ABCC TR 32.72




TECHNICAL REPORT SERIES
X M B 5 B K

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory groups, and

affilinted government and private organizations. The Technical Report Series is in no way

intended to supplant regular journal publication.

ABCC #if it ir iz, ABCC o I ATEPINR B, WM, FHMEML - CFCBFsLUCEMoM
FEH M ERIZIETA2SOBEME L2 5 XM EEETH T, HalEHE R b L7 810

miELRERLIZAAS DT E W,



TECHNICAL REPORT
32.72

¥ M W &5 =

LUNG CANCER AT AUTOPSY IN ATOMIC BOMB SURVIVORS AND
CONTROLS, HIROSHIMA AND NAGASAKI 1961-70

ERHRESLIVCHNBEOEBICHTIHE, LE - E, 1961 —70%F

1. AUTOPSY FINDINGS AND RELATION TO RADIATION
. BIRAMAELZSTICHAEKBEEDEAR

ROBERT W. CIHAK, M.D.

TORANOSUKE ISHIMARU, M.D., M.P.H, {55200
ARTHUR STEER, M.D.

AKIRA YAMADA, M.D. L BA

Asﬁcc

ATOMIC BOMB CASUALTY COMMISSION
HIROSHIMA AND NAGASAKI, JAFAN

A Cooperative Research Agency of
U.S.A. NATIONAL ACADEMY OF SCIENCES — NATIONAL RESEARCH COUNCIL
and

JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE

with Funds Provided by
U.5.A. ATOMIC ENERGY COMMISSION
U.5.A. NATIONAL CANCER INSTITUTE
U.5.A. NATIONAL HEART AND LUNG INSTITUTE
U.8. A, ENVIRONMENTAL PROTECTION AGENCY
JAPANESE NATIONAL INSTITUTE OF HEALTH

E & B F B T £ 8 =

. RS

H[FE L — il S e B RE N E # E T 5 AT
& ) | AL Bl B T AR FE b

wEEF NS, REwFR, £E LR - MIRRRRT
F IR LR T & b O 0 R B0 ] TR B R
DffFRRIZEE



CONTENTS
B %

Summary O
Introduction ## Z
Methods and Materials i $5 & DR oo sessessss oot
Results "

Discussion = %
References %4 it s
Appendix. List of lung cancer cases fT4%.  W@EM @ U = b

Table 1. Distribution of 204 lung cancers by histologic type and sex, LSS autopsy series, Hiroshima and
# Nagasaki, 1961.70

A ALY L SRS i B RS 2000 ) P LR ED & ROFHENL, R B - B,
1961 - 704

2. Prevalence rate of lung cancer in LSS autopsy series by dose, Hiroshima and Nagasaki, 1961.70

Haral i BU PO G B0 20O TR BeR, B - B, 1961 — 708

3. Prevalence rate of lung cancer in LSS autopsy series by dose and city, Hiroshima and Nagasaki,

1961-70

#Har MR PO S ERCE O S AR Bty KUY, BE - K, 196
4. Prevalence rate of lung cancer in LSS autopsy series by dese and sex, Hiroshima and Nagasaki,

1961.70

ML RO S R0 SISO HHE: Hlits 5N, B - B, 1961

L e

&n

Crude prevalence rate for lung cancer in LSS autopsy series hy histologic type and dose.
Hiroshima and Nagasaki, 1961.70

A EE O NSO E SR RN L OB, R - B, 1961 — 704 ..
6, Crude prevalence rate of lung cancer hy histologie type and age at death, LSS autopsy series,

Hiroshima and Nagasaki, 1961-70

A ML 2 b S W M H R SR R ORI, 5 - e, 1061

— TOIE

=1

Prevalence rates for lung cancer hy radiation dose and age ATB, 1.SS autopsy series, Hiroshima
and Nagasaki, 1961-70

o MFTEM P OGS G e L R ER R, RS - B, 1961 - T0FE L.
8. Metastatic sites in 204 lung cancers by histologic type, LS55 autopsy series, Hiroshima and
Nagasaki, 1961.70
oo ML B B N 20408 O EETS ST . FEERIS, 1S - B, 1961 - TOE ...
9. Metastases in 204 lung cancers by site and radiation dose, LSS autopsy series, Hiroshima and
MNagasaki, 1961-70
o A FE SR LA P 0 il AE 20a0A 12 B 1T SUEFE s I & UL, TR B - BWE, 1961 - TOMF

15

20

12

13



11,

13,

Chrenic and healad pulmonary tuberculosis in 204 lung cancer autopsies by histologic type, .85
autopsy series, Hiroshima and Nagasaki, 196170

5 80 UL b O I 20080 4050 12 & 1+ 5 MEIL IS0 b kU808 L 2 Wi ailie b U8
EE - g, 1961 - T

Bronchial epithelial changes in 204 lung cancer cases by histologic type, LSS autopsy series,
Hiroshima and Nagasaki, 196170

Bl WP o I 20412 £ 11 DRW L EUREE (L A, 5 - s, 196 — FOH

. Multiple primary malignancies one of which is lung, LSS autopsy serjes, Hiroshima and Nagasaki,

196170
Teim WAL ORI 517 5 5 4% 1 BB 0 —— HWRET o 2, I8 - Jed,
1961 — 70

Autopsy rate by radiation dose for all deaths in the 1.SS sample and those with a death certificate
diagnosis of lung cancer, Hiroshima and Nagasaki, 1961-70

HoMELN D 2ECHE E URELEBHF A U A S L kT v b 0w WA R, B
ey, 1961 - 7068

Death certificate detection rate for lung cancer by radiation dose based on autepsy confirmation,
LSS autopsy series, Hiroshima and Nagasaki, 1961-70

Fim i AL s FUHSMBDE R LB LB BT EL R, ARUER, B . i,
T80T =009 o,

13

14

16

L6

S ——————— =



Research Project IF% 38 8.69

Technical Report 3454545 % 32.72

Approved 7RF8 17 August 1972

LUNG CANCER AT AUTOPSY IN ATOMIC BOMB SURVIVORS AND CONTROLS
HIROSHIMA AND NAGASAKI 1961-70

Eﬁﬁﬁ%s&Uﬁ%%mﬂﬁtﬁw5%ﬁ,KE-EH,WN—WE

1. AUTOPSY FINDINGS AND RELATION TO RADIATION
I BIMRAT R & 5 OIS M & o B

ROBERT W. CIHAK, M.D."" ; TORANOSUKE ISHIMARU, M.D.,M.P.H. ( & 43 2 B ¥y

*

ARTHUR STEER, M.D.! ; AKIRA YAMADA, M.D.( wim m )t

Departments of Pathology ! and Statistics?
FEA & £ U R

SUMMARY

Cancer of the lung is increased in persons exposed
to chemicals, long term radiation, lung irritants,
and other substances. Previous studies indicated
there might be an increase of lung cancer in atomic
bomb survivors in Hiroshima and Nagasaki. Lung
cancer was present in 204 of 3778 autopsies on
radiation exposed survivors and controls performed
during 1961-70. Using the WHO classification, 32 %
were epidermoid, 19% small cell anaplastic, 29%
bronchogenic adenocarcinoma, 9%  bronchiolo-
alveolar, and 11 % other types of carcinoma. Small
cell anaplastic carcinomas were definitely increased
in irradiated persons compared to controls (relative
risk  3.9; P<.05). Epidermoid and bronchogenic
adenocarcinoma showed increased risk but this was
not statistically significant., In this enrire series,
B9% were 60 years old or older, 67% were in men
with male/female ratios of 2.4:1 for epidermoid,
3.2:1 for small cell anaplastic, and 1.3:1 for
bronchogenic adenocarcinoma. No data were available

fora studyof the possibleeffect of internal irradiation.

