated but must have exceeded 100 rad. JHE LY B,



TABLE 4 OBSERVED AND EXPECTED MORTALITY FROM LEUKEMIA AND OTHER MALIGNANT NEOPLASMS
1955-69, LIFE SPAN STUDY COHORT, AGE <10 ATB

#F4 AMBAEHLCTOMOBEEFEW IC L 3 BBEITCH S L UL, 1955 - 694,
LR A 4 5 L0RE SR ik o 73 o 38 A o S8
Dose Mean Dose Number Alive Person-Years to Desths: from JEC &
e i @R 1 January 1955 31 December 1969 Leukemia Other Malignant Neoplasms
(rad) 1955461 A 1H 19694128 31 H £ 1L % Fobo EEFEY
D TOMEY Oz E'Mirl O/EL® OMKH EvmiEl O/E k#
NIC #iPyiz
Wi B 0 5010 74630 0 1.91 9 5.01
0-9rad 1.4 10729 159660 5 4.09] 0.5 5 10.71 ] 0.59
10-99 30.3 3669 54640 4 1.40 2.86 0 3.67 0.0
100-299 171 599 8850 3 0.23 5 0.59.
300+ 4502 211 3090 5 0.08 19.05 1 0.21 7.27
Unknown B4 299 4470 0 0.11 2 0.30
Total it 20517 305340 17 7.82 22 20.49

1 Based on Japanese national death rates for 1962 using rates for 5-year age intervals applied to the cohort experience.
ZTHEBFEHOVIRFENECE IR TOTED, TO0IF—- PEHTAERCSEEMBERNOE LA L 7~

2 A small proportion of the survivors are credited with suspiciously high estimated doses. We have therefore arbitrarily used 600 rad

for all 51 persons with estimated doses of 600 rad or more.

HEbhLVELromuMR#EEMASLIonTwARBRELETH 3.

wLTid, TEMIZE00rad & L 7.

During the 15-year period 1955-69, among those with
dose estimates of 10-99 rad, there was a small excess of
mortality from leukemia but not from other cancers
(Table 4); in fact, there were no such deaths, while nearly
four would have been expected at Japanese national
rates, *7

For survivors with doses exceeding 100 rad, both leukemia
and other cancer mortality was excessive, the excess
being highly significant (P<.0001) in each instance. The
ratio of observed to expected mortality was more than
twice as great for leukemia as for other cancers in this
high dose group, but the differences between observed
and expected deaths (so-called “number of deaths attrib-
utable to radiation”) is about the same: For leukemia,
there were eight deaths contrasted with 0.42 expected,
and for other cancers there were also eight deaths, with
1.1 expected. We have arbitrarily included the “dose
unknown™ group with those of known dose over 100rad,
although some of them surely had smaller doses. Most of
these persons were close to the hypocenters, where the
air dose was high. However, they were in concrete
structures, crowded street cars or other physical configu-
rations that made impossible estimation of the attenuation

due to shielding.

There was no striking difference between the high (more

than 100rad or dose unknown) and low dose (less than
The eight
high or unknown dose cases included two each of stomach

10 rad) cases with respect to tvpe of cancer.

Liz#>T, 600 rad I EoMBHEEM2A T 250 H 2R

1955 — 694 £ TOLISHEM 1212, 104 v L 99 rad o it
FHEFETAECAMBICLAFECHPRLE VY, 20
oIz L 2FECOBMIEE A5~ (L4); DAREE
DIEEHETIE, Y AFBEL ABFEI NS00 LT HEE
1Z1E o hDThHS,

FRAEAT100 rad DL Lo #BE T, MLHEHLUZ O
OEIEBFECHE L IHMIILTED, FoMlEut
NOBEC LR CAHETH S (P <.0001). Z08EiE
BRI BT 5 AMF I & 5 BEIECE o MEECH L
FTAREE, oMz aT 2L Lm0, BHEL
CHEMERCHEDE, v40b5, VbW gt
CRETARCEH N LIRERCTHS: HOFHIZELE S
FECA 8ld - ~oioxt LT IE0.422THY, 70
MBIz L ATE4 8flH - 2okt LTSI 1.1
TdH -7/, 100rad Ll EoBRBEMBECIMETH | 0F
EEWLAEN, TORIZEHRBA AL TOHFELETSH -
EILEEL,THE. FORETIE, EABREOH S
POEBEMEOATIZ VA, AL, B L AERERBO
WEATARETHZ A0 ¥ 7)) — FEEMA, i
HEREAHZVEZOMONMB TFIis - tHETHS.

