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SUMMARY

In the continuing evaluations of atomic bomb
survivors for late radiation effects, not only
doses from the A-bombs but those from other
radiation sources must be considered, for the
latter may be concomitantly acting factors
causing bias among these investigations.

In the present study, among 73 Hiroshima and
22 Nagasaki Adult Health Study (AHS) subjects
who reported receiving radiation therapy, from
1970 through 1979, the medical records of 72
and 20, respectively, were reviewed, and 41
Hiroshima and 14 Nagasaki subjects were con-
firmed to have received radiation therapy.

The data obtained in the present study were
pooled with those of the previous investigation
on radiation therapy exposures of AHS subjects
prior to 1970. A total of 190 subjects have been
documented as receiving radiation therapy and
their doses were estimated. Energies used in
treatments and diseases treated are discussed.
Malignancies devéloped subsequent to radiation
therapy in seven cases; five after treatment for
malignancies and two after treatment for benign
diseases. Neoplasms of 12 AHS subjects may
have been induced by earlier radiation therapy;
5 in the earlier study and 7 in the present one.

These investigations underscore the need for
continued documentation of exposures to
ionizing radiation for medical reasons, especially
from sources incurring relatively high doses.
Bias in assessments of late radiation effects among
A-bomb survivors can thus be avoided.
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INTRODUCTION

Careful follow-up observations of the Hiroshima
and Nagasaki A-bomb survivors have provided a
major share of the knowledge of the effects of
radiation exposure in man. Their exposures to
other forms of ionizing radiation such as
diagnostic or therapeutic sources, constitute a
potential source of bias in the studies of radia-
tion effects attributable to A-bomb exposure.
Examples of such bias have previously been
reported.!

Exposure to diagnostic and therapeutic irradia-
tion among the AHS subjects? is being assessed
by the RERF Department of Radiology.® Doses
received from RERF radiological examinations®
are routinely recorded, updated, and stored on
computer tapes. The reported frequency of
diagnostic radiological examinations and the
doses received at other institutions are being
estimated. Therapeutic irradiation is a particular-
ly important source of bias because the doses to
local areas are relatively high and the scatter
doses to surrounding tissues are frequently
substantial. Therapeutic irradiation exposures
reported by AHS subjects have been assessed
through 1969.! The present study confirmed
and documented their additional radiation
therapy exposures since 1970.

MATERIALS AND METHODS

Radiation therapy exposures reported by AHS
subjects have been routinely recorded at their
biennial RERF examinations. The institutions
reported to have administered radiation therapy
were visited, and their records were reviewed to
confirm the reported exposures. The technical
information was recorded on a form (Appendix
1) and included number of courses and daily
treatment, dose incurred, type of radiation
source used, location and size of fields employed,
and the diagnoses. The radiation output of each
therapy unit was measured using a Victoreen
Condenser R-meter (Model 570), and ionization
chambers with capacities of 25, 100, and 250 R
for both medium voltage and megavoltage
X-rays, and of 50 and 100 R for ®%Co
gamma rays.

The RERF medical records of all confirmed
radiation therapy cases, including those previous-
ly reported,l were reviewed. The information
sought included clinical diagnoses, particularly
those of cancer, information on radiation
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sequelae, date and causes of death, and autopsy
information.

RESULTS

The present study included a review of the
medical records of 72 Hiroshima and 20 Nagasaki
AHS participants who reported having received
radiation therapy from 1970 through 1979, and
41 Hiroshima and 14 Nagasaki subjects were
confirmed to have received radiotherapy. The
data thus obtained were pooled with those of the
previous investigation on radiation therapy
exposures of AHS subjects prior to 1970.1
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TABLE 1 RADIATION THERAPY REPORTED AND VERIFIED BY CITY
# 1 BEBERORE RUHER, i

Hiroshima Nagasaki
Survey Survey
Total Total
First Second First Second
Subjects Surveyed*
Inside City** 329 67 396 66 20 86
Outside city 25 25 6 6
Subtotal 354 67 421 72 20 92
Actual number of subjects 323 66 389 69 20 89
Subjects excluded
No such hospital or clinic existed 54 56 26 26
Hospital or clinic terminated 21 i 22 1 1
Qutside city or before 1945 5 3 8 2
Hospital or clinic address unknown 3
RERF diagnostic radioisotope examination 7 7
Other exposure (infrared, etc.) 8 8 14 14
Subtotal 98 6 104 41 2 43
Total 452 73 525 113 22 135

*Some subjects reported radiation therapy at more than one hospital.

BADREIUBOWETREMER LTI LEEL TV 5.
**One Hiroshima hospital bordering the city was included.