It was evident that analysis for the carcinogenic
effect of external irradiation at the time of the bomb
could not be made without simultaneous consideration
of cigarette smoking and occupational effects. An
analysis of the effect of these factors on the inter-
pretation of whole-body irradiation as a cause of
lung cancer is reported separately.
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INTRODUCTION

It appears to be well established that there is an
increased incidence of lung cancer when radiation-
emitting substances such as radon and its radioactive
daughters enter the lungs and are present there for
long periods of time. Numerous reports have
documented the carcinogenic effect of chronic alpha-
particle bombardment of the lung substance from
inhaled material in miners in the European and North
In  Japan, Yamadall
described the pathologic findings in lung cancer in
workers  chronically exposed to mustard gas, a
radiomimeric agent. In both the miners exposed to
radioactive dust and the workers in the mustard gas
factory the carcinogenic agent was in persistent and
intimate contact with the bronchial epithelium.
Histologically, the increase in lung cancer in the
above smdies was noted to be due to increases in
the small cell anaplastic and squamous cell types
of carcinoma.

American  continents, 1=10

Surveys of populations exposed to externally applied
radiation have been less numerous than those dealing
with inhaled radioactive substances and the attendant
data has been less conclusive. In their survey of
mortality among patients treared with external irradi-
ation for ankylosing spondylitis, Court Brown and
Doll 12 found an increase in tumors of several organs,
including the lungs. However, histological typing
of the lung tumors was not performed in their study
and therefore histologic comparison could not be
made with the studies mentioned above. Simpson and
Hempelmann!? conducted a 27-year follow-up of a
large group of children given thoracic X-irradiation
for enlarged thymus and though thyroid carcinoma was
markedly increased and leukemia and bone tumors
were observed, no pulmonary tumors were found.
FFifteen years after the Bikini atomic explosion
accidentally exposed a number of Marshall [slanders
to radioactive fallour, no pulmonary neoplasms were
reported although an increase in thyroid cancer was
documented. 14

Animal studies in general have supported the findings
of the carcinogenic effect of inhaled radiocactive
particulate material observed in miners.13-17 As for
external irradiation, high-dose X-irradiation applied
to the thorax of hamsters has resulted in malignant
change in from 2% to 12% of the animals. 18,19
In mice, X-irradiation and fast neutron application
have not been associated consistently with an
increase in pulmonary cancer.20:2l  Gross et all?
attributed an increase in pulmonary tumors in rats
to the synergistic effect of radiation and the endemic
pulmonary inflammation common to many rodent
colonies. Thus it appears the particular type of
animal used as well as potentially additive factors
such as chronic inflammation are important factors
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in experimental radiation-induced

malignancies.

pulmonary

The survivors of the atomic bombs constitute the
largest source available for study of the effecrs of
single, whole-body exposure to radiation in humans.
In Hiroshima and Nagasaki the delayed effects of
radiation are being studied in survivors and controls
selected as members of a fixed population, the
JNIH-ABCC  Life Span Study (LSS) sample. An
increased risk for leukemia, thyroid cancer, salivary
gland rtumors, and perhaps lymphoma and breast
cancer has been found among the more heavily
irradiared individuals.22-26  Several reports have
indicated that there probably is an increase of lung
cancer in the survivors.27°29  Wanebo et al, 30
studied the cases accumulated through 1966 and
reported thar lung cancer was increased in frequency
among heavily irradiated survivors. However, in
the 51 cases of the ABCC-JNIH Adult Health Study
sample in which tissue sections were available for
microscopic review, no increase in any particular
histologic type could be demonstrated. They found a
relationship between lung cancer and radiation
dosage when the diagnosis was based on death
certificates, and only a consistent butnot statistically
significant  relationship when based on autopsy
confirmed cases. In a study of 200 autopsied cases
of lung carcinoma in Hiroshima and Nagasaki
Mansur et al,31 stated that the relative frequency of
the various histologic types was comparable with
reports from other countries. Among the 200 autopsies
there were 63 which were suitable for evaluation of
radiation exposure. There was a slight but statisti-
cally significant increase in lung carcinoma in those
receiving 128 rad or more at the time of the bomb
(ATB) when all histologic types and both sexes
were combined. No increase was found when the
male population alone was examined, nor was there
any significant increase in any separace histologic
type of lung carcinoma.

Since the last ABCC report, additional cases of
lung cancer in the LSS sample have come to autopsy
and an epidemiologic investigation of smoking and
occupational exposure has been completed. This
report gives the findings in 204 autopsies by
histologic type as related to the radiation dose in
rad. The description and interpretation of the
epidemiologic survey will be reported separately.

METHODS AND MATERIAL S

Population. The LSS population is a fixed sample
consisting of approximarely 100,000 persons who
were living in Hiroshima or Nagasaki at the time of
the 1950 National census. [t is composed of four
comparison groups selected by distance from the
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bomb hypocenter ATB; 1) an inner proximally
exposed group of 27 800 survivors who were within
2000m from the hypoceater; 2) an outer proximally
exposed group of 16,600 survivors who were from
2000 to 2499m from the hypocenter; 3) a distal
exposed group of 27,800 survivors who were from 2500
to 10000 m from the hypocenter; and 4) a group of
27,800 persons who were not in either city ATB.
Groups 3 and 4 were matched to Group | by age and
sex. Subsequently the radiation exposure dose for
each survivor was estimated in rad based on air decay
curves and shielding factors following special
surveys and investigations ac ABCC and ar the
Oak Ridge National Laboratory.32.33 The dose in
rad (TGSD) is the simple sum of the gamma and
neutron radiation dose. No data were available for
a study of the possible effect of internal irradiation
ATB although it is generally believed thar in these
cases this probably was not a significant factor.
In approximacely 5% of the members of the sample a
dose could not be estimated because of peculiar
shielding configurations and in the tables they are
listed as “'no estimate.”” The study is based on all
autopsied cases of primary lung cancer observed in
the JNIH-ABCC LSS population, Hiroshima and
Nagasaki in the 10-year-period 1961-70.34

Most of the autopsies were performed at ABCC burt
many were performed by pathologists at the univer-
sities and hospitals of the two cities. The number
of autopsies in this study from each city (Hiroshima
156; Nagasaki 48) approximates the ratio of 3:1 for
the population of the two cities in the LSS sample.