AR (100rad L) R & 728 RTAH) S{EHE (10rad
) oFLroMzBoER I T RERERLDL 5 F.
AR AERETHO SH I HREs L UCRRIES



cancer and osteogenic sarcoma, one each of reticulosar-
coma, rhabdomyosarcoma of the prostate, carcinoma of
the pancreas and # case of carcinoma metastatic to the
liver, primary site unknown. The 14 low dose cases
included 7 stomach cancers, 1 osteogenic sarcoma, 1
Hodgkin’s disease and 5 other single cases of malignancies
not duplicated in the high dose group. The only suggestive
features of the comparison are the relatively low frequency
of stomach cancer in the high dose group (2/8) as com-
pared with the low dose group (7/14), and the relatively
high proportion of sarcomas(4/8 as compared with 2/14).

Thyroid Cancer. Thyroid cancer presents a difficult
evaluation problem. Although some infrequent forms grow
rapidly, metastasize widely, produce symptoms early,
have a short clinical course, and are easily diagnosed,
other more frequent forms grow slowly, tend to have
restricted, local metastases, produce few symptoms until
late and generally are diagnosed early only when nodular
thyroid enlargements are specifically searched for by an
alerted physician or because the patient seeks help. Since
1958 thyroid cancer has been a subject of diligent search
at ABCC in the AHS examinations, which are performed
biennially on a subsample of about one-fifth of the larger
LSS sample. Several reports have been made on the
subject of thyroid disease, and specifically thyroid cancer,
in the AHS. '"'1% Tt is evident, therefore, that the proba-
bility of detection of thyroid cancer in members of the
AHS sub-sample is quite different from that in the remain-
der of the LSS cohort. In fact, thyroid carcinomas have
been diagnosed in 8 of the 1819 members of the AHS
sample who were less than 10 years of age ATB, and in
only 7 out of 18,698 other members of the LSS sample.
The 15 cases are listed in Table 5. None was detected
prior to 1955.

Of the eight cases of thyroid cancer among members of
the AHS, five (cases B2-B6) apparently were first detected

at an ABCC clinical examination.
113

All five were included
in the report by Wood et a In case B1, carcinoma
of the thyroid was found at autopsy and two more cases
(B7 and B8)sought medical care because of their thyroid

problem.

Among the seven cases not in the AHS, five came to
attention because they sought medical care, and in two
instances the thyroid malignancies were found at autopsy.

Since the case-finding procedures were so different in
the AHS portion and the remainder of the LSS cohort,
the occurrence of thyroid carcinoma is analyzed separately
in the two components of the sample (Table 6). A rela-
tionship with radiation, significant at the 5% level, was

[s3s]

e 2 G, MMHEPANE, A0 o B N, BERES b
F U RS T U OFBIERS 2% 155 7. (B
OUBIRIZEC T, BEAL 2L E TH, SHE]
W, Hodgkin #i 1 & & &M BB IZBL N LD o 7
SHHOBERERYFE LN F o b OB TED
SNME—DRIEM G R#IE, BERB ST 2080
B (2/8) %, EERBCHEITEZFN(7/14) 100~
THMMIZECZ &, 25 CIAEOS & AT 12 5
WZETdH- (2 Flz s T4 78 ).

FRARRR R, FFIRDRM (2 B4 2 BT AR 12 v (R 72 RARE AT 2
Thbhb, TR, EBTHFRET, EGEEOCERE L
VR, 6 0ER S, BMELBIET, B8
BN 2BEOLDLEH 2, £ 3 RTFHIEG T,
R CIREEOHEmA S0, BHIZES 2 CHERI DA
Wbz, RRCBCE AT BERIC & o TS R
BRIZOVTOMBEMZREA TorbhaHa sy, b
P0iE, BEIEMERDABSG LI UOLRIMZBE
ENBP6THE. ABCC I2d 133 KL BEIEL
REOMST0 Ll TR 23 R ARERASEN R E -
WT2EZTE T A2bNIBEOMRC, BRI 2+
BRI ANIBES ST 4 bR T VS, o A6
B BB IC DV T, REIRIRE AR, Rz IR IR 0 1
LTV 2208ENFH 2.8 LA 5T, AR
AT RIS THIRIRE B S W 2R, #Bh
HESEBORAOE ZH TS FNEFIENRIRL 52
EIEBS A TH A, ERFIZHEOT, WA MRHERESA S
D5 5 O HRERE 5 A 1085 Rl T H - 72 H1819F, v rh A
O 8l AERIRIE BT wsozd LT, Bal
TR BRBIIE T ARAEDIS, 69Fth 25 b Friz THH
REENTWHALLTELVDTHE. ZOHIGMHE L5
AL &k, L955MELIEIIEREALZLDIE 1
E .