EBoFEFEICEHIIgET Lo —2FEhTnb,

The distribution of subjects who reported
receiving radiation therapy is shown in Table 1.
Of the 525 Hiroshima and 135 Nagasaki subjects
reporting such exposures, follow-up was made on
421 and 92, respectively. Some subjects reported
receiving therapy at more than one institution.
For reasons listed, 104 Hiroshima and 43 Nagasaki
cases were not surveyed. The most frequent
reason was that the institutions reportedly

#1IE, MEBEREII MG L -E0SHE
RLAEBDTHS. [LEO25, E@F136O®REMHD
3 b, FRFNA20E R U02H 120w TR &
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BRIERIIRLALEBVITHE., 203 5L 50
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TABLE 2 DISTRIBUTION OF CONFIRMED SUBJECTS BY CITY AND SEX

£2 WMREOAMBEOSMN, Wik UL
Hiroshima Nagasaki
Sex Survey Survey Total
Total Total
First Second First Second
Male 21 9 29 10 4 14 44
Female 81 32 114 23 10 33 146
Total 102 41 143 33 14 47 190

TABLE 3 CONFIRMATION RATES OF REPORTED RADIATION THERAPY BY INSTITUTION LOCATION & CITY

3 HREESNAMEBEAFEOWRSE, WBEOFELUVSEFER
Institution Cases Reported Confirmed
City
& Cases Rate
Location Strvey SuEey
Total Total Survey Survey
Total Total
First Second First Second First Second First Second
Hiroshima
Inside city 15 12 27 329 67 396 97 42 139 029 0.63 0.35
Outside city 19 19 25 25 7 7 0.28 0.28
Subtotal 34 12 46%* 354 67 421 104 42 146 0.29 0.63 0.35
Nagasaki
Inside city 14 B 18 66 20 86 32 14 46 0.48 0.70 0.53
Outside city 6 6 6 6 1 1 0.17 0.17
Subtotal 20 4 24* 72 20 92 33 14 47 046  0.70 0.51
Total 54 16 70 426 87 513 137 56 193 0.32  0.64 0.38

*Actual number of institutions is 37 in Hiroshima and 20 in Nagasaki.

B 0 2 BT 5 037, w20,

responsible were not clearly identified by

the subjects.

Radiation therapy was confirmed for 190
patients including 44 males and 146 females,
and of the total, 143 were in Hiroshima (Table 2).

The confirmation rates by city and location are
shown in Table 3. In Hiroshima, the rate was
35% and in Nagasaki 53% and for both cities was
38%. In both cities, the rates were better for
hospitals within the city than those outside.
The distribution of unconfirmed cases categorized
by cause is shown in Table 4. The major reason
for lack of confirmation of reported radiation
therapy exposures was unavailability of hospital
records. A second important reason was that

TE&EDol tizkdbDTHo.
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TABLE 4 UNCONFIRMED RADIATION THERAPY CASES BY INSTITUTION LOCATION AND CITY
#4 O RFER OB HEREG, MO ERUHATN

Institutions Categories of Unconfirmed Cases* Total
Cit;
i Survey 1 2 3 4 5 Survey
Location Total Survey Survey Survey Survey Survey Total
: Total Total Total Total Total
First Second Ist 2nd st 2nd Ist 2nd st  2nd ist 2nd Ist  2nd
Hiroshima
Inside city 15 12 27 57 2 59 37 2 39 24 5 29 86 15 101 28 1 29 232 25 257
Qutside city 19 19 2 2 3 3 8 8 5 5 18 18
Subtotal 34 12 46 59 2 61 37 2 39 27 5 32 94 15 109 33 1 34 250 25 275
Nagasaki
Inside city 14 4 18 9 9 6 6 12 18 18 1 34 6 40
Qutside city 6 6 1 1 1 1 3 3 5 5
Subtotal 20 4 24 9 9 7 6 13 19 19 4 4 39 6 45
Total 54 16 70 68 2 70 37 2 39 34 11 45 113 15 128 37 1 38 289 31 320

*].  Patient not identifiable on hospital or clinic records. FHERO BB THDTE L2 - .

2. No radiation therapy service in hospital. ¥ TS B EBGRR A 2 v .

3. Patient identified and recorded as having received infrared treatment. B+ 1FER s N ', BHTIEHRIEETL 21T v AE.

4.  Hospital records discarded. #IRREFFEEE AT A,

5. Other (outside the city, prefecture, or country; or hospital refused to supply information).

Fof(Hsk, B4, REENOL®, 530 IBEATHEREK--LD).
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TABLE 5 CONFIRMATION RATES OF REPORTED RADIATION THERAPY

BY YEAR AND CITY
5 WREENRHEBEROTERSE, HEHE R UM T B
Confirmation Rate
o Hiroshima Nagasaki
Survey Survey
Total Total
First Second First Second

—1945 0 0 0 0 - 0
1945-50 0.04 0 0.04 0 - 0
1951-55 0.21 0 0.20 0.14 - 0.14
1956-60 0.29 0.40 0.30 0.69 - 0.69
1961-65 0.37 0 0.37 0.58 e 0.58
1966-70 0.53 0.63 0.57 0.60 0.50 0.58
1971-75 - 0.59 0.59 - 0.71 0.71
1976- - 1.00 1.00 - 0.50 0.50
Unknown  0.14 0.50 0.19 - — =

patients often confused diagnostic studies with
therapy exposures, and several who reported
having received radiation therapy were instead
confirmed to have received diagnostic examina-
tions or infrared treatments.