Selection of Malerial. Because of various biases in
selection of cases, autopsy material accumulated
by ABCC prior to 1961 has limited value for the
study of radiation exposure effects and was not
included in this study. The protocols and slides
from all autopsies coded with a diagnosis of primary
lung cancer in the years 1961-70 were reviewed.
Decision as to whether any particular case qualified
for this study was based on the gross description
and microscopic picture without knowledge of the
patient’s exposure status. Two cases with micro-
scopic changes characteristic of pulmonary wumorlers
were not included in the study because of their
uncertain  position in relation to lung cancer,
Particular attention was focused on cases with an
additional extra-pulmonary primary carcinoma to rule
out the possibility that lung metastases were being
mistaken for a primary lung cancer. Six cases were
rejected because they had an associated malignancy
of a histologic type so similar to thar of the
pulmonary tumor that evidence for primary lung cancer
was equivocal. Three cases were excluded because
no biopsy or surgical material was available to
establish the diagnosis and no lung cancer was
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found at autopsy although they had been treated for
lung cancer based on clinical findings. A total of
204 autopsies with primary lung cancer were accepred
for this study. Examination of records showed that
none had received radiation therapy prior to the
onset of the lung cancer,

Histologic Classification of Tumors. The WHO
histologic classification of lung tumors35 was used,
All sections from the lung tumors were reviewed by
at least two pathologists who did not know radiation
exposure status, smoking or occupational history,
age, sex, or other clinical data relating to the
patient. In most cases the lungs fixed in formalin
were available for reexamination and for selection of
additional blocks for histologic study.

Epidemiologic Information. The lungs and lung
sections were examined for evidence of active
tuberculosis  as well as for old, healed scars
consistent with healed tuberculosis., Subsequently
the clinical history of each patient was also examined
for evidence of tuberculosis. Chronic or old healed
tuberculosis was diagnosed if there was clinical
evidence of tuberculosis more than 3 years before
death and old or healed pulmonary granulomatous
disease consistent with tuberculosis at autopsy. Ifa
clinical history was not available, the diagnosis was
made if acid fast bacilli were found in old caseous
foci.

Additional data were obtained from the protocols
including date of onset and duration of disease,
Sites of metastasis were verified by examination of
histologic sections. The significance of the lung
cancer was reevaluated as to whether it was the
underlying disease or was not related’to the cause of
death. All information was entered on code sheets
and submitted for sratistical evaluation. Analyses
were made based on data already in the computor
including age, sex, date of death, place of death,
radiation exposure, etc. The description and methods
of analyses of the smoking and occupation survey are
re ported separately.36

RESULTS

During the 10-year period 1961-70, 10,412 persons
in the LSS sample died. Autopsies were performed
on 3778 of these persons of whom 204 had a
confirmed diagnosis of lung cancer. In 190 of the
patients, lung cancer was the underlying (principal)
disease while in 14 patients the lung cancer was
small and found incidentally during autopsy. The
male/female ratio was 0.72:1 for the entire LSS study
population, 1.07:1 for the entire autopsy series
and 2:1 for lung cancer.
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Histological Types of Lung Cancer. The distriburion
of the confirmed lung cancers by sex and histologic
type is listed in Table 1. Epidermoid carcinoma was
most frequent in males and bronchogenic adenocarei-
noma most frequent in females. Epidermoid and
small cell ansplastic carcinoma together accounted
for 57 % (77/136) of the cancers in men and 409
(27/6G8) in women. Bronchogenic adenocarcinoma
was found in 24% of the men and 38 % of the women.
Bronchiolo-alveolar carcinoma was found in 7% of
the men and in 15% of the women. The male/female
sex ratios for these tumors was; 2.4:1 for epidermoid
carcinoma, 3.9:1 for small cell anaplastic carcinoma,
1.3:1 for bronchogenic adenocarcinoma, and (1.9:]
for bronchiolo-alveolar carcinoma. When calculated
in terms of percent for each sex or by rate per 1000
autopsies performed for each sex,
carcinoma and small cell anaplastic carcinoma were
significantly more frequent in males than in females
(P<.01 and P<.001 respectively) but there was no
statistically significant difference in frequency by
sex for any of the other histologic types of lung
Tumors with any epidermoid or small cell
anaplastic characteristic comprised 52% of the
lung cancers. No carcinoid, bronchjal gland tumors,
papillary surface tumors, “‘mixed” tumors, carcino-
sarcomas or primary lung sarcomas were found in

epidermoid

cancer,

this autopsy series,
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TABLE 1 DISTRIBUTION OF 204 LUNG CANCERS BY HISTOLOGIC TYPE AND SEX, LSS
AUTOPSY SERIES, HIROSHIMA AND NAGASAKI, 1961-70

#1 HEHEED DO B SN 204800 7 K50 MHERIEY B & U,
NG - Bels, 1961 — 704

WHO Classification Male Female Total
Group Histological Type MNo. % ) Nao, % No. %
I Epidermoid 46 33.8 149 27.9 65 31.9
1 Small cell anaplastic 31 22.8 8 11.8 39 19.1
11-1 Bronchogenic adenocarcinoma 33 24.3 26 38.2 59 28.9
-2 Bronchiolo-alveolar

Adenocarcinoma 6.6 10 14.7 14 9.3
v Large cell carcinama 249 3 4.4 7 3.4
v Combined epidermoid and

adenocarcinoma 5 3.7 0 5 25
X1 Unclassified * 8 5.9 2 2.9 10 4.9
Total 136 104,0 68 10040 204 100.0

Test of significance by sex and tvpe r: =13.206

df =6 P< .05

*This group included the following histological types of cancer: Epidermoid + large cell anaplastic — 2 cases;
Epidermoid + small eell anaplastic — 3 cases: Small cell anaplastic + bronchogenic adenocarcinoma — 3 cases:
and two cases of undifferentiated carcinoma which could not be classified into any of the other categories,
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MBI VE + KA B T PE = 2 B, 8 460 5+ SR 5038 77 4 = 3 f#,
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Radiation Effects. The prevalence rates of lung
cancer in the LSS autopsy series by dose for the
10-year-period 1961-70 is given in Table 2. There
was no significant difference in lung cancer race
for those who received less than 1rad ATB (col E)
and those who were not in either city ATB (col F).
Comparison of the lung cancer rate for those who
received 200rad or more ATB (col A) with the rate
for those who received less than 1rad showed a
two-fold increase in rare (P <.05) for the high dose
group in both cities together. Table 3 gives the same
information by city with little difference in the rela-
tive risk (>200rad vs <lrad) but a suggestive
difference of P<.1 for Hiroshima only. There was
no significant difference in the lung cancer rate by
sex (Table 4) although the rate was higher for those
in the high dose group.

