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LUNG CARCINOMA AMONG ATOMIC BOMB SURVIVORS
HIROSHIMA —NAGASAKI 1950-64

FEIREBECHTAME, LE - B,

INTRODUCTION

Survivors of the Hiroshima and Nagasaki atomic
bombs, as a group, constitute the most important
source of information available on the effects of
single doses of radiation in humans. Studies of
late radiation effects among the survivors have
included several retrospective surveys of autopsy
material comparing the relative frequencies of
specific malignant diseases in irradiated survivors
and nonexposed comparison groups. To date, in
addition to the well known and well documented
increase in leukemia among proximally exposed
survivors,! increased frequencies have also been
reposted for certain types of lymphoma,? and for
myelofibrosis,3 a ‘“‘myeloproliferative disorder”’
with considerable potential for malignant trans-
formation.

Two general surveys of coded autopsy material at
ABCC have shown slight increases in the frequency
of primary lung carcinoma among the exposed
survivors as compared to the nonexposed. 4.5 A
recent review of coded autopsy information in the
ABCC-JNIH Life Span Study indicated that lung
carcinoma in subjects exposed to 90 or more rad
was increased approximately two times the expected
number.® A more recent analysis by Wanebo et al,
using a variety of independent sources of lung
carcinoma diagnoses, including autopsy, surgical
pathology, death certificate, tumor registry, and
clinical diagnoses, has generally confirmed the
impression that lung carcinoma is increased among
proximally exposed survivors.”

It seemed desirable to expand these observations
by a careful analysis of lung carcinomas with
special attention to histologic types of tumors.
Such an analysis, with careful attention to histolo-
gic type, correlating types with prevalance and
degree of exposure might be expected to reveal a
type-specific increase in lung cancer among the
irradiated survivors. This report concerns such an
analysis of primary lung carcinoma in the ABCC
autopsy series, Hiroshima and Nagasaki, from 1950
through 1964 (September 1964 in Hiroshima).
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A second purpose of the study was an epidemiologic
comparison of the relative frequency of histologic
types of lung carcinomas in Japan with studies in
other countries in which the same classification
system had been used. We feel that the possibility
of a very slight radiation effect does not invalidate
such a comparison. Of much more importance was
the employment of similar histologic and histo-
chemical typing techniques by all investigators in
the smudies compared.

MATERIALS AND METHODS

The study was limited to autopsy material. Proto-
cols and tissue sections were reviewed from all
autopsies performed during 1950-64 in which primary
lung carcinoma was diagnosed.

Histologic Classification of each tumor was perform-
ed by one reviewer (GPM). The tumors were
classified histologically into either epidermoid
carcinoma, small cell anaplastic carcinoma (oat
cell), adenocarcinoma, bronchiolar carcinoma,
mixed carcinoma, or undifferentiated carcinoma (No
carcinoid tumors or adenoid cystic tumors were
encountered). This taxonomy, adopted by the World
Health Organization8 js that of Kreyberg.? The
method has been recommended for geographic
studies of lung carcinoma in order to permit meaning-
ful comparison of one with another. The classifica-
tion system is comprehensive and definitive, that is,
a very large number of tumors can be definitely
typed with few being left as undifferentiated, and it
is reproducible—utilizing precise and objective
criteria. Mucicarmine and Alcian blue srains were
used on all poorly differentiated large cell tumors
with resultant identification of several poorly
differentiated adenocarcinomas. It should be
emphasized, however, that care was used in labeling
tumors adenocarcinoma by histochemical means
alone. If only rare cells contained Mucicarmine-
or Alcian blue-positive material, they were ignored.
However, if one or more cells per high power
field over many fields contained unequivocal
Mucicarmine- or AB-positive material, or if large
numbers of such cells were seen in areas away from
mucin pools, the tumor was labeled adenocarcinoma.
In contrast to the value of histochemical methods in
detecting poorly differentiated adenocarcinomas,
specific histochemical techniques for demonstrating
keratin were of gquestionable value in our hands,
partly because of necrosis in the tumors and partly
The latter is
more of a problem in the ABCC autopsy material
than in most other autopsy surveys and accounts for
the relacively large number of undifferentiated
tumors in our results as compared to some others

because of postmortem autolysis.
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using the Kreyberg classification. Moderate
autolysis is unavoidable in many cases at ABCC
because of the logistics of autopsy procurement. 19