WAMRBEREGREBEICH TS SHORRIGED 5 & 5
(FEffIB2 —B6)1x, & L{ABCCOEERKZE®IZL -
TREHTHREENAEZLOTHS. Zo5HITFRE
Wood 5OMEIZHEENTVAS.® EMBLIX, HfHz
Lo THRIRBAPER XN, 201320 26 (FEHB7
HFLUB8 )L, BIRIEMEDLHIZIERERD-ET
h 3.

WAREEEGSBCE L Ty e THbho 56, B
WaeROTRBLALDIZIER SN, 72, ho 21
Bl TRKIRO BHELE BN AETH S,

MARERER R LT3 B L HGRHESRTEORS
DHEEOMTEMNMM FEIIEBIZRL 3720, Bikig
BWOREIZODWTORIFIE, ZOZ>OBBIITL -~
(#6)., TN FTNOBIBVTS %O KETKIESE O
BEZHMEI B sk, RARBEAEHICE+ 210 -



TABLE 5 THYROID CARCINOMA 195569, LIFE SPAN STUDY COHORT, AGE <10 ATB
£ 5 R E B 108 RN 08 G A BB BT B PIRILE, 1955 - 694F

Case MF No. City, Age Dose First Diagnosis & o & lif Confirmation

SEa Wase o St ATB nE = ¢ - Wik
ki 1 3 B < AR 2
ERER EELWER L Aan e (rad)  Year T Source i ik

Adult Health Study Cases B A ff i 38 547

B1 NF 5 0 1955 Autopsy ! ## Autopsy #lIH
B2 HM 6 208 1958 AHS R ABEREMF Surgical #HFHH
B3 NM 6 304 1960 AHS s =
B4 NF 1 425 1962 AHS s

B5 NM T NIC 1962 AHS S

B6 NF 6 175 1963 AHS S

B7 HI 8 67 1966 Med. Ref. 4 S

B8 HF 1 284 1969 Med. Ref. S

Cases not in Adult Health Study M ABRHEE I IZE L 7w 4 o

B9 HEF 2 9 1955 Autopsy? A
B10 HM 2 0 1963 Med. Ref. S
Bl1 NF 5 16 1964 Autopsy 3 A
B12 HM 7 20 1965 Med. Ref.4 A
B13 HF 6 72 1965 Med. Ref. 5
Bl4 HF 0 71 1966 Med. Ref. S
B15 HF 1 5 1969 Med. Ref. 5

1 Death certified to “acute spinitis.” FECC B MIERM LI AEFH L | TH o 722
2 Cancer of thyroid an incidental autopsy finding; cause of death, leukemia.

AR S MR OB BT R T & - 72 FERIZ A MR,

3 Death certified to “symptomatic heart disease.” Principal autopsy diagnosis adenocarcinoma of the thyroid.

FEC AU M PEENE [HERECRBEL | Th - A, F 50 H I PR o B,
4 Patient died in 1969, Death was certified as caused by “cardiac asthma.” Principal autopsy diagnosis was
carcinoma of the thyroid, with widespread metastases.

AFNLI969E (FEC L2, FECRITHERGTLEME |Taok, LA L, ZEARBHIEREOER 2
o BRI T H - 1.