Table 5 lists the crude prevalence rates for lung
cancer in the LSS autopsy series by histologic
type and radiation dose. The small cell anaplastic
type was the only type which showed a significant
increase for those exposed to 200rad or more.
The prevalence rate was approximately four times
higher in the heavily exposed group than in the
group who received less than lrad, All three of
the individuals with estimated exposure levels of
more than 400rad had small cell anaplasric lung
carcinomas,

METIROFE: 1961 -T0FEDI0ER 12511 2 B4 E
WEHI OB B 250 TES 6 R & B o RS R
F2IIWLA, BB rad A il o) B 81 55 & = 14 B
(Ef) & £ UBREEMTT S0 oo 22 (F A s, il
BMARBICHR S22, BB 200 rad L -4 24
AHE(AM) &1 rad Rili s 2148 LD E R RO
ol Wis 4 HABBRERORE(P< 05) 47218
DRMERLTVA, BIICERUEEMEHENIZRL -,
M AIFERRE I3 E L A LR % 0 (=200 rad 4 <
1Lrad )4, IE&Z2 1T OMEG UM ERELE(P<
LO)AUREE E LA, AR AR O I A 1L B A
ChiREmD ks, EHELELTEMENCHEDEIL S 55
2 (F4).

RO, BENEEROMRTHG 61 AMEGOHY
B MR & & ORI RIS R L~ 200 rad 1Y
Lmﬂﬁcﬁmbkﬁtﬁﬁmmm%mttmm,$m
MﬂﬁﬁﬁmtmﬁHﬁaqt.ﬁmﬁﬁwvﬁ,ﬁﬁ
FIRL rad RMB LD bWABEL» - 1. Ernmag
400 rvad LA ETH -2 3HIE, =& & AR
HRITH -2,

TABLE 2 PREVALENCE RATE OF LUNG CANCER IN LSS AUTOPSY SERIES BY DOSE, HIROSHIMA AND
NAGASAKI, 196170

%2 ﬁﬁﬁﬁmm¢mmm:bm5Mﬁwﬁﬁ$:mmw,m%-ﬁﬁ,w&~m$

T65 Total Dose (rad)

Not in Total

No Estimate 200+ 100199 50.99 140 <1 Gy
(A) (C) (D) (E) (F)
Autopsies 58 127 182 1271 1196 824 3778
Lung cancer & 13 11 68 61 42 204
Crude prevalence rate
{per 1000) 69.0 102.4 G0.4 53.5 51.0 51.0 54.0
Standardized prevalence rate*
(per 1000) B8.9 93.9 60.2 54.3 50.2 49.8
Relative risk 1.8 1.9 1.2 1.1 1.0
Test of significance: Crude prevalence rate: A =B P =4.800 df-1 P<.05

Test of significanee: Standardized prevalence rate: A =E

*Adjusted by sex and age ATB

Yi=5.406 df=1 P<.05



TABLE 3 PREVALENCE RATE OF LUNG CANCER IN LSS AUTOPSY
HIROSHIMA AND NAGASAKI, 1961.70

A HELE R OFI BRI b 2O ERS: St s Ul A,
IR J - Belii, 1961 — 704

73

SERIES BY DOSE AND CITY,

T65 Total Dose (rad)

—  Not in Total
No Estimate 200 + 100-199 50-99 1-49 <1 City
HIROSHIMA
Autopsies 32 82 83 130 936 1049 650 2962
Lung cancer 2 B 5 a 54 50 29 156
Crude prevalence rate 62,5 7.6 60.2 61.5 B7.7 47.7 44.6 52,7
Standardized prevalence rate* 87.2 91.9 58.0 65.8 59.0 46.7 44,1
Relative risk 1.9 2.0 1.2 1.4 1.3 1.0
NAGASAKI
Autopsies 26 55 ar 52 833 147 174 816
Lung. cancer 2 B a 3 14 11 13 48
Crude prevalence rate 76.9 90.0 0 57.7 41.8 74.8 4.7
Standardized prevalence rate* 56.0 136.3 38.7 389 75.1 62.8 -
Relative risk 0.7 0.5 1.0

1.8 . 0.5

* Adjusted by sex and age ATR

TABLE4 PREVALENCE RATE OF LUNG CANCER IN LSS AUTOPSY SERIES BY DOSE AND SEX,

#4

HIROSHIMA AND NAGASAKI, 1961.70
R MELEEA D OBREIC &0 S IEOE S, MR E LMD,

Rk - R, 1961 — 704

T65 Total Dose (rad) Not in
City Total
No Estimate 200+ 100-199 50.99 1-49 <1
MALE
Autopsies 43 63 68 88 625 632 430 1949
Lung cancer 3 8 3 7 43 41 30 135
Crude prevalence rate
{(per 1000) 69.8 127.0 441 79.5 68.8 64.9 69.8 69.3
Standardized prevalence rate
(per 1000)* 97.6 118.3 59.0 76.9 69.1 64.2 67.7
Relative risk 1.5 1.8 0.9 1.2 1.1 1.0
FEMALE
Autopsies 15 64 52 94 646 564 394 1829
Lung eancer 1 5 2 4 25 20 12 ]
Crude prevalence rate
(per 1000) 66.7 78.1 8.5 42.6 38.7 35.5 30.5 37.7
Standardized prevalence rate
{per 1000)* 79.7 67.9 37.2 42,4 38.6 35.2 30.7
Relative risk 2.3 1.9 1.1 1.2 1.1 1.0

* Adjusted by age ATB



TABLE 5 CRUDE PREVALENCE RATE* FOR LUNG CANCER IN LSS AUTOPSY SERIES BY HISTOLOGIC TYPE
AND DOSE, HIROSHIMA AND NAGASAKI, 1961-70

®5 AGWEEEDOMEORERE: BN L BRRY, B - Feldf, 1961 - 704F

T65. Total Dose (tad)

Morphologic Type — Nat in Taotal Test
No Estimate 200+ 1-199 <1 City (A+C)
Autopsies 58 127 1573 1196 824 3778
Epidermoid Na. 2 3 an 17 13 65
Rate 34.5 23.6 19,1 14.2 15.8 17.2 F>,10
Relative risk 2.4 1.7 1.3 L0
Small cell anaplastic No. ] 5 14 12 8 39
Rate - 349.4 5.9 10.0 9.7 10.3 P<.05
Relative risk 3.9 0.9 1.0
Bronchogenic No. 2 4 21 19 13 59
adenocarcinoma Rate 34.5 31.5 13.4 15.9 15.8 15.6 P>.10
Relative risk RR 2.0 0.8 1.0
Branchiolo-alvealar N ] (1] 11 6 2 14
adenocarcinoma Rate . = 7.0 5.0 2.4 5.0
Relative risk - - 1.4 1.0
Large cell carcinoma No. 0 0 3 3 1 | 1§
Rate . . 1.9 25 1.2 18
Relative risk - LK. 1.0
Combined and No. 0 1 5 4 5 15
unclassified*® Rate ; 7.9 3.2 3.3 6.1 4.0
Relative risk - 2.4 1.0 1.0

