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BONE TUMORS AMONG ATOMIC BOMB SURVIVORS, 1950-65
RBRWEBREICHAS N AGEE, 1950 — 65 F

HIROSHIMA —NAGASAKI
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INTRODUCTION

Numerous studies! have been made by JNIH-ABCC
to determine the incidence of tumors in a fixed
population of survivors of the atomic bomb compared
with nonexposed persons. Among other neoplasms,
bone tumors have long been regarded as a possible
sequela of ionizing radiation but so far they have
not been studied as a late effect of atomic bomb
exposure. This report investigates the relationship
between the occurrence of bone tumors and exposure
to such radiation.

MATERIAL AND METHODS

The study included all bone tumors, both malignant
and  benign, found among 8179 routine autopsies
and (5,789 surgical biopsies in the [NIH-ABCC
pathology material in Hiroshima and Nagasaki from
1950 through 1965. It should be noted that no
special effort was made to discover benign bone
tumors and no radiographic bone surveys were
performed. Because of obvious bias in the selection
and incompleteness of ascertainment, benign tumors
were excluded from the analysis.

The diagnostic criteria and the classification of
bone tumors of Ackerman and Spjut? were used.
Both the distance from the hypocenter at the time of
the bomb (ATB) and the T65D exposure dose? were
used in studying possible radiation effects. The
T65D exposure dose was estimated primarily by
measuring the slant distance from the epicenter to
the individual and modifying this by a shielding
factor determined for each person according to his
location ATB. Some persons closer to the hy po-
center may have received less radiation than
certain others who were farther away, depending on
the amount of shielding. The Hiroshima and
Nagasaki data at first were tabulated separately
for each city, but owing to the small number of
cases, the data from the two cities were combined
for statistical processing.
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THE FIXED POPULATION SAMPLE

The JNIH-ABCC Life Span Study sample for
Hiroshima and Nagasaki combined consists of a
total fixed population of approximately 100,0004
composed of three groups of persons: those who
were proximally exposed; distally exposed persons;
and nonexposed persons (each group composed of
persons matched by sex and age). This fixed
sample, designated the ST100 sample, is convenient
for evaluating exposure effects since the characte-
ristics in terms of age, sex, distance from hypo-
center, shielding, radiation dose, and other factors
are known for the entire sample.
radiation exposure data and dose estimates are not
available for most persons not in the fixed sample

In contrast,

and there is no established group of nonexposed
persons for comparison. Therefore, it is not
possible to study radiation effects in the non-ST100
group. One difficulty, however, is that the ST100
sample constitutes only some 12% of the approxi-
mately 810,000 combined population of the two
cities (1960). Only 24 (15%) of the bone rtumors
were in members of the ST100 sample.

RESULTS

All Bone Tumors During 1950-65 a total of 163
bone tumors were found in both cities, 30 at
autopsy, and 133 in surgical specimens (Table 1, 2).
Of these, 16 were found at autopsy in Hiroshima
(0.3% of 5916 autopsies), and 14 in Nagasaki (0.6%
of 2263 autopsies). Of the surgical specimens, 91
were from Hiroshima (1.4% of 6682) and 42 from
Nagasaki (1.7% of 2545). A greater number of
malignant tumors were found among the Nagasaki
autopsies, although there were more than twice as
many autopsies in Hiroshima as in Nagasaki. This
disparity may be the result of bias in collection of
cases and in a difference in incidence of different
tumors, specifically multiple myeloma.