Table 5 shows the radiation therapy confirmation
rates by time intervals, and they have generally
increased during the more recent years, which
reflects better availability of records and shorter
intervals from times of treatments to patients’
reporting. The correlation by year for patients’
responses and hospital records is shown in
Figure 1. 1In both cities there was relatively
good correlation between the responses and
records showing that radiation therapy is a
significant experience for most patients, particu-
larly for those being treated for malignant
diseases, and recollections tend to be reasonably
accurate.

Types of radiation therapy sources utilized are
shown by city in Table 6, The most commonly
used apparatus in both cities was medium
voltage X-ray (110-250 kV), 73 patients (47%)
in Hiroshima and 19 (38%) in Nagasaki having
been treated with this modality. This contrasts
with the previously reported1 higher percentages
of 59% and 53%, respectively for the two cities,
and reflects the declining use of medium voltage
X-ray beams as megavoltage sources become
more widely available. ®°Co was more fre-
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FIGURE I CORRELATION BETWEEN PATIENT RESPONSE AND HOSPITAL RECORD REGARDING
CONFIRMED THERAPY CASES BY YEAR
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FIGURE 1

(Continued) #t %
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TABLE 6 RADIATION THERAPY MODALITIES USED IN TREATING AHS SUBJECTS BY CITY
#6 WABBENIESREOBRREICHY 6N R ERIER OME, HH

Hiroshima Nagasaki Total
Modality Survey Survey Survey

Total Total Total

First Second First Second First Second
0Co gamma ray 32 21 53 4 2 6 36 24 59
Medium voltage X-ray 66 7 73 19 - 19 85 7 92
Low voltage X-ray 7 2 9 7 2 9 14 4 18
Cavitary X-ray 5 1 6 - - — 5 1 6
Megavoltage X-ray - 9 9 1 4 5 1 12 14
Electrons - - - 4 6 10 4 6 10
Radium or cobalt source — 4 4 - — - - 4 4
Unknown 1 - 1 1 — 1 2 - 2
Total 85 | 44 155 36 14 50 147 58 205

quently used in Hiroshima (34%) than in ZEERLTWA., YCo kK (12%) & VIE &

Nagasaki (12%); cavitary X-ray was used only in
Hiroshima, for 6 patients (4%); electrons were
used only in Nagasaki, 10 patients (20%) having
been treated with this modality; and brachy-
therapy with radium or cobalt sources was very
infrequent, being used only in Hiroshima, for
4 patients (3%).

The conditions for which subjects were treated
are shown in Table 7. The majority of treatment
was for malignant disease, but a substantial
portion was for various benign conditions (35%),
the most frequent being eczema (48%). Pro-
portionally, more benign conditions were treated
in Nagasaki (44%) than in Hiroshima (31%).
Among malignant diseases, the most frequently
treated were uterine corpus and cervix cancer
(32%), followed by cancer of the breast (27%).
These frequencies reflect the greater number of
females in the AHS sample, the female:male
ratio being 3:2.2 Radiation therapy for gastric
cancer was relatively infrequent among AHS
subjects, accounting for only nine cases (7%) in
the malignant disease group. No radiation
therapy was administered for lung or gastric
cancer in Nagasaki.

The body sites treated are summarized in Table
8. In Hiroshima, the abdomen was the most
frequently treated site (50%), followed by the
chest, and then the head and neck regions. In
Nagasaki, the head and neck was the most
frequently treated site (28%), followed by the
abdomen, then the chest,

(U%)TEL{AvLh, FEEFXHRILBOAT
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AL B 24 T 10M (20% ) AF 2 0> BY o> B T 1R &
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TABLE 7 DISEASES FOR WHICH RADIATION THERAPY WAS ADMINISTERED BY CITY

J!T BUMHIEEE & ML 2R, R

Disease Hiroshima Nagasaki Total

Malignant

Uterine corpus and cervix cancer 39 3 42

Breast cancer 26 9 35

Thyroid cancer 6 6 12

Lung cancer 9 - 9

Stomach cancer 9 - 9

Other 11 12 23

Subtotal 100 30 130
Benign

Eczema 21 12 33

Keloid 2 3 5

Tuberculosis 4 1 5

Other 18 8 26

Subtotal 45 24 69
Total 145 54 199

TABLE 8 BODY SITES TREATED BY CITY
#£8 TABLE AL, #BTHA

Site Hiroshima Nagasaki Total
Head and neck 29 15 44
Lung and breast 37 12 49
Abdomen 88 14 102
Upper extremity 11 5 16
Lower extremity 8 8 16
Unknown 2 — 2
Total 175 54 229

Table 9 shows the frequency of radiation therapy
administered using °°Co according to site of
malignancy. Of 62 cases so treated, 57 (92%)
were in Hiroshima. In Hiroshima, the most
frequently treated site was the breast (28%),
followed by the uterine cervix, and the lung.
No cases of breast cancer were treated with °Co
in Nagasaki. Table 10 shows the distribution of
patients treated by medium voltage and mega-
voltage radiation sources by city. In Hiroshima,
cancer of the uterine cervix prevailed (27%),
followed by breast and uterine corpus. In
Nagasaki, cancer of the breast prevailed (43%),
followed by thyroid gland cancer.