* Rate per 1000 autopsies
**Groups V and XI WHO Classification

TABLE 6 CRUDE PREVALENCE RATE* OF LUNG CANCER BY HISTOLOGIC TYPE AND AGE AT DEATH,
LSS AUTOPSY SERIES, HIROSHIMA AND NAGASAKI, 196170

#6 BEWHEH & 2 MMOMARE: EMES L OTECIERR, L5 - B4, 1961 - 704

Age at Death
Histologic Type

<h0 50-59 60.69 70-79 80+ Total
Autopsies 367 384 1013 L1260 T4 3778
Epidermoid Na. 1 4 25 24 11 65
Rate 2.7 10.4 24.7 19.1 14.6 17.2
Small eell anaplastic Na. 2 2 11 20 4 39
Rate 5.5 5.2 10.9 15.4 5.3 10.3
Bronchogenic adenocarcinoma No. 2 6 25 21 B 59
Rate 5.5 15.6 24.7 16,7 6.6 15,6
Bronchiolo-alveolar
adenocarcinoma No. 0 3 5 7 4 19
Rate 7.8 4.9 5.6 5.3 5.0
Large cell earcinoma MNo. ] 2 2 2 1 7
Rate 5.2 2.0 1.6 1.3 1.9
Combined and unclassified
types®™ Nao. 0 1 7 6 1 15
Rate 2.6 6.9 4.8 1.3 4.0
Total No. 5 18 75 80 26 204
Rate 13.6 46,9 740 63.5 34.5 54.0

* Rate: per 1000 aptopsies
** Groups V and XI WHO Classification



Smoking Factors and Occupational Exposure. Analy-
sis of smoking history and occupational exposure as
factors affecting the prevalence of lung cancer in
irradiated persons in the LSS autopsy series is
reported in 2 separate paper.36 It was concluded
that the data indicate a probable association between
lung cancer and ionizing radiation ATE independent
of smoking. In this group there was no occupational
exposure effect related to radiation.

Age Factors. Table 6 gives the crude prevalence
rate for lung cancer by age at death and histologic
type. Of the 204 pacients, 181 (89 %) were 60 years
old or older and only 5 were below age 50. This age
distribution in general held for all histologic types.,
However, in terms of prevalence rates, both
bronchiolo-alveolar and large cell carcinoma were
most frequent in the age decade 50-59.

Table 7 gives the prevalence rates for lung cancer
by dose and age ATR. Only one person was below
age 200 ATB and he received less than lrad. There
were 24 between age 20 and 39 ATB and 156 between
ages 40 and 59 ATB who developed lung cancer. The
relative risk for those exposed to 200rad or more
compared to those who received 1rad for these two
age groups was 2.4 and 2.3 respectively, None of the
23 persons who were 60 years old or older ATB
received radiation doses of 200 rad or more.

Metastatie Sites. Table 8 gives the metastases in
percent to 12 specific anatomic sites for each
histologic type of lung cancer. The liver (35 %) and
adrenal glands (32%) were the most frequent sites
for metastasis followed by brain (26 %), heart (24 %),
vertebrae (21 %), kidneys (21 %) and ribs (20%). The
tendency to metastasize to a particular site appeared
to be influenced by histologic type. For example,
only 11% of epidermoid carcinomas merastasized to
the adrenal glands while other types metastasized
to the adrenals much mare frequently. The frequency
of bronchiolo-alveolar adenocarcinoma metastasis to
the liver, adrenals, and brain was similar to that
for the other types of lung
lower for metastasis to other sites.

cancer but consistently
The small
cell anaplastic and bronchogenic adenocarcinoma
types of lung cancer showed a definite tendency for
higher rates of metastases to any given anatomic
site.

In 23 lung cancers there were no metastases to lymph
nodes or any other tissue. Twelve of the cancers
were epidermoid carcinomas, two were small cell
two were bronchogenic

anaplastic  carcinoma,

10

%EE?BJUE%%W&:#@%&%M@%@%W
FRTED 5 h- L AORRTE RS 72 S L
rmm@@s:&m&%mﬁw%ﬁuqnfu,wmm
%“Fﬁ*é.Emuiéﬁmﬁwﬁ&%tmﬁtmw
RS, REEOHECAPHLF, 5IREMEO S S
ZEWREENRS, G C#ERECENTE, IR 2 19 B Gt
REBOREEE S NS b o i,

Em@%:ﬁﬁu,%ﬁwmﬁmﬁiﬁtwima
m&wwau;wtmttbmfﬁa.2mmwﬁ%,
1811A] (89% ) 1460 LI L=y, 5 e & 508 WG T & -
. ZORBAHREEORATSTOMBRBI 0T
Gohf, LAL, 50-59TIE s il Ha Bt &
Uk fa s O HRTE AL W h = 7.

2T IZEHIHE O AIHEE & U B B & ORI SRS R 1o
U7z, [HRBEEEME 40208 LI F o 5E0) 14 1 HMosre, 26
MBS 1 rad LIFTH -2~ & ¥, 20 —390% 05
132400, 40-59e14 1560 TH 7. Z 0 >0 ERs B
200 rad Ll Lo R AR A E RO KT, HHEm
fEMEE TN FN 248 23T 62, JE MEEE 60 5 1) L
ThH 230121, 200rad L) FO#RE 20 ,~E LA
M=,

BROBMM: £8(, 1208%E0RE %M~ OE
Be, BHEBANCESETCTRLALOTH S, HblE
B2 IR (35%) 5L ORI (329%) TH N, &K
WTHR(26%), LB (24%), #iE(21%), B8 (21%)
BEUME (20%) OIETH -7, o~ EgT 2
M, 65 CHBRC L THESNSL5Cho
L e AN, BEEBTENGFBBAERL 0L
ThakH, *DMhoBob TOEETE DT 5D
otz SE LA O FR, A%, & LU~
B, BEOMONO LD L 1ZERBETSH -7 2, 2
DRDHESDESOHE RO LD LD —] L TE
ofe. DHIFERLRAT MG & & CREXEERYE O =5
DEOMHEZ, WTFhof b BeRtERT 2 HE
oAl I £ R RS

3 DB, ) PR & b M L RS 22
eh&mot.:nemﬁe.RWﬁﬁﬁﬁﬁ.zmm
¢mwﬂﬁﬁﬁw,2Wuﬁﬁfﬁ%ﬁﬁm.GWmﬁ



adenocarcinomas, six  were bronchiolo-alveolar
adenocarcinomas and one was an unclassified
histologic type. In 18 of these 23 cases, the tumor
was limited to one lung. Ten of these were present
only in one pulmonary lobe and these tumors were
among those which were considered not to be the
principal underlying disease leading to death. Only
metastasis to the liver (P <.05) showed an association
between site of metastasis and radiation dose ATBH
(Tahle 9).