There were 76 malignant tumors and 87 benign
tumors. The Master File numbers of the malignant
tumor cases are listed in the Appendix. Multiple
myeloma and osteosarcoma (26 cases each) together
constituted approximately 70% of the malignant
tumors, and osteochondromas and enchondromas
accounted for approximately 70% of the benign
tumors. Of the 76 malignant tumors found, only 25
were in survivors, the remaining 51 being in persons
who were not in the cities ATB. Of the 25 malig-
nant tumors found in survivors, only 5 were in
persons who were within 1400 m from the hypo-
centers.
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TABLE 1 PRIMARY BENIGN AND MALIGNANT BONE TUMORS FOUND IN SURGICAL SPECIMENS
AND AT AUTOPSY, HIROSHIMA-NAGASAKI 1950-65

#l HRHEE L BRI TR 5 N AR RN - BRI, 5 - B, 1950— 654
Total Hiroshima Nagasaki
Diagnoses & ry B i
i I Autopsy Surgical Autopsy Surgical Autopsy Surgical
B hFHFL R ) b IhFHE R 1 i IhEE A1
BENIGN R
Osteochondroma {5 # ) fifi 2 40 2 26 - 14
Enchondroma 5 RE 2 17 2 13 -
Osteoid osteoma it 1% - 9 - 6 -
Osteoblastoma 3l o i - 9 = 2 & -
Lipoma 16 W A - 1 - 1 - -
Desmoplastic Fibroma & & JE2 i #5 s il % 1 R 1 - R
Giant cell cumor B #l il /i - 12 - 1 - 3
Neurilemoma T FE R AE VAR - 1 - 9 - -
Total it 4 83 4 59 s 24
87 63 24
MALIGNANT
Chondrosarcoma %} (AR - 5 - 4 D 1
Osteochondrosarcoma 4 4 i 14 4 - 2 - 2 - -
Osteosarcoma B RE 4 22 1 18 3 4
Multiple myeloma % %1% } fifi IE 20 6 9 3 11 3
Ewing's sarcoma 21— 4 » Y PIjf 1 - 1 - - -
Reticulum cell sarcoma #ll #4400 o (%1% 1 1 1 - - 1
Giant cell tumor 354 5 i Al 455 - 4 - 2 - 2
Angiosarcoma ML P R - 2 - - - 2
Adamantinoma T+ ALK = 6 - 2 - 4
Sarcoma (nos) FIRE ( NOS ) - 2 - 1 - 1
Total it 26 50 12 32 14 18
76 44 32

Except for osteosarcoma and multiple myeloma, the
in the entire
surgical and autopsy material too
permit consideration according to their histologic
type. However, since both of these tumors are
regarded as possibly induced by radiation, they
were studied in some detail. Table 3 shows the
age and sex distribution. Of the subjects with
osteosarcoma 21 (81%) were under age 39, and
19 (73%) were males while 24 (92%) of those with
multiple myeloma were over 40 years of age, and
15 (58%) were females.

number of malignant bone tumors

was small to

Malignant Bone Tumors in the ST100 Sample Of
the 24 bone tumors found in the ST100 sample 12
were malignant; 7 were found at autopsy of which 6
were multiple myelomas, and one, an osteosarcoma
(Table 4). Five malignant tumors were found in the

EPE S KU SR EIE S R T, SRR & O
MBIz 2 EEEMEOENSEsEN L2000
T, HERAICEREIMAAZEATE LD, L
L, MMESS I, MBI E- TS h 3 aaEEr S 5
DTHLEDFMIBETL . 31, 208 LUE
Bt Em . BN 5 520 (81%) 12398 1) F T,
19F (73% ) EBETHY, —F, 2 HMEFHIED S 5
2415 (92% ) (£ 4055 L) ET, 156 (58%) 13 4T & - 7=,

ST 00 EFRICH 3 BEBMES ST 100 #I4F 125K =
N7-FEBEAGF O S 5, 12F1EEBET, SIMTIET 6 A
Ru2Zsh, 2096 6601F £ BES060E, 1 HIE
ETH -7 (F4). BB TE, BEEGSHIER