The review of all autopsy material for 1950-64 in
Nagasaki yielded 85 cases of lung cancer. A
similar review in Hiroshima covering the interval
from 1950 to September 1964 yielded 135 cases.
Of these 220 cases, 20 were excluded from this
study f or the following reasons:
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These 200 cases represent 4.2% of all ABCC
autopsies in Hiroshima and 3.8% of ABCC autopsies
in Nagasaki. These percentages of lung carcinomas
in autopsy series are in the same range as reports
of numerous other autopsy series in various pre-
fectures in Japan.l!

Autopsy Procurement, Selection Biases Early
efforts at ABCC to determine the effects of exposure
to A-bomb radiation were based upon the premise
that a radiation-induced condition would be dis-
tinguishable from those conditipns which occur
naturally.  Attention was directed largely to the
identification and study of persons with specific
diseases.
persons who were in closer proximity to the bombs
and to persons who experienced acute symptoms of
radiation exposure. When the Department of Patho-
logy was established at ABCC in 1948, cases were
obtained largely by referral and included a dis-
proportionate  number of leukemias and other

Particular attention was directed to

malignancies.10

As the clinical and autopsy experience grew, it
became increasingly evident that the conditions
seen in exposed subjects were not characterized by
unique features. This realization led to an evalua-
tion of the research program ac ABCCL2 and a
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redirection of effort to the demonstration of increas-
ed incidence of naturally occurring conditions in
exposed subjects. This objective was accomplished
by:

1 the establishment of a sample of 100,000
This JNIH-
ABCC Life Span Study population includes a
group of subjects who were within 2000 m and
nonexposed and distally exposed comparison
groups matched by age and sex;

subjects for a study of survival,

2 the designation of 20,000 subjects in the
Life Span Study population for periodic clinical
follow-up; and

3 the development of an autopsy procurement
program which concentrated efforts to obtain
autopsy material within the Life Span Study
population.

The Life Span Study sample was established to
provide a defined population base with known
composition for the epidemiologic study of mortality
in groups which differ according to their proximity
to the hypocenter at the time of the bomb (ATB).
The basic source of the sample was the supplement-
ary schedules completed at the time of the 1
October 1950 National Census and which listed
those residents of Hiroshima and Nagasaki who
were present in either city ATB. The basic require-
ments for selection eligibility were designed to
facilitate the collection of complete mortality
information on defined groups of nationality, that
the honseki, the official family register of births,
marriages, and deaths, be maintained in a registra-
tion office located within the two cities, and that
additional information be obtainable on the exact
location of the subject ATB. The actual selection
of the Life Span Study population was made in
1959-61.

The autopsy inaterial accumulated by ABCC prior to
1961 has little value for the identification of
exposure effects.13,14 Less than 10% of the
persons autopsied from 1950 to 1960 were in the
Life Span Study. Furthermore, the likelihood of a
study subject being autopsied decreased with
increasing distance from the hypocenter, was
greater for those who had symptoms of radiation
exposure than for those who did not, decreased
markedly in subjects 60 years of age or over, varied
substantially according to occupation, differed
radically according to the death certificate cause of
death, and was greater if the subject died in a
hospital. Thus, the various factors of selection in
the autopsy experience prior to the initiation of the
procurement program would preclude any attempt to
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compare the prevalance of autopsy diagnoses by
exposure category.

Without an attempt to obtain autopsies on as many
deaths in the Life Span Study population as pos-
sible, the establishment of that popul ation would not
have had any effect upon selection biases in the
autopsy series. An au:opsy procurement program, !’
initiated in 1961, was developed to promptly identify
members of the Life Span Study population among
the deaths in each city. The heart of this program
is a register of deaths maintained by ABCC in each
city. This register is kept current by ABCC
contactors who visit hospitals, funeral escablish-
ments, crematories, and death registration offices
twice a day, 7 days a week. An index search is
made for each reported death and when the deceased
is in the Life Span Study population, a trained
contactor visits the attending physician and the
family to obtain permission for an autopsy.