Table 11 shows the distribution of patients with
benign lesions treated by medium voltage X-ray

10

%91, YCo 2 MV THFbhBHHERIZ> VT
EHEEOHMMNEEEZRLAbOTHSE. 2O LS
B AT o620 9 B, ST (92%) (1158 o 1t
BETHo /-, IBTIRED £ ERE T 7800
I (28%) ¢, FE#HE, Mrzhicre, B
T, OCo THMEEZHATMAIL 1ML % p-2.
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TEMM (27%) £, L, FEBI K.
R TIEILE (43%) #' &<, FIRIME A 2 hisk ¢,
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TABLE 9 RADIATION THERAPY (GOCO) FOR MALIGNANCIES
(Histologically Proven and Unproven)

#9 BRSO BERGEE (Y Co)
(B ETHERL REROLD)

Site Hiroshima Nagasaki

Breast 16
Uterine cervix 1
Uterine corpus

Lung

Tongue

Stomach

Testis

Esophagus

Colon

Kidney

Neck

Bone (osteosarcoma)

Rectum

Brain

e e e e L e T = < B TC I

Uterus (sarcoma)
Total

w
~3
wn

TABLE 10 RADIATION THERAPY (X-RAY) FOR MALIGNANCIES
(Histologically Proven and Unproven)

F210  FEAEME AL O B AR AR (X )
GHEMETHRRVREROLO)

Site Hiroshima Nagasaki

Thyroid 6 6
Ovary 4
Uterine cervix 14 1
Uterine corpus i
Rectum 1
Breast 8 10
Salivary gland 2
Paranasal sinus 1
Stomach 2
Skin 1
Lung 1
Bladder 1
Kidney 1
Colon 1
Tonsil 1
Hypopharynx 1
Larynx 2
Brain, astrocytoma ‘ 1
Tongue 1

Total 51 23

11



RERF TR 3-80

TABLE 11 RADIATION THERAPY (X-RAY) FOR BENIGN CONDITIONS

#11

RIEBR Bz a4 2 BOAHBAR (X 48)

Condition

Hiroshima Nagasaki

Eczema
TB, rib
Gastric ulcer
Seborrhea, scalp
Skin disease
Pseudoepitheliomatous hyperplasia
Struma
Keloid
TB and other lymphadenitis
Eustachian tube stenosis
TB and other endomefritis
Acromegaly
TB and other peritonitis
Myomata uteri
Climacteric
Post appendectomy
Angioma, skin
TB, kidney
Dermatophytosis
Bile ducts
Skin cancer (?)
Pityriasis
Wart
Papillitis, tongue
TB, intestine
Ear
Granulation tissue

Total

5

9
1
1
1
1
1
1
2
4
1
1
1
2
2
1
1
1
1
1
1

S ST

35 15

by city, and these totaled 35 in Hiroshima and
15 in Nagasaki, eczema being the condition most
frequently treated, with 9 cases in Hiroshima
and 5 in Nagasaki.

Superficial (low voltage) X-ray therapy was used
in treating eight patients in Hiroshima and nine
in Nagasaki (Table 12), and all lesions so treated
were benign.

Neoplasms apparently unrelated to radiation
therapy are shown in Table 13 and totaled 39
for both cities, and the most common was
uterine myoma (29%).

Among patients who received radiation therapy
since 1969, a total of five, three from Hiroshima

12
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TABLE 12 BENIGN CONDITIONS TREATED WITH LOW VOLTAGE X-RAY BY CITY
®12 BEXBTHREEML 2~ RIEIKSR, 5H7

Condition Hiroshima Nagasaki

Eczema 5 5
“Skin disease”
Skin cancer (?) 1
Pityriasis 1
Wart 1
Unknown 1 1

Total 8 9

TABLE 13 NEOPLASMS UNRELATED TO RADIATION THERAPY BY CITY
#13 AR R & MR O B, AR

Neoplasm Hiroshima Nagasaki Total
Myomata uteri 9 2 11
Thyroid adenoma 3 1 4
Scalp nevus 1 1
Benign parotid tumor 1 1
Uterine polyp 1 1 2
Skin cancer, abdomen 1 1
Benign rectal polyp 1 1
Stomach cancer 1 2 3
Knee tumor 1 1
Lung cancer 1 2 3
Uterine cervix cancer 2 2
Liver tumor 1 1
Esophagus cancer 1 1
Bladder tumor 1 1
Ovary, mucinous cystadenoma 1 1
Basal cell cancer, forehead 1 1
Thyroid cancer 1 1 2
Ovary, granulosa cell tumor 1 1
Uterine corpus cancer 1 1

Total 25 14 39

and two from Nagasaki, had malignancies which
originated in two separate sites (double primaries).
In Hiroshima, one patient had rectal and thyroid
carcinoma (MF *3 another had tongue and
thyroid carcinomas ; and the r
had rectal and tonsillar carcinomas (MF
In Nagasaki, one patient had breast and uterine

cervix carcinomas (MF ); the other,
carci as of the breast and thyroid (MF

13
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Among the patients reviewed who received
radiation therapy before 1970, there were seven
cases in which a malignancy possibly related to
earlier radiotherapy occurred. In four of these,
a second primary malignancy developed follow-
ing radiation therapy for a first primary. In
three cases a malignancy developed following
radiotherapy for a benign condition.