TABLE 2 BONE TUMORS FOUND AT AUTOPSY AND IN SURGICAL MATERIAL, HIROSHIMA-NAGASAKI 1950-65

#2 HBHEEXUABRHETRD 5 A e SRS, B - B, 1950—654F
Age Fi
Totﬁal H N M F Autopsy Surgical ST100 Non-ST100 Malignant Benign
R OER EE OB & <20 20-39 40-59 60+ FiilR B R Z O ik Bt
Total ## 163 107 56 91 72 32 62 40 29 30 133 24 139 76 87
Male % 91 60 31
Female #* T2 47 25
Age <20 32 23 9 19 13
i 20-39 62 38 24 29 33
40-59 40 25' 15 2§ 15
60+ 29 21 8 18 11
Autopsy #lH# 30 16 14 17 13 0 6 11 13
Surgical HEH# 133 91 42 74 59 32 56 29 16
ST100 24 16 8 11 13 2 7 7 8 9 15
Non-ST100 £ @ fth 139 91 48 80 59 30 35 33 21 21 118
Malignant JE{% 76 44 32 46 30 13 21 24 18 26 50 12 64
Benign Bt 87 63 24 45 42 19 41 16 11 4 83 12 75
<1400 m 10 8 2 5 5 1 4 3 2 1 9 7 3 5 5
1400-1999 5 3 2 3 2 1 1 2 4 1 ] 0 3 2
2000 + 32 16 16 17 15 10 5 7 10 13 19 6 26 17 15
Not-in-city i T E#H 116 80 36 66 50 20 52 28 16 12 104 6 110 51 65
H - Hiroshima 1% N - Nagasaki #®&§
surgical specimens (four osteosarcomas and one shiz. Thabbs, BRME4GHE BEL > £ VIELET

malignant adamantinoma). Apparently, it was by
chance that all the multiple myelomas in the ST100
series were encountered at autopsy, all in females;
while four of the five osteosarcomas were detected
in surgical specimens, all from males. There was
no indication of grouping of occurrence of malignant
bone period after
exposure to the atomic bomb.

tumors in a particular time

Radiation and Malignant Bone Tumors Since the
procurement of surgical specimens in the ST100
sample probably was highly selective and, therefore,
biased, analysis for radiation effects in che
genesis of malignant bone tumors must rest on the
autopsy studies. However, even using the available
exposure data for all cases, there is no evidence
that the occurrence of malignant bone tumors was
related to radiation exposure. Of the 26 persons
with osteosarcoma, only 4 came to autopsy; and of
these, only one belonged to the ST100 sample
(Table 4), and was not in the city ATB (Table 5).
Of the three autopsy cases not in the ST100 sample,
only one was exposed within 2000 m, and was
estimated to have received only 7 rad (Case 1). Of

HoH. INb0EREEBMIER > &84T, ST 100 |12
BLTOEZL3BATH-72. —F, BRESH O S
LAGAPHBHMBTRESH, WFRhLRETH - .
PR 00 R R AT T A I A A % 56 L AT s

WEHR S & CBEBMESE ST 100 £ 412 104 2 41§ #
MOAFIL, sho GRIRNIZITF AL, 22 L0245
BOT, BEAEBRER O RAE 16T 5 S0 ME 4 @iF
FAHIZE, FMAIIESATEES A0, UL, &)
O RRAR TR & B THET U A0, TR REE o) 56
DA BR I BRA D 5 L v I FFRIS M 5,
26045 PANE IR, 4 o & ATE R & 7
LD A4 ST 100 2B L T/ (F4), BEREHN
Wi ko7 (%&5). STIEETIE %P - 728 HH
WD B, 1HO&HF2000mFMTHBL TED, #
EWBRBEIHT 2T rad EMA L) Th o7z, SrRME

IhbsmIy b,



TABLE 3 OSTEOSARCOMA AND MULTIPLE MYELOMA FOUND AT AUTOPSY AND IN SURGICAL MATERIAL,

BY AGE AND SEX, HIROSHIMA-NAGASAKI 1950-65

#3 RS - RO S L USBHENC &5 5 El - BB 2 5 UM £ MR BEIE, 1950— 654

Age Hi
Total Male Female
2 <20 20-39  40-59 60+ 9 4
Osteosarcoma T PIE 26 (5) 8 13 (3 2(1) 3 (L) 19 (5) 7
% 100.0 30.8 50.0 7.7 11.5 T3l 26.9
Multiple myeloma #% 4% ff i fi 26 (6) 0 2 13 (3) 11 (3) 11 15 (6)
% 100.0 - 7.7 50.0 42.3 42.3 57.7
Parentheses, In ST100 sample ()i ST100#F#