TABLE 6 OBSERVED AND EXPECTED CARCINOMA OF THE THYROID GLAND 1955-69, LIFE SPAN STUDY
COHORT, AGE <10 ATB

#£6  FURNME O MR & & UM, 1955 - 694, FURMEMRIGERBOBGRHE S SR

D AHS e A fil i 38 7 % Remainder of LSS #arMEMR O KR OB Total LSS & MR 204
ose
2 Relativ Relativ Relativ
i At it Persons ! O/E lgi;k":;e Persons! O/E 2 Rcisik];'e‘ O/E ﬁi:ki;e
A ¥ B M AR MRy S 1 ¥ W /TR M MO R MR K MR MM YA
NIC or 0-9rad
Rz VS o T . ey
BEO—9 1008 2/4.4 1.0 14731 3/5.5 1.0 5/9.9 1.0
10-99 377 1/1.7 1.3 3292 4/1.2 6.1 5/2.9 3.4
100+ or unknown
100+ & & UMELT M 434 5/1.9 5.8 675 0/0.3 - 5/2.2 4.5
Total & &t 1819 8/8.0 18698 7/7.0 15/15.0
X2 6.6 7.6 7.7
(2df BHEE) (P<.05) (P<.05) (P<.05)

1 Survivors as of 1 January 1955. 19554 1 B 1 HREDEHH
2 Expectations obtained by applying the total rates (8/1,819 and 7/18,698) to the individual population sizes.
Mk, hfhofAce2EoE (8/18195 L7 /18698) & b T TED -,
3 Risk relative to the NIC or 0-9rad group as standard. fHXAYERRE L, FRNICV LA AW LU0 - 0 rad A IHEX L TR 2,

9



found within each component. In the AHS 10-99 rad
dose group, the relative risk, compared with the NIC and
0-9rad group as a baseline, was nearly two, and in the
high dose group (over 100rad or unknown) was nearly
six. In the “other” component of the LSS cohort, the
relative risk was more than six in the 10-99rad group,
and no cases occurred in the higher dose group. However,
Even if, in the “other”
component, the relative risk in the 100+ rad group were
truly six times that in the baseline group,
0.8 cases would be expected. The fact that no cases
have yet been noted in this group, therefore, does not
necessarily imply that the risk actually is low.

the numbers are very small:

still only

Other Tumors. In addition to the malignant neoplasms
that were certified as underlying cause of death, there
were 33 other persons who were diagnosed as having a
tumor, apart from thyroid carcinoma(Table 7). All definite
diagnoses of tumors are included, whether malignant,
benign, or unstated as to malignancy. Not included in
Table 7 are eight cases in which the diagnosis was of a
“suspected tumor” or in which the reported diagnosis
was incomprehensible. These are shown in Table 8.

The earliest case, CI, with an
estimated dose of 47rad, who died in 1952 from a “brain
This death was classed as a “neoplasm of
unspecified nature” according to the International Classi-
fication of Diseases (ICD), and hence is not included in
Tables 2-4 as a death attributed to a “malignant neoplasm”.

was a Nagasaki boy,

tumor.”

The distinction is perhaps somewhat artificial, but it was
necessary to follow the ICD coding rules so that national
death rates, which are based on these rules, might be
used as a basis for calculating expectation.

Six malignancies and one benign tumor were diagnosed
among the approximately 1100 children with doses ex-
ceeding 100rad (or unknown). The malignancy rate was
more than six times that in the children who were not in
the cities or who had doses estimated to be less than
10 rad (Table 9).
1960 in all dose classes as these children came into
adulthood: In 1960-64 there were 11 tumors, including
2 in the high dose group, and in 1965-69 a total of 18 tu-
mors, of which 4 were in the high dose group.

The tumor rate increased rapidly after

The kinds of tumors represented vary widely, and those
diagnosed among the children who received large radi-
ation doses do not seem to differ remarkably from those
diagnosed in the other groups.

10

POrad HEBEEFE I HF VLTI, HiRIZVEL S AEBLY
0 -9 rad HBEZEABE LTSS L, B
ERIIFEAE2IZEL, £, B4 EHEBHEB(L0
rad D) L E A3 ETE) TRE6CEVIEFED LA
. BREWESRBOIRA)OBTE, 10-%rad #
ﬂ?x%‘!‘#:‘I’féd’ﬁk\frﬁl"}f'”ﬁﬁiﬁ(iﬁw}‘é‘%U ri A A

FHICZ1MEadh o7 LaHL, FIEEEEIZDL
Tahb, Fﬁ-’mm'ﬁ*mi 100 rad Ll Lo EilzH1T 5
AT A e R A, EARGLE L THOARICE T ERC
GfELEMVWEAIIE LT EL Y, MFHE 0.8+ &
o, LENST, COBIIERD LHALER N
TWLZVBZ e, LFLEBHORBRAERCLL S 5

EZERTRTLOTHZ V.