Association with Tuberculosis. Table 10 shows the
frequency of chronic or old healed pulmonary tuber-
culosis in the lung cancer patients by histologic type
of cancer. The lowest percentage is seen in the
small cell anaplastic type of lung cancer. Tuber-
culosis was present in (46 (17.1%) of the 3778
autopsies in the LSS series and in 36 (17.6%) of
the 204 autopsies with lung cancer. No statistical
selection (P >.10) was found for radiation exposure

ATB and the presence of chronic or healed tuber-
culosis in these cases of lung cancer when examined
by histologic type of cancer.

Bronchial Epithelial Alterations, Table 11 lists the
observed alterations in bronchial epithelium by
histologic type of lung cancer. There was squamous
metaplasia (11 cases), carcinoma in situ (4 cases)
or both (3 cases) in the bronchi of 18 (8.8%) of the
204 cases of lung cancer. When these epithelial
changes were examined by radiation exposure dose
ATB, no significant relation (P > .10 ) was found.

Associated Malignancies. Twenty-one of the individ-
uals in this study were found to have at least one
other cancer in addition to lung cancer (Table 12).
Two of these had two additional cancers. T welve
persons had significant second primary cancers,
(i.e., invasive cancers which frequently are a cause
of deach,) and nine had second primary cancers
which usually remain localized. In che first group the
mean age was 73 and in the second it was G(4.
There are too few cases for analysis by histologic
type although, as seen in Table 12, there is a
suggestion that some types tend to be associated.
In the first group, the lung cancer was the underlying
disease in 11 of the 12 autopsies and carcinoma of
the stomach was the principal disease in the 12th
case (Case #3). !
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TABLE 7 PREVALENCE RATES FOR LUNG CANCER BY RADIATION DOSE AND
HIROSHIMA AND NAGASAKI, 1961-70

7 BUMEEMGORMERRE. Sty L UGS ER A, 58 - B, 1961 — TO4E

AGE ATB, LSS AUTOPSY SERIES,

T65 Total Dose (rad)

—_ - Nat in Total
No Estimate 200+ 100-199 50-99 1-49 <1 City

Age ATB: 20-39
Autopsies 14 25 24 28 175 1756 134 07h
Lung cancer 3 2 7 T 5 24
Crude prevalence rate 120.0 71.4 400 40.0 37.3 11.7
Standardized prevalence rate* 97.5 4.3 40.0 9.4 6.9
Relative risk 2.4 1.9 1o 1.0

Age ATB: 4050
Autopsies 27 74 74 112 773 723 505 2288
Lung cancer £l 10 4 9 55 41 33 156
Crude prevalence rate 148.2 135.1 4.1 80.4 T71.2 56.7 65.4 58.2
Standardized prevalence rate* 146.8 130.5 54.9 8.8 T2.5 56.6 64.6
Relative risk 2.3 1.0 1.4 1:3 1.0

Age ATB: 60+
Autopsies 11 15 13 32 265 240 146 722
Lung cancer 1 (i 12 4 23
Crude prevalence rate 76.9 22.6 50.0 27.4 31.9
Standardized prevalence rate® 79.2 22.6 47.0 26,7
Relative risk 1.7 0.5 1.0

* Adjusted by sex

Note: Lung cancer was found in one of 103 autopsies on persons less than 20 years of
radiation dose was less than 1 rad.

i WM R 2088 LUF @ LO3&I M fleh 1 I B 2 420 2 4%, = OEBERIEL rad IFTH a1

age ATB and in that case the

TABLE 8 METASTATIC SITES IN 204 LUNG CANCER BY HISTOLOGIC TYPE, LSS AUTOPSY SERIES,

HIROSHIMA AND NAGASAKI, 1961-70
B8 BREELEDICH T 5 I 2040 0 R S MLEERR,

R - Fw, 1961 — 70

Histologic Type of Lung Cancer

Site of Metastasis Examined  Epidermoid Small Cell Bronchogenic B:l‘:f]:coll.';ﬂlu. Large Cell Combined and
Anaplastic  Adenocareinoma  Adenocarcinoma Anaplastic Unclassified
%  No. % No. % No. %  No %  No. % N

Heart and Pericardium 204 25 16/65 33 13739 37 22/59 0 019 ] 0/7 53 8/15
Esophagus 201 19 12/63 13 5/39 10 6/58 0 0/1% ] 07 15 2/13
Liver 201 22 14/63 49 19/39 40 23/b8 32 6/19 14 /7 47 T/15
Pancreas 202 2 168 18 7/30 19 11/59 5 1/19 0 07 18 215
Adrenals 201 i1 /63 38 15/39 50 20/58 32 6/19 43 v 20 3/15
Kidneys 202 13 8/63 20 /39 34 20/59 10 2/19 [t} 0/7 33 h/15
Thyroid 202 3 2/63 13 5/39 15 9/59 1] 0/19 1] 0/7 20 3/15
Brain 193 17 10/59 24 9/38 3z LE8/56 22 4/18 a7 4/7 33 5/15
Ribs 204 12 8/64 24 9/38 16 9/h5 11 2/19 17 1/6 13 2/15
Vertebrae 199 8 5/64 32 12438 34 19/56 11 2/19 14 1/7 13 2/15
Mediastinum 202 17 11/64 i &1 6/39 17 10/58 11 2/19 24 217 20 3/15
Supraclavicular lymph nodes 200 fi 4/63 8 3/39 11 6/57 5 1/19 14 1/7 7 1/15

12



TABLE 9 METASTASES IN 204 LUNG CANCERS BY SITE AND RADIATION DOSE

HIROSHIMA AND NAGASAKI, 1961.70
#9 BT IR I OB 2040012 55 13 BHERS : SRS K CHREERI, TRE - EME, 1961 - 709

. LSS AUTOPSY SERIES,

T65 Total Dose(rad)

Site of Metastasis Total I Test A=B=C
No Estimate 200+ 1-199 <1 & NIC
(A) (B) (C)

Heart & Fericardium 250 (1/4) 8.6 (h/23) 76.5 (26/84) 36.9 (38/103) 34.3 (70/204) 819 NS
Esophagus 0 (0/4) 15.4 (2/13) 9.8 (8/82) 14,7 {15/102) 12,4 (25/201) 1,097 NS
Liver 50.0 (2/4) 615 (8/13)  25.9 (21/81)  37.9 (39/103)  34.8 (70/201) 7.355 P<.05*
Pancreas 0 (04) 7.7 (1/13) 9.8 [8/82) 12.6 (13/103) 10.9 (22/202) 545 NS
Adrenals 25.0 {1/4) 308 (4/13) 34.6 (28/81) 29.1 (30/103) 31.3 (63/201) 626 NS
Kidneys 0 {4 23.1 (3/13) 15.9 (13/82) 26.2 (27/103) 21.3 (43/202) 2,898 NS
Thyroid b (0/4) 15.4 (2/13) 11.0 (9/82) 7.8 (8/103) 9.4 (19/202) 1.080 NS
Brain 0 (/e 23.1 (3/13) 23.2 (19/32) 28.9 (28/97) 25.9 (50/193) L6001 NS
Ribs 0 (0/4) 15.4 (2/13) 19.0 {15/79) 14.00 (14/100) 15.7 (31/197) T8 NS
Vertebrae 25.0 (1/4) 23.1 (8/13) 21.3 (17/80) 19.6 (20/102) 20.6 (41/199) 131 NS
Mediastinum 25.0 (1/4) 15.4 (2/13) 14.5 (12/83) 18.6 (19/102) 16.8 (34/202) 589 NS
Supraclavicular lymph nodes 25.0 (1/4) 4 (0/13) 7.3 (5/82) 8.9 (9/101) B.0 [16/200) 1.316 NS