The procurement system has had a striking effect
upon the proportion of deaths in the defined popula-
tion which have come to autopsy. Prior to 1961, the
proportion was below 10%. In 1961, the proportion
increased to one third of the deaths in the popula-
tion, and since 1962 has remained about 40%.
Furthermore, studies of selection in the autopsy
series since 1961,6,10,16 have shown that much of
the selection bias present in the earlier series has
been removed, although some was still present.
Slightly higher autopsy ratios result when the
deceased was within 1400 m from the hypocenter,
when a malignancy was stated as the underlying
cause of death, or when death occurred in a
hospital.

A tendency remains in Hiroshima for the autopsy
ratios to decline as the location of the subject
increased in distance from the hypocenter, but the
range of ratios is not great and the ratio is greater
than one third for subjects who were more than
2500 m from the hypocenter or were not in the city
ATB. In Nagasaki, the autopsy ratios vary by
distance group, but no tendency toward a decline
with increasing distance appears.

It is unlikely that the ABCC autopsy series will
ever represent a truly unbiased sample of deaths in
the Life Span Study population. However, the
autopsy experience since 1961 shows that the biases
still present are small and should not preclude
exposure group comparisons. It must be remember-
ed, however, that while one may feel safe in
comparing between exposure groups the relative
frequencies with which a particular condition is
found at autopsy, it is not necessarily true that the
frequency with which a condition is found at
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autopsy is an unbiased estimate of the frequency
with which the condition is present at death. For
example, the prevalance of primary lung cancer in
the autopsy experience will be increased from the
true prevalance at death by the fact that those
dying of cancer diagnosed before death are some-
what more likely to be autopsied than if a malignan-
cy has not been diagnosed.

Exposure Effect The search for an exposure effect
is based upon the proportion of lung cancers found
in the 1961-64 Life Span Study autopsies discributed
by histologic type according to distance from the
hypocenter and estimated amount of radiation to
which the individual was exposed ATB. The
primary classification used is distance from the
hypocenter since air dose declines rapidly with
increasing distance and beyond 2000 m is low.17
Whole—body radiation doses, with allowance for
shielding, were established for subjects within
2000 m from the hyvpocenter!8 and the cases grouped
so that the lower limit of each succeeding category
is twice that for the preceding dose group. The
exposure data for lung carcinoma in Hiroshima and
Nagasaki were examined separately, and, in the
absence of any observed difference, were combined.
Parallel analyses were performed for males and for
females because of the substantially lower propor-
tion of lung cancers found in women at autopsy.

RESULTS

Exposure Effect The observed numbers of lung
cancer deaths by sex, cell type, and distance from
the hypocenter ATB are shown in Table 1. The
expected numbers of deaths for the various sex-type
categories were based upon the percentages of
tumors of each type in the total experience for each
sex (all distance groups combined). The observed
numbers of lung cancers in subjects within 1400 m
appear slightly higher than expected for both males
and females with fewer than expected deaths
occurring in both the 1400-9999 m and not-in-city
groups. The differences were not significant for
either the male or female experiences, or for the
combined sex experience when tested by Y-square.
Furthermore, no significant change in the numbers
of lung cancers appeared with dicreasing distance
from the hypocenter among subjects within 2000 m.

The occurrence of lung carcinomas by sex and
estimated rad dose in subjects wicthin 2000 m is
shown in Table 2. The occurrence of all lung
carcinomas (sexes combined) by histologic type
according to estimated rad dose is given in Table 3.
The proportion of lung carcinomas in autopsied
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TABLE 1 PRIMARY LUNG CANCER BY SEX AND HISTOLOGIC TYPE
JNIH-ABCC LIFE SPAN STUDY AUTOPSY EXPERIENCE, 1961-64

# 1 ERMENE: 1E5) - AR, FHF— ABCC
I B EEE ), 1961 — 644

Not-in-City
Cell Type Total % 0-1400 m 1400-9999 m HNT S
Yl it Observed Expected Observed Expected Observed Expected
B4 I i ¥ % 0 15 ¥k 7 B i ¥