Case 1, MF , Nagasaki male: In 1963, at
age 57, he had a laparotomy and a retroperitoneal
tumor involving an adjacent vertebral body was
found. A sarcoma was diagnosed, but not
histologically confirmed, and he received 4,940
rad of postoperative ®°Co radiotherapy to the
abdomenin 1964, In 1970, he died of a ruptured
berry aneurysm. An autopsy revealed necrotic
tissue in the prior radiotherapy field with no
evidence of tumor. Incidentally diagnosed was
an early squamous carcinoma of the lung with
hilar node metastases, unrelated to the cause of
death. The scatter dose to this area from prior
radiation therapy was estimated to have been
approximately 37 rad. His A-bomb radiation
dose was 311 rad.

Case 2, MF- Nagasaki female: In 1965,
at age 36, she had a hysterectomy for squamous
carcinoma of the cervix, then received 7,000 rad
of ¢°Co teletherapy postoperatively to the lower
abdomen and pelvis. In 1976 she died of
cachexia, kidney failure, and a rectovaginal
fistula. An autopsy revealed tumor in the pelvis,
originating from the right gluteal region with
invasion of the right ilium and femur. The
histological diagnosis was malignant fibrous
histiocytoma. There was no evidence of residual
squamous carcinoma. Her A-bomb dose was
0 rad.

Case 3, MF , Hiroshima female: In 1963,
at age 60, she received radiation therapy to the
abdomen for a gastric ulcer, and the recorded air
dose was 1,320 R. She died in 1976, with a
death certificate diagnosis of metastatic lung
carcinoma as the cause of death. The estimated
scatter dose to the center of the lung was 43 rad.
Her A-bomb dose was 0 rad.

Case 4, MF , Hiroshima female: In 1965,
at age 59, she had surgery for carcinoma of the
uterine cervix, followed by 4,800 R (air)
postoperative radiation therapy to the lower
abdomen and pelvis in early 1966. In 1973, she
had an esophagogastrectomy for squamous

14

19704F LLAT 12 B 4 4R VA HE & 21, S EMRE O8Iz
HoTWAEDI L, LI OB EERE MEH 5
LEZChAIBMEEL THIZRDERE, ThE0
35O 45 TE, RO R FE M o b s
EWRIZ, o000 BHMBAERLA. o
3EITH, BYEFEE O S E RS TR A
BELEZLOTH S,

FEML, MF &8 ik, B: 19634, 57
OB BT 2 20, BEHEHE (R & T 300 I RN
BB 5Nz, NG & B sy, Bkt
RSN T WV, 19645, IHEHiEO P Colz ks
4,940 rad O K S #ATE 2 3 2. 19704, /S BEIR
TIRFEREE 12 £ D FECS L =L BIMo R, LK
G $RATE AT 0 A SE B A A B0 2 A, G
WOEEETRD 5N L h oz, BANKIZTER L 138
B IR D R T b & BT Y v S DR &
Wb =, LIET O R EARC £ 5 2 o fEis s o B EL
AR, F37rad LHEE SN FHRICES KA
B ERARI 1L 311 rad T H 5.

apiz, MF &= s« 1065, s
OWE, FTEHGOR T LESO LD T 50 R £
S AL RS F B R OV AR 2 % Co ST BE B AR
e LT 7,000 rad O & A 2122, 19768, T
W, BAE L EBBECLIEC LA SO
RER, BALICEMME D REL 2SS H D, S
BRUKBHADZFEI D S . 8 EBT
VT LR ERIE T B - . SR LR o
WEEED SN po e, EHME L 20 rad
Th 5.

wms, Mr &S se %0 196, eom
O, B <O SO B BRIEHE A S 2. i
S xnZehg@ikidl, 320 R, 19765 12381 L /= 4,
FEC AWM X FEE & L CHERE N & - T,
B d L~ O ENEARIZ43 rad TH - 72,
RIS 0 rad TH 5.

igie, wr &Sl ss. «: 106, s
O, FEBEOFMER G, K TLI66HETD I
frffe OB AR TR & U C RS R OV AR 4,800 R
(Zedh) OBES % % 1472, 19734, EHEOR T L
D, BEEUBRAGTLE ZA AEPLE~D



carcinoma of the esophagus. The estimated
scatter dose to the center of the esophagus was
27 rad. Her A-bomb dose was 69 rad.

Case 5, MF » Hiroshima male: In 1957,
at age 65, during an abdominal exploration with
appendectomy, a metastatic undifferentiated
carcinoma was found. In 1958, 2,160 R (air)
postoperative radiation therapy was administered
to the abdomen. He died in 1976, and at
autopsy a widespread metastatic lung carcinoma
from the right lower lobe was found. A review
of all histological material then showed that the
earlier abdominal tumor was a carcinoid, and
that the lung cancer represented a second
primary. The estimated scatter dose to the
center of the right lower lobe was 14 rad. His
A-bomb dose was 5 rad.