FOMOMES. EHEHEMHFIER T H - ZEHOIEH
1z, FRIRELLSAO 2 A 5 > Ol & BHFEhz b0

B b -7 (£T). BiEAL;, BMEAL, b20VEELEED
REAPZwe02r2Mb+, BWORMERE LIRS O 2 %
ZZUIEW, BWaATREOREw EEaNTVWAE

BIUBMEFTHELEOIBHITET 28D
FBIZAL

L

Fe#izao 5 26, FEHECLIE, BRHEEM A 47 rad
T, 19526 (ZT I &S | CHEC LA B LETSH 5 4~
FEREHBESETE, ZORCEEHTEOHEW] &
GHENEE0OTHEEYD, B2 -F4ETIITRLE
TEEHEM I E3ECHIIEEEIATV LY. 205
PP AL L L 0THH, ERERTHORNEHR
Az FEon TER SN A BAEE O CH & WFEIFR
OFFEIZRBF A0k, FRERUCHBRIIZRE) 08
ook,

AL AT100 rad Ll k(& 7= IG8ECRER) 0 FF911004 s

Bimb e st o6, BRYEMESIELH
ol BERBOEL, Fﬁrf\]::u@;b‘-;f;ﬁﬁ.ﬁéwli

MBHEEME A0 rad RMOBIZLRTOREL LETH S
(#£9). 1960FE LI IE, Zh 65D E?ﬁ‘ﬁfﬁﬁﬁlu%’!‘%
1208 - THRIG O B (F 3T OMEBE Iz 5w T a8 8
Liz: 4 bhb, 1960 -644 (X1 LD, 20
56 2FIEMESMECTH . F LT, 1965 —694F 12 1%
FEEA &1 H, S b 40 EHRRETH - 1.

B s oMBITECEECIbLZ, THEY,
Etf?)fl\Eﬁc_i—..L\Tpﬁ‘&ﬁéntﬂif’rm@tﬁli,
B3I EAZELVEITHS.
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TAB

_E 7 DIAGNOSES OF TUMORS® LIFE SPAN STUDY COHORT, AGE <10 ATB

£7 NN OB, R E 610 O 4 G 3 T
Case MF No. Cjtj\i.r Age 7 Dose Year - f)in_m;n;i; izl o
SRR A AmEE Sex ATB R i 1 nst™  Kind® - T
#0E - PR T R O (rad) b ik
C1 NM 9 47 1952 K € Brain tumor i [N 45
G2 HF 3mo. A 5 1958 B R Hepatoma I I
C3 HF 6 mo. 1 1959 K o Calcifving epithelioma BORAL 1 bk RE
C4 NF 2 252 1959 / S Squamous cell cancer, scalp AT L A e A
C5 HM 7 91 1960 A ) Mucoepidermoid cancer, parotid H T iz kB2 &
Cé HF 3 NIC 1960 A S Astrocytoma S AR R e D
C7 HF 8 84 1961 A 5 Fibroadenoma 4L HIE
Cc8 NM 1 o i 1961 A A Ependymoblastoma
c9 HM G mo. 30 1962 C 5 Reticulum cell sarcoma
C10 HF 8 NIC 1962 K S Mixed tumor, parotid
Cl1 HF 5 NIC 1962 E C Carcinoma, uterus
€12 - HM 8 NIC 1963 G ¢ Ependymoma |- 2 #fH e
C13 HM 7 NIC 1963 L 5 Mixed tumor, salivary T 7 AR 1 5 I
Cl4 HM 6 933 1964 A 5 Mucinous cancer, stomach TR TG 1
Cl15 NM 8 NIC 1964 A A Parathyroid adenoma b 12 4 ARG
Cl16 HF 8 119 1965 D S Malignant myoblastoma T i 2 A0 B
C17 NI B NIC 1965 A A Astrocytoma AR A M B
Cl8 HF 2 14 1965 D S Chorionepithelioma RN |- R A
C19 HM 1 0 1965 D S Giant follicular lymphoma BAiFEREY 2900
Cc20 HF 6 0 1966 E S Secirrhous cancer, stomach 1 R
c2l HF 1 NIC 1966 F 5 Astrocytoma AR A0 i e
c22 NF 7 1 1966 H S Endometrial sarcoma uterus 5 PN
C23 HM 6 8 1967 F S Mixed tumor, submaxillary [ Tl 1
c24 NM 9 NIC 1967 1 S Adenocarcinoma, rectum B G gt 44
C25 HM 4 0 1967 E S Adenocarcinoma, stomach JEN e
C26 HEF 8 NIC 1968 F S Infiltrating duct cancer, breast FLFF 421 1% 55 o4 ¥ 4%
c27 HF 7 NIC 1968 F S Adenocarcinoma, breast
Cc28 HF 8 106 1968 G S Adenocarcinoma, stomach
€29 HF 3 174 1968 C S Leiomyoma, uterus
C30 NF 9 mo. 52 1969 J S Fibroadenoma, breast
C31 NM 3 mo. 21 1969 J S Papilloma, soft palate
C32 HF 6 0 1969 Cc S Adenocarcinoma, stomach
C33 HF 2 240 1969 C 5 Skin cancer