BOTH SEXES % &t

Total autopsies 1l 4 7 # b 1576 184 1036 356

Total lung cancers Mi{ 7l &% ¥ 63 13 7.4 37 41,2 13 14.3
Epidermoid Hi # 1% 45 27 6 3.3 16 17.6 5 6.2
Adenocarcinoma I3 f# 20 3 2,3 11 13:2 6 4,5
Oat cell & % #i {4 4 9 2 1.0 7 5.9 = 2.0
Undifferentiated # o {L# 3 2 0.4 1 L9 - 0.7
Bronchiolar #ll"A4% % 14 3 - 0.3 2 2.0 1 0.7
Mixed i (74 1 - 0.1 - 0.6 1 0.2

MALE %

Total autopsies [ fi {f] # & 829 100.00 101 536 192

Total lung cancers Mili 4 i# % &% 45 5.43 9 5.4 26 29.0 10 10.4
Epidermoid Ml %1% 4 22 2.65 3 2.7 14 14.2 5 5.1
Adenocarcinoma it # 10 1.21 3 1.2 4 6.5 3 2.3
Oat cell #& % #il a4 7 0.84 1 0.8 6 4.5 - 1.6
Undifferentiated # 7 (L% 3 0,36 2 0.4 1 1.9 - 0.7
Bronchiolar #lll % 4% % {144 2 .24 - 0.2 1 1.3 1 0.5
Mixed i 4 1 0.12 = 0.1 5 0.6 1 0.2

FEMALE #«

Total autopsies &l i Al # & 747 100.00 83 500 164

Total lung cancers i # ¥ 18 2.41 4 2.0 11 12:2 B 3.9
Epidermoid i /% 4 5 0.67 3 0.6 2 3.4 - Jsl
Adenocarcinoma I 10 1.34 - 1.7 7 6.7 3 P2
Oat cell #&3HNafh 2 0.27 1 0.2 1 1.4 - 0.4
Undifferentiated # 7 (L4 - 0.00 2 0.0 = 0.0 u 0.0
Bronchiolar #lll & %1446 1 0.13 - 0.1 1 0.7 - 0.2
Mixed i 510 - 0.00 - 0.0 - 0.0 - 0.0




TABLE 2 PRIMARY LUNG CANCER BY SEX, DISTAN
JNIH-ABCC LIFE SPAN STUDY AU

CE, AND ESTIMATED RADIATION DOSE (T65D)
TOPSY EXPERIENCE, 1961-64

£2 [FSEMENGHE : YER - BEAER) - #E S (T65D) B, FHF— ABCC Hin WA E R, 1961 — 644

Distance and

Autopsies &

Dose Male % Female #
BRRE & b ORI Total Lung Cancer Total Lung Cancer

At T 58 V4 i % B T 56 14 B 45 %
Total #f 829 45 5.4 747 18 2.4
0-2000 m 291 18 6.2 277 3.2
0-1 rad 4 L) 0.0 7 - 0.0
2-3 20 2 10.0 17 - 0.0
4-7 30 1 3.3 23 1 4.3
8-15 46 1 2.2 53 ] 5.7
16-31 51 6 11.8 04 1 1.6
32-63 32 k: 0.0 40 1 2.5
64-127 37 2 5.4 35 A 0.0
128 + 46 5 10.9 27 3 il.1
Unknown A+ #j 25 1 4.0 11 - 0.0
2000-2499 m 135 2 1.5 146 2 1.4
2500-9999 m 211 15 7.1 160 4 2.5
Not-in-city N iE#H 192 10 5.2 164 3 1.8

TABLE 3 PRIMARY LUNG CANCER BY HISTOLOGIC TYPE, DISTANCE, AND ESTIMATED RADIATION DOSE (T65D)
JNIH-ABCC LIFE SPAN STUDY AUTOPSY EXPERIENCE, 1961-64

#3 TEIENE N -

HLEERIG - MR - M it ( T65D ) 7,

T iF— ABCC % 5 3 5 1

i, 1961 —644F

0-2000 m

Cell Type 2000- Not-in-city Total
L E 0-1 rad 2-3 4-7 8-15 16-31 32-63 64-127 128+ U"l}?@w" WIm wHo Kk