NS =P>.10

TABLE 10 CHRONIC AND HEALED PULMONARY TUBERCULOSIS IN 204 LUNG CANCER
AUTOPSIES BY HISTOLOGIC TYPE, LSS AUTOPSY SERIES,
HIROSHIMA AND NAGASAKI, 196170

#10 HHEELB D OME 2008 6010 51 BN PENT AR b & O L A W
FHAERE, B8 - B, 1961 - 704

Chronic and Healed

Histologic Type Tatal Tuberculosis
Na. %
Epidermoid 65 11 16.9
Small cell anaplastic 39 ] 12.8
Bronchogenic adenccarcinoma hY 10 16.9
Bronchiolo-alveolar adenocarcinoma 19 26.3
Large cell carcinoma 7
Combined & unclassified 15 5 33.3
Total 204 36 17.6

TABLE 11 BRONCHIAL EPITHELIAL CHANGES IN 204 LUNG CANCER CASES BY HISTOLOGIC TYPE OF

CANCER, LSS AUTOPSY SERIES, HIROSHIMA AND NAGASAKI, 196170
F11 T WA RE A ONH 204012 513 5 RE X REMES b SMREH, HH - B, 1961 - 704

Bronchioepithelial Change

) Squamous Carcinoma Both
Histologic Type Tatal Metaplasia In Situ

No. % No. % No. %
Epidermoid B5 7 10.8 2 3.1 2 3.1
Small cell anaplastic 39 0 1 2.6 a
Bronchogenic adenocarcinoma 59 3 5.1 { 0
Bronchiolo-alveolar
adenocarcinoma 19 0 0 ]
Large cell carcinoma 7 1 14.3 0 0
Combined & unclassified 15 0 1 6.7 1 6.7
Total 204 11 5.4 : 2.0 3 1.5
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TABLE 12 MULTIPLE PRIMARY MALIGNANCIES ONE OF WHICH IS LUNG, LSS AUTOPSY SERIES,
HIROSHIMA AND NAGASAKI, 1961-70

#12 %ﬁ%ﬁmm¢mﬂﬁwuﬁﬁa5%&@%%%&M%wwﬁﬁWﬁfévtm.
I« W, 1961 — 704

Histelogic Type
Sex Age X ol S B
Lung Cancer Other Cancer

A. Significant Second Primary Cancer

1 M 82 Epidermoid Adenocarcinoma, stomach

2 M 79 Epidermoid Adenocarcinoma, stomach

3 M 63 Epidermoid Adenocarcinoma, stamach

4 I 79 Epidermoid Adenocarcinoma, stomach

5 I’ 82 Epidermoid Adenocarcinoma, rectum (oceult carcinoma,

thyroid)

[ 1) 66 Epidermoid Epidermoid, cervix

7 M 78 Small cell anaplastic Adenocarcinoma, rectun

8 F 81 Small cell anaplastic Adenocarcinoma, stomach

9 M 67 Bronchogenic adenocarcinoma Adenorarcinoma, stomach
10 F 78 Bronchogenic adenocarcinoma Adenocarcinoma, thyroid: Adenocarcinoma, colon
11 F G5 Bronchogenic adenocarcinoma Epidermoid, cervix
12 M 56 Combined epidermoid and

adenocarcinoma Epidermoid, larvnx

B. Localized Second Primary Cancer

1 F 57 Small cell anaplastic Occult carcinoma, thyraid

2 M 65  Small cell anaplastic Oceult carcinoma, thyroid

) M 70 Small cell anaplastic Occult carcinoma, thyroid

4 M 649 Small cell anaplastic Transitional cell carcinoma, urinary bladder
5 F 32 Small cell anaplastic Carcinaid, rectum

6 M 59 Bronchogenic adenocarcinoma Cecult carcinoma, thyroid

7 F 61 Bronchogenic adenoearcinoma Occult carcinoma, thyroid

8 F 63 Bronchogenic adenocarcinoma Occult carcinoma, thyroid

9 F 69 Bronchiolo-alveolar adenscarcinoma Oeeult carcinoma, thyroid

A. Significant second primary cancer - An invasive primary cancer urising in a site other than lung. Execepl for
case 3 (gastric cancer) lung cancer was the underlying disease for all cases in this group.

B. Localized second primary cancer - A slow growing localized histologically malignant tumor with little potential
for distal metastasis. None of the second tumors in this group were bielogically significant.

A MEOTH2ARES — B R EOBIER TGO BEIIBEL A, ER2 (R 4R 0T 08K+ 3
EFTH, WESFRATH -

B, AR 2 FREMES —a B0 s 2 GRRECHESN B CEM M ~0EEOREBIED L 4 wikl, o
BEBT M2l i w PR E SN R EEIL S D 2,
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DISCUSSION

Prior to 1961, less than 10% ‘of the deaths in the
LSS sample were autopsied and there was a strong
selection bias in that the main effort was directed
at obtaining autopsies on persons, close to the
persons who had had radiation
sickness symptoms, on persons with certain death
certificate  diagnoses such as leukemia, erc. In
1961 the autopsy procurement system was changed
and trained autopsy contacrors solicired permission
for autopsy on all members of the 1SS sample, As a
result of their vigorous efforts, the autopsy rare for
the LSS sample rose 0 35% to 45 % in the period
1961-70. However, permission for autopsy stcill was
more easily obtained for some categories of patients
than others. This was especially true for heavily
irradiated survivors, members of the Adult Health
Study sample, persons dying of a hematologic disease
(equated by lay people with *“‘atom bomb disease’")
etc.

hypocenter, on

Death certificates are obtained regularly on more
than 98% of persons in the LSS sample who die.
These are used as one test of bias in the autopsy
sample. Table 13 gives the autopsy rate by radiation
dose for all deaths in the 1.S§ sample and for those
with a death certificate diagnosis of lung cancer.
There is definite selection (P<.001) for radiation
in obtaining autopsy permission in the LSS sample
but not for radiation in obtaining permission when
the death certificate lists lung cancer. Tahle 14
gives the death certificate detection rate by radiation
This is the percent of lung
cancers found at autopsy which were also listed
on the death certificate. The analysis is based on
184 rather than 204 autopsy confirmed lung cancers
because 20 were not clinically recognizable and
therefore could not be expected to be listed on
death certificates. The statistical test of this data
indicates that death certified and autopsy confirmed
lung cancers were not selected by radiation dose
for inclusion in the autopsy series.

dose for lung cancer.