* Excludes leukemia, thyroid cancer and deaths cer tlf;ed as due tu mallguanm see text.

B s, FRREE L UFECRERE IR A B R ¢y AR
#* [nstitutions: A. ABCC l"*"ﬁi‘éf“

14 B. Hiroshima A-bomb Hospital T B 5T
C. Hiroshima Prefectural Hospital [y AT ,l.jj i I
D. Hiroshima Red Cross Hospital s Nl
E. Hiroshima Citizens’ Hospital 15 W ifi B 9 F
FF. Hiroshima University Hospital Central Laboratory I Bk &g
G. Hiroshima City Medical Association Laboratory RSTHEMZERMEL > 7 —
H. Nagasaki A-bomb Hospital [
I. Nagasaki Citizens' Hospital
J. Nagasaki University Medical School
K. Private Physician or Hospital
L. Hiroshima University Medical School Pathology Departments

T Kind of Diagnosis: A Autopsy
W A S Surgical Pathology
R Radiological Report
C Clinical Diagnosis, None of Preceding L3 Ll fho
¥ Dose unknown; located 1534 m from hypocenter — air dose about 110 rad. #2176 ;

At oy T o

T, ZOHEOEDHEIZHNI0rad.
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TABLE 8 REPORTS OF “SUSPECTED" TUMORS EXCLUDED FROM ANALYSIS
# 8 AT A SRRILAMG OGS D | & ik g5

Case MF No. City, Sex Age ATB  Dose Year Diagnosis
ARG SR EEER e g PR i it 3 b

D1 NM 3 15 1958 Suspected Hodgkin's Disease
Hodgkin # @ £ 2

D2 HF 6 NIC 1962 Glioma of left elhow
7 ek R 30 0 4 22

D3 NM 3 17 1963 Suspected Hodgkin's Disease
Hodgkin %5 o) 8 12

D4 HM 3 0 1963 Suspected cancer, rectum
0L 115 %% 00 B L

D5 HE 3 NIC 1965 Suspected choriocarcinoma, uterus
I Ak R o) B

D6 HM 8 NIC 1967 Gastric polyp or cancer (X-ray)
WA — 7% 2128 (XHHE)

D7 HM 9 NIC 1967 Suspected cancer, lung
i 5 00 BE

D8 HF 7 555 1968 Suspected leiomyosarcoma, uterus
F T 0 PR o B

TABLE 9 TUMOR NOTIFICATIONS® BY RADIATION DOSE AND MALIGNANCY, LIFE SPAN STUDY COHORT,
AGE <10 ATB

#£9 IR ECT: R - SRR R, SRS G 10RE SR 0 B T A R B

— Malignant M 4% Benign & #
Dose Persons - : -
Tumors i 715 {7 ¥ O/E Relative Tumeors [l 785 7 £ O/E Relative
T 5 Tt A ¥ e el i Risk 3 B oo bl 6 Risk T
O MIEH E WiF e 6 T Bl 2 OM%EH E Mk -l FH & 0 s [ 2
NIC iz . "
Wh o g 4096 8 5.87 1.36 :I _ 3 2.20 1.36 ] —_
0-9 rad 10671 6 12.54 0.49 2 4.70 0.43
10-99 3650 1 4.29 0.93 1.23 3 1.61 1.86 2.70
100-299 592 4 0.70 5.71 1 0.26 3.85
300+ 207 1 0.24 4.17 6.12 - 0.09 - 2.88
Unknown T8 299 1 0.35 2.86 - 0.13
Total & it 20415 24 23.99 9 8.99
Xz (2df AN 18.27 2.29
(P=.0001) (P>.10)