Total autopsies #l i i 5 ¥ 11 37 53 99 115 72 72 73 36 652 356 1576

Number of lung cases Bl

Total lung cancers i {7 # £ 0 2 2 4 7 1 2 8 1 23 13 63
Epidermoid 1 # i i - I 1 2 3 = 1 4 1 9 5 27,
Adenocarcinoma fitil - -1 2 1 - 1 2 - 7 6 20
Oat cell i F a1k £ = - - - 1 1 = )} & 6 = 9
Undifferentiated # 7 (L4 - - - - 1 - - 1 - 1 - 3
Bronchiolar #ll %19F & 1 4 - 1 - - 1 - - - - - 1 3
Mixed i & - - - - - - - - - - 1 1

% of autopsied subjects & H D %

Total lung cancers i it i #% & 0 5.4 3.8 4.0 6.1 1.4 2.8 11.0 2.8 35 3.7 4.0
Epidermoid % 1% 27 L9 2.0 2.6 1.4 5.5 2.8 1.4 1.4 17
Adenocarcinoma /%4 1.9 2.0 0.9 1.4 2.7 Tl L7 1.3
OQat cell & Z Nk 0.9 1.4 1.4 0.9 0.6
Undifferentiated = 7 (L4 0.9 1.4 0.2 0.2
Bronchiolar #f %04F % 4% 2.7 0.9 0.3 0.2
Mixed iR &4 0.3 0.1




subjects with exposure to 128 or more rad appears
to be high, a relationship that can be seen for each
sex when males and females are separated. Division
of each sex into subjects with 128 or more rad
exposure vs all lower doses, including subjects
beyond 2000 m, and testing the male contrast with
X-square, and the female contrast with an exact
test, does not indicate that the differences are
larger than might be expected due to chance. When
the contrast for the combined sexes is tested with
X-square, the difference is significant (P 0.01).
The results are not confirmed by regression analysis
of lung carcinoma on log dose.

The differing results obtained with the two methods
of testing dose effect upon the proportion of cases
with lung carcinoma are not necessarily contra-
dictory, for it is possible that a threshold dose
exists which must be exceeded before the risk of
lung cancer is increased. Thus, if a threshold of
128 rad were to exist, the absence of a relationship
between log dose and the prevalance of lung cancer
could be due to the fact that more than 85% of the
subjects within 2000 m with dose estimates
available had exposures below the threshold level.
On the other hand, there is no denying that an
observed high prevalance of lung cancer is not
restricted to high-dose categories and that there is
considerable variation in the prevalance of lung
cancer between groups of subjects with little or no
exposure to radiation.

Epidemiologic  Characteristics While it was
necessary to limit radiation exposure analysis to
the 1961-64 autopsy experience because of various
selection factors related to exposure, the entire
1950-64 autopsy experience is suitable for examina-
tion of epidemiologic factors unrelated to radiation.
The distribution of all lung carcinomas (cities
combined) by age and sex is shown in Figure 1. It
is clear that the age distribution of lung carcinoma
is similar for both sexes, the peak age category
being 60-69 years. The mean age at death is
remarkably similar, 63.8 years for males and 3.3
years for females, and there is surprisingly little
variation in the mean ages at death among the
various histologic types (Table 4). Table 5 shows
the relative frequencies of the various histologic
types of lung carcinoma by sex for each city. It is
evident that the relative frequency of epidermoid
carcinoma in males with lung carcinoma is twice
that of females with lung carcinoma while for
adenocarcinoma the converse is true.

Litcle  clinical information was available on
subjects in the autopsy series, however, in over 90%
of the autopsy protocols, the presenting complaints
were recorded. Table 6 shows the relative frequen-

REBLCHILHEL, RARLLTRDEIE. By
& 128 rad LI Lo @ik & 14 2% &, BRI 2000 m [)5E
DELEECEERBL IS, BFEx? thet, &1
BHEHERHRECHREL 24, 0%, BRI