Case 6, MF- Hiroshima male: In 1968-
69, he received 450 R (air) of low voltage
X-ray therapy to the right hip region for eczema.
In 1972, at age 69, he developed hematuria, and
cystoscopy and transurethral resection revealed a
Grade I papillary transitional cell carcinoma at
the right ureteral orifice, stage A-B;. The
scatter dose from radiation therapy could not be
estimated. He was not exposed to the A-bomb.

Case 7, MF - Hiroshima male: Between
1962-69, he received multiple courses of low
voltage X-ray therapy to the left foot for tinea
pedis. In 1977, at age 61, skin cancer developed
in the previously treated left foot, metastatic to
the inguinal lymph nodes. He received 5,000
rad of external beam therapy to the metastatic
nodes and pelvis in 1977. The primary foot
neoplasm was treated surgically. His A-bomb
dose was 0 rad.

In addition, a case in which a probably benign
ovarian tumor occurred following radiotherapy
was encountered: MF , Nagasaki female.
In 1963, at age 60, she received 5,160 R of
80¢Co teletherapy to the lower abdomen and
pelvis for invasive squamous carcinoma of the
cervix. In 1977, a mucinous cystadenoma of the
ovary, probably benign, was resected. Follow-up
examination in 1977 revealed no evidence of
residual tumor. The scatter dose to the ovaries
was estimated to have been 630 rad. Her A-bomb
dose is unknown.
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DISCUSSION

The results of the present study strengthen the
conclusion reached previously! that exposure to
therapeutic irradiation must be taken into
account when assessing the effects of radiation
received from A-bomb exposures, In the prior
study!, five cases of malignancies occurred in
members of the AHS sample who had received
previous radiotherapy, and which were thought
possibly to have been related to the radiotherapy.
Two of those cases, both women who developed

acute granulocytic leukemia following radio-

therapy for breast cancer, have recently been
reported in more detail.’ In the present study,
eight instances of neoplasms which developed. in
or near a field of prior radiotherapy have been
described. Although it is not possible to state
with certainty the cause of any individual
neoplasm in this group, in reports of neoplasms
developing in the fixed study samples of A-bomb
survivors at RERF, knowledge of prior radio-
therapy may influence the assignment of affected
cases to exposure categories. In Case 2 of the
present study, for example, a malignant fibrous
histiocytoma was diagnosed 11 years following
7,000 rad ¢°Co teletherapy to the pelvis for
carcinoma of the cervix. This sarcoma occurred
in the radiotherapy field. Although the A-bomb
dose in this instance was 0 rad, obviously, it
would seem improper to assign this case to the
Orad or control group in an analysis of sarcomas —
which might otherwise occur if the history of
prior radiotherapy was not known by the
investigators. This problem would not arise in
an analysis of carcinomas of the cervix however,
since in this instance (Case 2) the neoplasm
occurred prior to the administration of the
radiotherapy. This unusual case of a post-
irradiation malignant fibrous histiocytoma is
being reported in detail b

The 5 previously reported cases' and the 7 cases
described in the present study bring to 12 the
total number of malignancies possibly related to
prior radiotherapy which have developed in AHS
subjects. Since the AHS sample constitutes only
about 20% of the much larger Life Span Study
(LSS) extended sample,” the number of
neoplasms which may be related to prior radio-
therapy and which are occurring in members of
the LSS extended sample is probably sub-
stantial. This is especially important because
dose estimates® have been made on most of its
members, and also since the LSS extended
sample is a commonly used source for assessing
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dose-related radiation effects. In any investiga-
tion seeking to relate ionizing radiation effects
to doses received from the A-bombs, radiation
for medical reasons, particularly that resulting in
relatively high doses, such as in radiation therapy,
must be properly accounted for. The extent to
which diagnostic X-ray exposure may pose a
similar problem is a subject now under active
in*.restitc,vation.3

Cases treated since the prior study! are listed in
Appendix 2 which includes dose, site treated,
diagnosis, and other pertinent information
transcribed from hospital records. During the
present study, several trends -were observed
reflecting the general progress made in radiation
therapy during recent years. Megavoltage beams
have to a greater extent replaced medium voltage
Xray sources for treatment of deep-seated
tumors, Doses have generally been more
accurately measured and recorded in rad, and
the fields employed have been more clearly
delineated. This no doubt reflects the institu-
tion of procedures by the Japanese Association
of Radiological Physicists.”!® The ratio of
malignant to benign diseases treated by irradiation
continues to increase as the indications for
radiotherapy for benign disease proportionately
decreases.