* Excludes leukemia, thyroid cancer, and deaths certified as due to malignancy; see text.
A, PRRES S CRCBEREEAP BT EMTH oL BB AXEM

#% Survivors to | January 1960, 1960 1 B |l HREDEHFEYH
T Risk relative to NIC or 0-9rad group as standard.
fxtrEmEE, TRV EP>2BHHEELU0— 9 rad BEEBEL L TRD .
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DISCUSSION

It is striking that, despite wide differences as to case
ascertainment and nature of tumor, there is a fair con-
sistency among Tables 4, 6, and 9: The relative risks for
the high dose group are 7.3 for death attributed to
malignant neoplasms, 4.5 for clinically detected thyroid
carcinomas and 6.1 for all other malignant tumor notifi-
cations. The increased risk associated with high radiation
The
probability of obtaining these results merely as a random
aberration is negligible, since the significance levels for
Tables 4 and 9 are both less than .0001.

doses is not explainable as a chance variation:

There are, however, some puzzling features of the data:
In both Tables 4 and 9 it will be noticed that the rate is
much higher in the NIC group than in the 0-9rad group.
These discrepancies are too large to ascribe to chance,
vet we cannot suggest a plausible explanation. We have
examined the material closely and failed to find an
explanation of these differences in either city or sex
distributions or in the medical facilities employed.

In this connection it is of interest that Mewissen *® has
reported the incidence of thymic lymphosarcoma to be
decreased in mice experimentally irradiated with 9 rems
The
cohorts were defined on the basis of early censuses and,

of neutrons as compared to the control incidence.

in any case, were closed by 1962, prior to the occurrence
of most of the illness reported here. It is, of course, true
that the classification by radiation dose for these children
is practically equivalent to a classification by place of
residence in 1945 and there are undoubtedly differences
in socioeconomic status among the various dose groups,
perhaps especially as regards the NIC group as contrasted
with the survivors. [f we choose to regard probable
socioeconomic factors as a likely explanation of the high
tumor rates in the NIC group, it would seem to follow
logically that such factors might also explain the high
rates in the high radiation dose groups. However, strong
arguments can be brought against this point of view:

Members of the NIC group are, very largely, a combi-
nation of immigrants from rural areas and persons who
returned after the end of the war from Korea, Manchuria,
China, and Southeast Asia. The contrast between such
persons and urban dwellers in the two cities is probably
much larger than the contrast between residents of two
different parts of the same city, especially in Japan where
urban geographic stratification of residence by income
levels is not a prominent feature.

The contrast in rates, in either absolute or relative
terms, between high and low dose groups of survivors
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is much larger than that between those not in the cities
and the low dose group.

An extensive body of evidence exists to show that
radiation is a carcinogen in animals and in man, including
uranium miners ? and radiologists. *

Therefore, although it is not unlikely that differences
among the groups somewhat affect the measures of relative
risk, it seems probable that those children who received
radiation doses of 100rad or more have indeed, as a
consequence, been experiencing a significantly elevated
rate of tumor induction.

It is true that the number of tumors observed during the
period 1955-69 is not large: In what we have called the
“high dose group” there were eight cancer deaths in
addition to eight from leukemia, there were five carcinomas
of the thyroid and six other cancers that we know about.
However, although there are only 19 malignant neoplasms
in total other than leukemia, these have occurred in a
group of only 1109 persons, the oldest of whom is now
only 35 years old. By contrast, even in the NIC group,
where rates seem to be abnormally high, there were only
18 cancers discovered among 5010 persons, and among
the survivors with doses estimated in the range 0-99rad,
only 24 cancers in 14,398 persons.

per thousand, were 17.1, 3.6, and 1.7.

The proportions,

In short, after a latent period of about 15 years - that is
to say, from about 1960 forward, children who received
radiation doses of 100 rad or more began to develop an
excessive number of malignant neoplasms and now, 25 years
after exposure, the accumulated increase is clearly apparent,
with no evidence yet that a peak has been reached.
During the next 10 years these persons will be entering
upon the ages when, ordinarily, cancer rates begin to
increase markedly. Speculation is useless as to what the
future may hold: however, it is clear that this group of
persons exposed as children must be followed closely and

continuously.
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