BLTFBshsDEnERB DS N7, BLLE
EXPHMETHMELALLEZS, HEENEDSAL(P
0.01). ZoFRE, M@t yERCRIBER21T4-
N, ERT AL TELEL S

Al OE T M0 BRELRET 2 2o ik
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BEZ NSRS O BBREIEMNL 2 VWITREY S 5 2
5THD, LA->T, 128 rad EnIMEGEH & 5 &
RE U A&, of feagt it & IR o0 R & o i M 4 4
VDb, flE B AR L T v 5 2000m S O 85%
PlhoBmii MRl T oo~ widigEi o
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FIGURE 1 PRIMARY LUNG CANCER BY SEX AND AGE, ENTIRE ABCC AUTOPSY EXPERIENCE,

195064
Bl RN : MR - FH#BI, ABCC &4/, 1950— 644
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m Male % 7
i L D Female % / A
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or / Z Z % 7 ]
" L, % é —
30-39 40-49 50-59 60-69 70-79 80+ Years i
Age at Deacth 7ELC I & i
TABLE 4 PRIMARY LUNG CANCER BY HISTOLOGIC TYPE, SEX, AND AGE,
ENTIRE ABCC AUTOPSY EXPERIENCE, 1950-64
24 IGURVERGE : HLAREIH - PR - SERSTI, ABCC f) BRI 8
Age Epidermoid Adenocarcinoma Qat Cell Undifferentiated Bronchiolar Mixed Total
i i Hi #2148 I 488 e F2 400 i 1 4 ¥ o (L4 #SUTE R HERER hi
Male Total B, £& 54 38 25 14 3 4 138
30-39 - A 1 » = & ]
40-49 5 2 4 2 = - 13
50~59 15 7 3 2 - 1 28
60-69 15 1.7 8 5 1 2 48
70-79 15 5 8 4 e 1 33
80+ 4 3 1 1 2 - 11
Mean age at death
g . 63.9 62.2 63.7 65.0 15.8 66.2 63.8
TR0 o 1 TE
Female Total . €£%# 13 34 9 3 3 - 62
30-39 2] 1 = - - - 1
40-49 - 4 1 - = - 5
50-59 4 10 2 1 1 # 18
60-69 6 8 3 2 7 5 21
70=79 2 10 3 = = = 15
80 + 1 1 = = = ® 2
d
e -l 65.2 62.9 63.1 62:5 60.8 - 63.3

FE L IR - 2 F
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TABLE 5 PERCENTAGE DISTRIBUTION OF PRIMARY LUNG CANCER BY HISTOLOGIC TY-PE;
CITY AND SEX, ENTIRE ABCC AUTOPSY EXPERIENCE, 1950-64

%5 RN O E 5551 AR - Wili%) - 1R, ABCC &#I#MI, 1950— 64

Hiroshima (& 1% Nagasaki [%# Total & it
Tumor Type
#3 m Male Female Male Female Male  Female

% /3 B " 3 /3
Total cases = HEf & 83 40 55 22 138 62

% of Total Cases £EHO%
Epidermoid #i # 4§ 39 22 40 18 39 21
Adenocarcinoma l## 24 53 33 59 28 55
Oat cell #4448 21 18 14 9 18 14
Undifferentiated +# 7 (L4 12 2 7 9 10 5
Bronchiolar #ll#4F % 144 2 5 2 5 2 5
Mixed i /i 2 0 4 0 3 0

TABLE 6 PERCENTAGE DISTRIBUTION OF PRIMARY LUNG CANCER BY PRESENTING COMPLAINTS
AND SEX, ENTIRE ABCC AUTOPSY EXPERIENCE, 1950-64

# 6 BURPERE O (TR HARS - M, ABCC &#IH1H, 1950— 641

Complaint Male Female Total
BER B i Gt
Total cases* % I [ £ 126 58 184

% of Total Cases =iEfD%

Cough P4t 54 43 51
Chest pain §4# 30 19 27
Symptoms of metastasis ¥ fEAEIR 18 22 19
Fever %k 16 12 15
Hemoptysis il 12 5 10
Dyspnea I 7 14 9
Weakness, malaise ¥ij, #8& 8 5 7
Weight loss (kML 5 5 5
Hoarseness M 2 3 2
Other complaints < @ Lo iff 2 11 14 12

*Number for whom clinical information was available.

BEEA R A S ROl

The sum of edach column of percentdges exceeds 100% because many patients had more than one
symptom or complaint when first seen.