TABLE 4 MALIGNANT BONE TUMORS FOUND IN ST100 SAMPLE AUTOPSY AND SURGICAL MATERIAL

BY EXPOSURE DISTANCE, BOTH CITIES 1950-65

F#4  STI00EEAIZ &1 2 BWIEFAED : WORIEME - SUM b & UYMBIRIA, 58 - B, 1950— 654

. Distance T65D
City Sex Age_ at _Death o m i Diagnosis Reference
i i FELCHF s I i =
m rad
AUTOPSY CASES &l
Hiroshima F % 48 910 563 Multiple myeloma % %& {4} #ii i Case fEfl 3
) F 53 1680 11 Multiple myeloma % %P 1 i Case fEfil 5
F % 69 2030 > 3 Multiple myeloma % %% i il
F % 86 2910 | Multiple myeloma % %1% 1 i i
Nagasaki F %« 69 2179 15 Multiple myeloma % % 1% i i
Feuig F % 50 2260 > Multiple myeloma % % 4 i i
M % 23 Nonexposed Osteosarcoma i Pkl
Ik 1R
SURGICAL CASES #HEH1H
Hiroshima M3 18 991 291 Osteosarcoma I AAE
I M B 63 1160 138+ Osteosarcoma 7 PIRE Case fiEfdl 2
Nagasaki M % 33 1322 257 Adamantinoma T 4 LA
L M B 50 1540 123 Osteosarcoma A%
M 3 27 Nonexposed Osteosarcoma T PIff
Ik # 1

* Estimated 138 rad from the atomic bomb. Additionally there was very heavy occupational radiation for which no

dose estimate can be made.

BRI & SBHERMOMEERRIZIEErad, WSO TEROBBLEOBMBMZERL A, Zhz2uTERBOREH T

TABLE 5 OSTEOSARCOMA BY SAMPLE AND MATERIAL, 1950-65
#5  HAM: #AD - FE81, 1950—65

& hu,

Material  ##f

Sample
S Total Autopsy Surgical
i 810 ShFHH
ST100 5 L 4 includes Case 2
Non-ST100 % & fib 21 3 includes Case 1 18 (EMZE&ED)
Total gt 26 g (ERLEEL) o,




the 22 persons with osteosarcoma who were not
autopsied, only 4 were in the ST100 series. Two of
the four were within 1400 m from the hypocenter
(one with a TGSD estimate of 291 rad; and one
whose estimated dose was not available (Case 2)).
The third subject, who was in the 1400-1999 m
zone, had received an estimated T65D dose of 123
rad; and the fourth subject was not in the city ATR.

Radiation exposure information for the 18 non-ST100
patients was unknown,

Of 26 cases of multiple myeloma, 20 were revealed
by autopsy. All of the six persons with multiple
myeloma in the ST100 sample were autopsied
(Table 6) and they constituted 0.24% of the ST100
autopsy cases. The case histories of two of these
six persons, who had been exposed at 910 m (563
rad) and 1697 m (11 rad) from the hypocenter, are
described below (Case 3 and 5). The remaining
four ST100 subjects were more than 2000 m from
the hypocenter. Of the 14 autopsied persons who
were not in the ST100 series, it is known only that
one (Case 4) had been exposed within 2000 m.
Six subjects with multiple myeloma in the surgical
series were not in the city ATB and were not
members of the ST100 sample.