The results of the present study have important
implications for studies of cancer epidemiology.
Of 190 subjects who received radiotherapy, 12
(6.3%) subsequently developed malignancies
which might have been related to the radio-
therapy.  Sixty-nine (35%) were treated. for
benign conditions. It is remarkable that radia-
tion therapy has even in recent years been
advocated in the treatment of benign diseases.!!
Several previous long term studies of persons
exposed to therapeutic irradiation for benign
and malignant conditions have shown an
increased incidence of various malignancies.
Hempelmann et al,'? in studies of persons
irradiated in infancy for thymus enlargement,
noted increased incidences of benign and
malignant tumors in the irradiated group when
compared with unirradiated siblings. Court
Brown and Doll,'? in studies of persons irradiated
for ankylosing spondylitis, noted increased
incidences of leukemia and solid tumors.
Present knowledge concerning the radiation
induction of cancer in man has recently been
summarized .
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The role of radiation therapy in the treatment of
malignant disease continues to increase with
improvement in technique and greater versatility
of the various modalities used. For patients
with some types of malignancies, cure is now
the rule rather than the exception, and for
those not cured, survival is often measured in
years. These trends will undoubtedly continue
as diagnosis and treatment steadily improve.
The long-term adverse effects of treatment,
including radiation carcinogenesis, are likely to
increase. Arguments for and against the
documentation of medical radiation exposures
have been reviewed, and such documentation
advocated.'® Continuing efforts must therefore
be exerted to document such exposure among
A-bomb survivors, so that any effects attributable
to atomic irradiation will not be unduly biased.
In addition, in epidemiologic studies of cancer
recognition that these trends must be taken into
account is to be emphasized.
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APPENDIX | 151

DEPARTMENT OF RADIOLOGY

HHBE
RADIATION THERAPY RECORDING FORM

Hiroshima & D
Nagasaki M D

MW A W IR ——
Name €% Address (£ Age at time of Interview B M MF No. MF & % Female % O
Location at which therapy was reported: 8 £ 4K L2 AMMM () Department BB (b) Hospital MRz Address A &R
Body site reportedly treated B EAFWE L A AMMEL Diagnosis for which reportedly treated S &4 NG L - AR KR
NOTE: Use one sheet for each COURSE of therapy administered. iE®: 1 7 - A ZcRLOBLEMo B2 ¢
Location st which therapy was administered #m®RM (&) Department H¥( (b) Hospital & Address MR
Remarks 8 %
Body site treated MM i Diagnosis # 6 &
ir: Y Output R/mi cm Station Pendulum Rotatio
Y o0t Hh R acrer M0 O "% O He™
v 7 Date Source or kV Fileratio Site Field Sj SSD | Proj. Air Dos Skin D Depth D
Anterior 4 Posterior WM Eia °T 1 l'gr;é = gl(; Hiﬂiu STD .’:[i: IE'I‘HRE Hl!nl -o;e e:’:(l!l:"
Hospital Personnel
L3185
Recorder Date
P Ui
Remarks:
ax
RAD 42 569
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APPENDIX 2 CONFIRMED RADIATION THERAPY DATA

82 HERsh-REEERIZHT 2 %8
Date of Treatment Diagnosis for QOther Hospital Body Site i No.of Radiation T_reatment Dose T-65 Dose
MF No. Sex e : in rad (unless Courses
Death Year Treatment Neoplasms Number Treated B=benign Hospitals Source PR (rad)
okpi. other indicated)
M=Malignant
HIROSHIMA
- M 1962-69; Tinea Pedis; - 9,1 L foot; B;:M 2 Low KeV Unknown; multiple 0
1977 Metastatic Ca pelvis Co-60 5000
inguinal area
- F 1970 Ca Cervix - 4 Pelvis M 1 Co-60 2000 1 0
- M 1976 Ca Lung — 3 L upper chest M 1 Co-60 6150 1 0182
and lung
477 F 1973; Sarcoma uterus - 1 Pelvis; M 1 Co-60 5000 2 Unk.
1976 metastasis to C-spine 4000
C-spine
- F 1973 Ca Breast - 4 L chest wall M 1 Co-60 4600 1 0
and supraclay
11 776 M 1975-76 Ca Hypopharynx — 1 Neck, M 1 8 MeV Linac 6000 1 0066
hypopharynx
475 F 1969 Ca Rectum Ca Thyroid 3 Rectum M 1 Co-60 5400 1 0071
=2 F 1969 Ca Cervix - 1 Pelvis and M 1 45 kVp 5000 1 0218
Perineum
- F 1977 Ca Tonsil Ca Rectum 1 Neck, tonsil M 1 8 MeV Linac 6000 1 0191
= F 1971-72 Ca Breast - 3 L axilla & M 1 Co-60 5000 1 Unk.
supraclav
L,R int mamm
- F 1972 Ca Cervix - 20 Perineumand M 1 Co-60 2000 1 0030
Pelvis
- F 1976 Ca Lung - 3 Mediastinum M 1 Co-60 2550 1 0038
62677 F 1969 Ca Breast — 2 R supraclay M 1 Co-60 R supraclay 1 0122
R chest wall 6000; R chest
wall 5000
- F 1973 Ca Breast - 1 L supraclav M 1 8 MeV Linac 5000 1 1415
L chest wall
- M 1971 Ca Testicle Nontoxic 1 L iliac & M 1 Co-60 L iliac 3250; 1 0013
goiter para-aortic para-aortic
lymph nodes 2700
- F 1971-75 Skin disease - 21 Various areas B 1 Low KeV 5920 R 1 Unk.
of skin total
279 M 1969 Ca Lung - 2 R lung & M 1 Co-60 4000 1 0