AMOEFTHROEGHELIN BEMI 3., ZAEE(OBEENBH - LOERENIRIAF B2 25TH 3.
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cies of the commoner complaints in cases in which
clinical information was available from the early
Of particular interest are the 19% of cases
in which at least one of the presenting complaints
was a symptom or mass subsequently proved to be
metastatic carcinoma from the lungs. Of these
early metastasizing tumors 54% were adenocarcinoma
23% were small cell anaplastic carcinoma, 17% were
epidermoid carcinoma, and 6% were undifferentiated

course.

carcinomas, while of the total number of lung
carcinomas, 36% were adenocarcinoma, 17% were

small cell anaplastic carcinoma, 34% epidermoid
carcinomas, and 8% undifferentiated carcinomas.

Geographical Comparisons One major objective of
this study was to compare the relacive frequency of
various histologic types of lung carcinoma in Japan
with relative frequencies in other geographical
We have used Kreyberg’s classificarion in
an attempt to make such a comparison meaningful.
In Table 7 the results are contrasted with six other
surveys of lung carcinoma, one from Finland, 19
three from Norway,8.20,21 344 two from the United
States, 22,23 in  which the same classification
system was used. Three of these studies, like our
own, obtained exclusively from
autopsy while in the remaining three the
majority of the cases were from surgical pathology
files. Comparing the relative frequency of epider-
moid carcinoma in surgical material with thac in
autopsy material 1n males, the surgical series are
heavily weighted with epidermoid tumors. Paradoxi-
cally, in females, epidermoid tumors in the surgical
material are
with autopsy material.

areas.

concern cases

material ,

relatively infrequent when compared

In the male series shown, adenocarcinomas (includ-
ing bronchiolar carcinomas) range from 7% to 18%
in the surgical material and from 24% to 33% in
autopsy material. It is interesting to note in the
Herman-Crittenden series the increase in adeno-
carcinomas in males during 1945-57 as compared
with 1927-44. Because of this difference, and the
implication that adenocarcinoma may be increasing
in frequency among males, their data are presented
separately for these two periods. There is remarka-
ble similarity between the distribution of histologic
types in the Japanese series (1950-64) and the
Los Angeles material (1945-57). In all three male
autopsy series containing significant numbers of
cases from years prior to 1945, the relative frequency
low compared to the more
recent experience. In females, no recent increase
in the proportion of adenocarcinomas is seen. In all
series, adenocarcinomas (including bronchiolar
carcinomas) account for about half of all carcinomas

of adenocarcinoma is

in females.
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TABLE 7 GEOGRAPHIC COMPARISON OF PERCENTAGE DISTRIBUTION OF PRIMARY LUNG CANCER
BY HISTOLOGIC TYPE AND SEX

=7

JR RN O F R 55 fa 0 HOERAYT ok SRR - B3R R

Autopsy Material Only

Predominantly Surgical Material

Histologic Type it gos ELLTHMRREEE
i Japan Norway20 Norway2l Usa2?2 Norway? Finlandl? USAZ23
B % 1925-52 1937-46 ————————  1948-60 1958-59 1947-63
1950-64 1927-44 1945-57
Male Total Carcinomas B, £ 138 94 70 258 501 522 547 1140
% of Carcinomas #® %

Epidermoid i % i 59 32 23 35 33 58 61 44
Small cell, anaplastic AfatEB @ 18 30 33 =9 ¥ 19 28 L7
Adenocarcinoma R##2 28 20 21 24 30 13 7 17
Bronchiolar # %8 % # 2 4 3 2 3 2 & 1
Carcinoid # W+ / { F - 7 10 - - 7 0.4 1
Mixed B &% 3 - = 5 3 - 0.6 2
Undifferentiated +#: 7 L 10 7 10 32+ 28+ e £ 18

Other # @i - - - 2 3 1 - 0.2
Female Total Carcinomas %, £ 62 40 30 52 91 78 23 163

% of Carcinomas #® %

Epidermoid ff % & 21 22 10 19 19 8 9 1
Small cell, anaplastic Ml fatkR Bl 14 10 3 - - 10 22 10
Adenocarcinoma J5 55 53 50 35 54 40 56 42
Bronchiolar Al 5 ¥4 5 2 - 17 3 13 - 7
Carcinoid # V5 / 4 F - 8 24 + * 25 9 14
Mixed i & - - - 8 1 - - #
Undifferentiated % % {4 5 5 I3 19* 19* |- it 14
Other % Ml - - = 2 4 4 s 1