It should be noted in Tables 13 and 14 that the
autopsy rate for persons certificare
diagnosis of lung cancer and for persons with
autopsy confirmed death certificate diagnosis of
lung cancer is higher for those who received 200 rad
or more ATB than for those who received less than
Irad. The autopsy rate is 82% (9/11) vs 52%
(33/63) for the high and low dose persons with
death certificate diagnosis of lung cancer and
the death certificate detection rate is 62% (8/13) vs
48 % (27/56) when the deach ceriificate diagnosis of
lung cancer is confirmed by autopsy. These
differences are not statistically significant although
they do suggest that the more heavily irradiaced

with death
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survivors who are suspected of having lung cancer DEED & 555 EE 0 B A 1212 80 8 R0t B A
are more likely to have autopsy and cthat their . e i %
clinical diagnosis is more likely to be correct. b0, TOWKBEL LY ELWITRMEANRTS 3.

TABLE 13 AUTOPSY RATE BY RADIATION DOSE FOR ALL DEATHS IN THE LSS SAMPLE
AND THOSE WITH A DEATH CERTIFICATE DIAGNOSIS OF LUNG CANCER,
HIROSHIMA AND NAGASAKI, 1961-70

%13 HaWELMABOLECH L L URCRITEM RS e 2 - Tvrton
MBI EI R, L8 B4, 1961 - 704

Test for Difference of
T65 Total Duse  Deaths* Autopsies Autopsy Rate Autopsy Rate
(%) by Dase [ y*test)

A, All Deaths

No estimate 148 58 39,2
200+ rad 270 127 47.0 X =70,808
1-199 3020 1573 40.1 df =4
| 3442 1196 34.7 P<. 001
Not in City’ 2632 824 31.3
Tutal 10412 ATTE 26.3

B. Lung Cancer as Underlying Cause of Death on the Death Certificate

No estimate ] 3 a0.0
200+ (1] ) 81.8 T ~T.473
1-199 105 fil 58.1 df =4
<1 63 33 52.4 P> .10
Not in City 57 24 4201
Total 242 130 53.7

* A-Total number of deaths
B-Number of deaths with a death certificate diagnosis of lung cancer

TABLE 14 DEATH CERTIFICATE DETECTION RATE FOR LUNG CANCER BY RADIATION
DOSE BASED ON AUTOPSY CONFIRMATION, LSS AUTOPSY SERIES,
HIROSHIMA AND NAGASAKI, 1961.70

Bl BEWEERB P 2MEOR I L SR BEBERCORREE.
AR, RJ - EuF, 1961 - 70§

Lung Cancer

———  Detection*  Test for Difference of
T65 Total Dose o — &r:-xlj:}?(;lthe Rate (%) Detection Rage by Dose

(a) (1]
No estimaie 4 2 50.0
200+ rad 13 8 61.5 Xi=4.768
1-199 75 49 65.3 df =4
<1 56 27 48.2 P>.10
Not in City a6 18 50.0
Tatal 184 104 56.5

* Detection rate: bfa » 100
Note: 20 lung cancers found at autopsy were deleted because they were not clinically
recognizable or detectable. Subsequently lung cancer was given as the principal
diagnosis at autopsy in 6 of these cases. None were deleted in the 200 rad or
more group. There were 9 in the 1-199 rad group, 5 in the less than | rad group
and 6 in the NIC group that were deleted,
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The distriburion of lung cancers by histologic type
in this series is similar to that reported by
Christiansen37 and by Herman and Crittenden38 who
used a histologic classification similar to the WHO
classification. The average age at death in our
series appears somewhar higher than that found by
Miyaji39 in his report on lung cancer in Japan.

An increased risk of lung cancer was found for
those individuals exposed to 200rad or more ATB.
Although  the risk was for
epidermoid, bronchogenic adenocarcinoma, and for
combined and unclassified carcinomas (Table 5),
only the relative risk of 3.9 for small cell anaplastic
carcinoma was statistically significant (P <.05).
Since smoking has been associated with an increased
risk for this type of lung cancer as well as others,
it is obviously essential that the coneribution of
smoking to the increased risk of developing lung
cancer should be examined before accepting radiation
as the cause for the A-bomb survivors' increased
risk. In the epidemiologic study of smoking and
radiation, 36 the increased risk for small cell
anaplastic carcinoma disappeared evidently because
of the small number of cases involved. However, the

relative increased

data indicated that for all lung cancers, there
probably was a radiation effect independent of
smoking.

Some  recent reports®0 4l suggest thar patients

with chronic tuberculosis have an increased risk
for developing lung cancer. In this autopsy series
there was no evidence for such an increased risk.
In addition there was evidently no relation berween
radiation exposure and tuberculosis because tuber-
culosis equally  distributed
among the various radiation dosage groups.

was  approximately

Chronic  pulmonary infections and intrapulmonary
fibroses of various types have been implicated as a
related factor in the development of a special form
of lung cancer, the so-called “'scar carcinoma,’”42-45
This type is not recognizedin the WHO classification,
In the LSS autopsy series there were 13 lung cancers
which would meet the generally accepted criteria for
"scar carcinoma.” Only one was found in a survivor
who had been exposed to 200 rad or more ATB. Five
of these tumors were small, localized and wichout
metastasis.
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APPENDIX
fit 53

LIST OF LUNG CANCER CASES

_‘-|J ) Ak

MF No,  Autopsy No. Tissue Dx. MF No. Autopsy No.  Tissue Dx. MF No. Autopsy No.  Tissue Dx

1 2 3
! 2 3
2 3 3
1 7 1

1 3 3
2 6 I

3 2 |
2 3 1

I 3
5 3 )
1 o 3

9 1 1
1 ] 5
1 o T

2 2 3
3 2 2
3 1 I
| i 4

1 | 5
7 1 2
2 2 2
2 1 3
1 2 2
| 3 4

3 4 1
3 I 1
9 3 3
3 2 1

2 4

£ = =3
W e
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MF Na. Autopsy No. Tissue Dx, MF No. Autopsy No. Tissue Dx. MF No Autopsy No.  Tissue Dx.

3 1 3
2 1 1
3 3 1
2 9. 6

4 1
1 3 1
3 I 1
2 1 2
] 4 3
3 | 3
3 | fi
4 1 3
2 1 3
3 1 3
4 9 9
3 f )
;i 3 5
4 1 I
2 3 3
2 7 3
1 4 1
1 3 3
2 1 3
T 4 3
1 2 1
2 3 2
3 4 1
4 2 2

Tissue Dx.
1. Epidermoid
2. Small Cell Anaplastic
3. Bronchogenic Adenocarcinoma
Bronchiolo-alveolar Adenocarcinoma

Combined Epidermoid and Adenocarcinoma

3

1

5. Large Cell Carcinoma

L

7. Uneclassified Type of Carcinoma