BHL, BiRahiho= 2003 L, STI100 2@ L ¢
WELDBAFIET Eh b ok, 2O 4O 5 2k
LA 5 1400m F 12V 22 (110> TE5D He % 4 48 12
291 rad Th - 2~ A, oot izfez s 4h -
GIEGI2)). & 3 Of (FEH 3 ) 12, 1400—1999m THME L,
ZOTED #EARRIL 123 rad Th £, 84 Ol (5
M4}m,§mﬁ$Wuu&#ot.STwocEéﬁu
182DV T Ik, M MERERL % 5 - 7

FREBMIT26H OS5, 0MEHHRTER s i
ST 10012083 5 £ 5B T 6 04 B 1380k % 2 (#6),
SOEIE ST 100 S D0.24%I1 404+ 3. Zh s 64
DI L 2HE, BRLH A S OB 910 m (563 rad ) &
FU1697m (11 rad ) TH#HME L ~. ZOFEEL T Iz 38+
B (REMI 3 4 L UHEHI5 ). B0 0 ST 100 12K+ 5 4 fA]
(&, HOHA52000m LECHEEL ~. ST 100 iz )g =
BVEIRBIAGI OS5, 1 OB GEF 4 ) 472000 m 5 i
THERL 2. SROREME TR & 02 2% S ED
611, STI100DMBEETE % ¢ e A TR
AbODTHo .

TABLE 6 MULTIPLE MYELOMA BY SAMPLE AND MATERIAL, 1950-65
£6  ZRMEBHME: AR - MBS, 1950—654

Material ##

Sample
B Total Autopsy Surgical
it il b ERa R
ST100 6 6 includes Case 3 & 5 0
({EM 3, 52&T)
Non-ST100 £ @ fth 20 14 includes Case 4 6
(fEf 4 28 T)
Total #t 26 20 6
CASE HISTORIES = Bl

The case histories of five persons with malignant

bone tumors who were proximally exposed to

radiation ATB are given below.

Case 1 (MF Hiroshima, non-ST100). Male,
25 years old at the time of death, had been exposed
to only 7 rad (estimated) at 1694 m from the hypo-
center at age 12. His acute symptoms consisted of
persistent diarrhea and mild burns on the elbow. In
December 1954 (age 21), the lower part of his left
amputated because of an osteogenic
sarcoma, sclerosing type, of the left fibula. In
February 1958, he complained of headache, and a
tumor was noted in the right ulna. In April 1958 he

leg was

ITRREE TR L, BEEIES A 5% L 2~ 5 oBEE L)
TRt + 5.

CURNNE SR 2 [RE ST R
VL FCEIE 258 05, 128 OFE1694m 0 b 5 TR L
7 orad (HEEMA) OB EF AL K E S TR L
WSRO AIE A & 7. 19544125 (218 ), 7 R
O PIME OB IZ £ 0 £ TR & UHF L 72, 19584
SHEEER 2L, ERESOEBIISET VA, RE



developed pneumonia and died. The interval
between the diagnosis of sarcoma and death was 3
Autopsy showed metastatic
osteosarcoma in the anterior mediastinum, both
lungs, liver, pancreas, left adrenal gland, eso-
phagus, vertebrae, right ulna, lymph nodes (peri-
bronchial, tracheobronchial and subclavicular), left
cerebral hemisphere, and right hemisphere of

years and 5 months.

cerebellum,

Case 2 (MF Hiroshima, ST100). Male,
69 years old at the time of death, a surgeon, had
received an unknown amount of X-radiation to both
hands during an extended period, both before and
after 1945. At age 53, he was exposed to the
atomic bomb at 1160 m from the hypocenter (estimat-
ed dose 138 rad), and sustained burns on the
exposed parts of his body. In 1953 (age G1) fingers
IV and V of his left hand were amputated because
of a diagnosis of radiation-induced osteosarcoma.
By 1960 he lost finger III of the same hand, aiso
because of osteosarcoma, and finger III of the right
hand was amputated because of ulcerative dermatitis
and squamous cell carcinoma. According to the
death certificate, he died in July 1961 from a
pulmonary tumor. It is not known whether or not the
pulmonary rtumor was a metastatic osteosarcoma
because an autopsy was not performed. Apparently,
this is an instance in which an osteosarcoma was
induced by occupational X-ray irradiation. The
relationship of the atomic bomb exposure to the
developmentof osteosarcoma is unknown.