mediastinum
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APPENDIX 2 (Continued) #i &
; i 5 @ go Treatment Dose
Date of Treatment Diagnosis for  Other Hospital Body Site _iStology  no of  Radiation L T-65 Dose
MF No. peath Year Treatment Neoplasms Number  Treated B=benign Hospitals Source n rad. (u_nless Courses (rad)
X other indicated)
M=Malignant
-~ F 1970 Ca Cervix - 4 Pelvis and M 1 Co-60; 6000; 1 0
cervix radium 5320 mghr
- F 1969 Ca Cervix - 1 Pelvis M 1 Low KeV 3150 1 0145
- F 1964-65 Ca Breast - 5 L chest wall M ! Low KeV 4200 R 1 0
& axilla
- F 1971 Ca Uterus Uterine 2 Pelvis M 1 Co-60 5000 1 Unk.
myomata
- F 1976 Ca Ovary - 19 Pelvis M 1 Low KeV 7200 R (skin) 1 0
- F 1976 Ca Cervix - 4 Pelvis M 1 Co-60 1000 1 0139
- F 1970 Ca Uterus - 4 Pelvis M 1 Co-60 2000 1 Unk.
= F 1957 Keloid — 2 L cheek B 1 140 kVp 900 R 1 0024
178 F 1977 Ca Tongue Thyroid 1 Tongue M 1 8 MeV Linac Tongue 12000; 1 0038
& neck Neck 9000
1277 F 1974-76 (Ca Breast — 1 Breast multiple M 1 8 MeV Linac Multiple Multiple 0105
metastatic sites doses courses
- F 1972 Ca Cervix - 1 Pelvis M 1 8 MeV Linac 5000 1
- F 1976 Ca Uterus — 2 Pelvis M 1 radium 1920 mghr 1 0
- F 1972 Ca Cervix - 3 Pelvis M 1 Co-60 5000 1 0012
- F 1969-70 Ca Breast - 1 R supraclay, int M 1 Co-60 R supraclav 1 0340
mamm, & axilla 4800 R; int mamm
4200 R; axilla 2100
R (air)
- F 1974 Parotid tumor - 1 L parotid area ? 1 8 MeV Linac 7560 R 1 0445
- F 1968-69 Ca Breast — 1 R supraclav, int M 1 Co-60 Supraclav 5000 ;int 1 0071
mamm, & axilla mamm 2800;
axilla 2400
- F 1970 Ca Breast - 4 R chest M 1 Co-60 5000 R 1 0
= M 1973-75 Ca Stomach - 9 Abdomen M 1 Co-60 5000 R 1
- M 1973 Brain tumor - 3 R temporal area M 1 Co-60 6000 1
- F 1968-69 Ca Cervix - 2 Pelvis M 1 Co-60 4000 1
- F 1968 Ca Breast - 7 R supraclav M 1 180 kVp 1600 1
& axilla
— F 1969 Ovarian tumor - 1 Lowerabd & M 1 200 kVp 2800 1

pelvis
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APPENDIX 2

i 2
L

(Continued) #

Histology

ME N Date of Sei Treatment Diagnosis for Other Hospital Body Site ————— No.of Radiation Treatment Dose Courses T-65 Dose
0 Death x Year Treatment Neoplasms  Number Treated B —_bemlgn Hospitals Source in rad (unless ° (rad)
M=Malignant other indicated)
- F 1969 Ca Cervix - 1 Pelvis M 1 200 kVp 2100 1 0048
- F 1973 Ca Cervix - 4 Pelvis M 1 Co-60 & 3400; 1
radium 5500 mghr
NAGASAKI
- F 1970 Ca Breast Ca Cervix 51 Rint mamm, M 1 12 MeV & 5000 1 0344
supraclav, & 8 MeV Linac
chest wall
- F 1972 Eczema Nodular goiter 58 L elbow; L knee B 1 Low KeV 350 R (air) 1 0
- F 1970-71 Ca Breast - 51 L int mamm, M 1 12 MeV Linac 5000 1 0285
supraclav, &
chest wall
- M 1976; 78 Ca Hypo- - 52 L neck M 1 4 MeV & 5400; 2 0136
pharynx Hypopharynx 6 MeV Linac 5000
— F 1974 Uterine myomata — 51 Pelvis B 1 Co-60 1500 1 0213
- M 1975 Granulation tissue — 51 R ant scalp B 1 12 MeV Linac 3000 1 0
- F 1971 Eczema & allergy — 58 Skin B 1 Low KeV 378 R (skin) 1
102673 F 1972 Ca Larynx - 51 Larynx M 1 10 MeV Linac 5000 1 0395
4 477 F 1972 Ca Cervix = 51 Pelvis M 1 Co-60 5000 1 0
- F 1974 Ca Breast Ca Thyroid 51 L int mamm, M 1 10 MeV Linac 5000 1 0143
supraclav, &
chest wall
— F 1971 Ca Thyroid = 53 R neck M 1 8 MeV Linac 4000 1 1225
111674 M 1974 Ca Larynx - 51 Larynx M 1 10 MeV Linac 5000 1 0
- M 1972 Astrocytoma - 51 R temporal lobe M 1 10 MeV Linac 5000 1 0113
2 F 1976-77 Ca Breast - 52 R int mamm, M 1 4 MeV Linac 5000 1 0

supraclav, &
chest wall
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