Case 3 (MF Hiroshima, ST100). Female,
48 years old at the time of death, had been exposed,
at age 32, at 910 m from the hypocenter (estimated
dose, 563 rad), following which she suffered
vomiting and epilation, and amenorrhea which
persisted for approximately 6 months. In December
1958 (age 45), she complained of pain in the lower
extremities while walking; and in 1959, pain in the
lumbar regions and difficulty in movement of the
In 1960 she suffered dis-
turbance of gait owing to her lumbar pain. On

right upper extremity.

roentgenographic examination, many round defects
were noted in the right humerus and in the ribs.
Albumin and Bence-J ones protein were present in
the urine. Autopsy showed myeloma cells in the
marrow of the sternum, lumbar vertebrae, ribs, and
femurs, and in the head of the right humerus which
was the site of a pathologic fracture. Myeloma
cells also infiltrated the spleen (100 g) and
liver (1700 g).

Case 4 (MF Nagasaki, non-ST100). Male,
54 years old at the time of death, had been exposed
at 1370 m from the hypocenter, at age 39. In May
1959 (age 53) he developed severe lumbar pain, and

40, MFEEHELTICL -, REOBW» 57 2
TOMMIZIES »ATH-7/. FBIZED, HIHERRR,
MG, BF, N, EEIE, fd, W, GRE, U 8
(BERE L, REAEE, MET) EmmEek, H005E

HIZEMME OIS A5 1.
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diagnoses of fracture of vertebrae and aplastic
anemia were made. In January 1960, lumbar pain
persisted and he developed palpitation and thoracic
pain. Albuminuria was present and the NPN
measured 143 mg/100 ml of blood. He expired in
March 1960 after an illness of 10 months. Autopsy
revealed proliferation of myeloma cells in the bone
marrow, especially in the sternum, vertebrae, and
femurs, and of the kidneys, with associated nephro-
pyelitis. In addition, cardiomegaly (530 g), fibrosis
of liver, and pulmonary emphy sema were noced.

Case 5 (MF - Hiroshima, ST100). Female,
53 years old at the time of death, had been exposed
at 1679 m from the hypocenter (estimated 11 rad), at
age 44. At the time, she sustained injuries to her
left leg, which required treatment for 3 months. In
August 1953 (age 52), she developed lumbar pain.
The diagnosis of multiple myeloma was made at
ABCC in January 1954, and urethane therapy was
started. Her urine contained one plus albumin but
no Bence-Jones protein. She died at age 53 on 17
February 1954, approximately 2 months after
commencement of treatment. At autopsy numerous
myeloma cells were present in the marrow of the
cranial bones, ribs, sternum, vertebrae, and femurs;
and in the spleen, liver (1200 g), kidneys (170 g
each) and to a small extent in the lymph nodes.

DISCUSSION

Prevalence of Malignant Bone Tumors Among
various neoplasms, bone tumors are relatively rare.
Marinelli’ reported the mortality rate, per 100,000
population, for bone tumors in the United States
during 1940-50 to be 1.64 and Garrington et al®
reported the rate to be 1.4 for males and 1.3 for
females. Phillips and Sheline? reported the
occurrence of bone tumors, as a result of radiation
therapy for breast cancer and vaginal cancer, to
vary from 0.03% to 0.1%. Seven malignant bone
tumors were found among the 2526 autopsies in the
ST100 sample(0.28%). It is known that the method
of autopsy procurement in the ST100 sample was
biased for certain diseases prior to 1961, but the
factor of bias was almost entirely eliminated after
1961. Although the number of tumors is small, the
rate (0.26%) shows little change when calculated
for the 1959 autopsies in the ST100 sample perform-
ed from 1961 through 1965 (Table 7). This figure is
approximately 2.8 per 100,000 population (Table 8),
apparently 1.7 times that for spontaneous hone
tumors for which no specific cause is ascribable.
This rate is fairly low compared with that of bone
tumors induced by radiotherapy. Nevertheless, the
number of cases was small and the confidence
interval was wide.
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TABLE 7 MALIGNANT BONE TUMORS FOUND AT AUTOPSY IN ST100 SAMPLE,
BOTH CITIES, BEFORE AND AFTER 1960

#7 1960ERTHOMH & ST 1008412 #5 14 2 B © 300 /- B4 B I

Period Autopsies Bone Tumor o
I [ B b A5 8 i i 9%
1950-60 567 2 0.35
1961-65 1959 5 0.26
Total # 2526 7 0.28

TABLE 8 MALIGNANT BONE TUMOR OCCURRENCE RATE ASSUMED (R)
AMONG JNIH-ABCC LIFE SPAN STUDY SAMPLE

#8 TFHf—ABCCHGHMAMRE O EM G O = RESR (R)

Rate for malignant bone tumors in autopsies 1961-65
BRI 513 5 WHEMREIS O S, 1961 =655 L. oo 0.26 %

All deaths among LSS sample 1961-651
BaVESRED ETECE K, 1961 —654F 1 4993

For the calculation of the number of 1SS sample at 1961, September 19602

1961 F O A 5 WA R EBOTL; 19605 9 B 2 e 90772
For the calculation of the number of 1SS sample at 1961, October 19613
961 OB GBI R F RO T 1961 10R 3 89155

Number Januacy 1961, assumed _ o) _ 3 (90772 - 89155) = 90367

R= 4993 x(0.26%) x1/5 _ 0.000028

90367

1. BEEBE GW, YAMAMOTO T, et al: ABCC-JNIH Pathology Studies Hiroshima and Nagasaki. Report 2. October 1950-
December 1965. ABCC TR 8-67

(ABCC — F-#fm Bl AYINTE, IEM - B, 5 248, 19504100 —1965/F12H )

2. JABLON S, ISHIDA M, YAMASAKI M: ]NIi—l-ABCC Life Span Study, Hiroshima and Nagasaki. Report 3. Mortality,
October 1950-September 1960. ABCC TR 15-63
(Fif— ABCC I FE, KM - [, % 347, 1950/E10H —19604 9 H O FF-%)

3. Current mortality of the JNIH-ABCC Life Span Study sample, Hiroshima and Nagasaki, October 1950-September 1963,
Draft for TR, dated 8 April 1965. Department of Statistics Files
(TH—ABCCHGHEMREOMTOIEC R, KH - B, 19504108 —19634 9 H )



Radiation and Bone Tumors
radiation

In reported studies of
as a cause of bone tumors, emphasis
has been placed on internal rather than external
irradiation. In animal experiments, a high incidence
of bone tumors has been noted after intravenous or
intraperitoneal adminiscration, in divided doses, of
a total of 50-60 pc of Sr89 in 8-10 week-old mice.8
Occurrence of similar tumors has been reported in
man and therapeutic use of
mesothorium. 2-11  There
are some reports of the development of bone tumors
Osteosarcoma developed
in bones within the irradiation field in Wistur/Furth
albino rats 440-670 days after injection of 131
followed by irradiation of their skulls with 800 R
X-ray. 12 Cahan et all3 reported that in 11
patients osteogenic sarcoma developed in irradiated
bones ¢ to 22 years after roentgen or gamma ray

from occupational

radium, radiochorium, or

after external irradiation.

therapy. During recent years reports have also
been made of the development
following diagnostic and therapeutic
of bone.l4-16

of osteosarcoma
irradiation

the dose tumors
seems to be larger for external irradiation than for
Woodard and Coley!7 reported
that localized irradiation of less than 2000 R does
not cause any neoplastic change in adult bones.
It can be assumed that most of those exposed to an
atomic bomb radiation dose of this magnitude died
of acute radiation effect,
equivalent to an unshielded exposure at a distance
trom the hypocenter of about 700 m in Hiroshima and
of 800 m in Nagasaki. In the present study the
subject in the ST100 series, who had been most
heavily exposed (Case 3), was 910 m from the
hypocenter ATB (estimated dose, 563 rad). Besides
direct radiation from neutrons and gamma rays,
fission products, such as Sr89 and Sr?0 produced at
the time of the and of radioactivity
induced by neutron rays, might have entered the
body through some channel and accumulated in the
Such radiation, however, was reported to be

Generally, necessary to cause

internal irradiation.

since such a dose is

explosion

bones.
very small in amount, 18,19

No significant association between atomic bomb
radiation and bone tumors was observed in the
present study, and there was no statistically
significant difference in the frequency of bone

tumors between exposed and nonexposed persons.
Of those autopsied in the ST100 sample, only one
was within 1400 m from the hypocenter ATB; one
was in the 1400-1999 m zone; four were beyond
2000 m; and one was not in the city ATB (Table 4).
This distribution, by distance from the hypocenter,
does not differ significantly from the distribution
for the entire ST100 autopsy series. The only
subject with a malignant bone tumor in the series

10
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who received more than 15 rad had an estimated
dose of 563 rad. However, in the entire ST100
autopsy series, there were only 24 survivors who
had received an estimated T65D dose of 500 rad or
more. Therefore, one cannot rule out the possibility
that radiation played some etiologic role in this
case. As stated earlier, of the 25 malignant tumors
found in survivors, only 5 were in persons who were
within 1400 m. On the basis of the distributions by
distance of the autopsy series and the surgical
pathology series, the expected number with which
the 5 observed can be compared is 4.67 cases.
Thus, there is no indication here of an increase in
the number of malignant
quence of atomic bomb radiation.

bone tumors as a conse-

Although it has been reported?? that
myeloma was the proximally

exposed atomic bomb survivors, and similar findings

multiple

more common in

have been obtained in the present study, there was

no  statistically  significant relation between
multiple myeloma and irradiation. Two reasons may
be given: First, the survivors may not have

received a radiation dose large enough to produce
multiple myeloma; and second, the study might still
be premature even though 20 years have already
As discussed above,
there were few survivors who had been exposed to

passed since the exposure.

levels of external radiation believed sufficient to
cause bone tumors.

According to Jaffe,2! osteosarcoma resulting from
external irradiation develops in from 3 to 20 years
following exposure, with approximately half of the
appearing within 5 to 10 years after
exposure, Cahan et all3 state that 6 to 22 years
elapse for the postradiation appearance of
These reports suggest that the
latent period for the postradiation appearance of
this tumor in Hiroshima and Nagasaki has been
completed. However, the latent period for internal
irradiation with radium is as long as 30 years.?
It is possible that some survivors were exposed to

number

must
osteosarcoma.

internal irradiation, small as the dose might have
been, with irradiation. The
possibility remains that bone tumors may develop in

together external
such persons as a result of combined effect of the
two forms of irradiation, even though the dose of
each may have been quite small.12

SUMMARY

A study was made of 163 benign and malignant bone
tumors found at autopsy and in surgical specimens
at ABCC in Hiroshima and Nagasaki during 1950-65
to determine whether or not there is a relationship

563rad Tho7. LAL, ST 100 12/E L TE5D #:E &
500 rad Pl E#Z WA HMBE LA+ £ 4 o .
LA >T, BStmAmEMEREEUZ L) Thed
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between atomic bomb radiation and formation
of bone tumors.

Twenty-four bone neoplasms were found in a fixed
population (the JNIH-ABCC Life Span Study sample
of approximately 100,000 persons), and nine of
these (7 malignant and 2 benign tumors) were
encountered at autopsy. The prevalence rate for
malignant bone tumors in the autopsies in the fixed
sample was estimated to be 0.26%. No direct
relationship was found between the frequency or
type of bone tumor and exposure distance. The
case histories of five proximally exposed persons
who died of malignant bone tumors (2 osteosarcoma
and 3 multiple myeloma) were described.
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