*Included in the undif ferentiated category are small cell anaplastic tumors.

kLo p i o hMItERERE ¥ E F h 5.
**Designated "uncertain interpretation’’ by author,
ERHVITHELSMR|L25+TL0,

DISCUSSION

While lung tissue is not

sensitive to irradiation, it

considered especially
seems clear that the
dramatic increase in lung carcinoma observed in
miners working the radicactive mines of Schneeberg
and Joachimstal in Europe?4 and in the uranium
miners of the Colorado Plateau in the USA25:26 js
due to the radioactive environment in the mines.
The tumors accounting for the increase are almost
exclusively of the oat cell type (small cell anaplas-
tic). Increased numbers of oat cell carcinomas with
the same distribution in the lung as seen in the
uranium miners have been reported from Japan among
workers  chronically  exposed
compounds (mustard gas).27

to radiomimetic
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The radiation exposure of atomic bomb survivors
was of a much less chronic nature than among the
The radiation hazard ATB existed,
potentially at least, from three First,
intense gamma and fast neutron radiation from the

miners.
sources.

fission process and from neutron capture by material

in the weapon; second, radiation emitted from
isotopes formed in ground material by neutron
activation; and third, radiation from fallout of

fission products. It is generally accepted that
radiation from neutron activation of ground material
and from fallout constituted an insignificant portion
of the total dose received by survivors in Hiroshima
and Nagasaki.?8  Thus the
occurred as a single acute exposure.

significant radiation
While cthe
magnitude of exposure ranged upwards of several
handred rad, the absolute numbers of persons
surviving large doses and subsequently developing
lung cancer are very small.
carcinomas there is no significant increase in any
one histologic type of carcinoma such as might be
expected if we were dealing with a group of radia-
tion-induced tumors. However, combining all types
for both sexes, there does seem to be a slight
increase in lung carcinomas among those persons
exposed to 128 or more rad. While these observa-
tions of radiation effect are not inconsistent with
the hypothesis that radiation has induced pulmonary
carcinoma, neither do they conclusively support the
hypothesis. Hopefully the addition of the autopsy
experience since 1964 will clarify this question.

In our survey of lung

An unfortunate deficiency in the Japanese material
is the lack of smoking histories. In the autopsy

material, partly because of the nacure of the
subjects, little clinical information of any kind is
available. Generally, however, until very recently

many men and few women in Japan were cigarette
smokers.

The geographical comparisons in Table 7 show that
distribution of lung carcinoma by histologic type
and sex in Japan is generally similar to that in the
USA and Scandinavia, where
studies have been performed. A remarkable degree
of similarity exists between the Japan series and
the macerial from Los Angeles County Hospital
1945-57. It will be interesting to determine if the
pattern of similarity persists among Japanese
in California and Hawaii. Work in the

areas comparable

migrants
latter area is in progress.

SUMMARY

The 200 cases of lung carcinoma occurring in the
ABCC autopsy series for 1950-64 were reviewed.
Histologic typing was performed using the WHO-
Kreyberg classification system.
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Analysis of the 63 cases (1961-6G4) suitable for
radiation effect evaluation revealed a slight but
statistically significant (P 0.01) increase in lung
cancer for all types and sexes combined among
survivors exposed to 128 or more rad. No significant
increase was evident in any single cell type alone,

nor was an observed high prevalance of lung cancer

restricted to the high-dose category when the male

experience was examined separately.

-, WHO-

The relative frequency of the various histologic
types of lung carcinomas among the Japanese is b
LEHX

compared with data from other countries in which

the WHO-Kreyberg classification system has been g, R G FE T

used. The distribution of lung carcinoma by

histologic type and sex in Japan is generally
similar to that in the USA and Scandinavia, areas

where comparable studies have been performed. A
Angeles County Hospital @)%

remarkable degree of similarity exists between the
] apan material and that from the Los Angeles

County Hospital 1945-57.

MASTER FILE AND AUTOPSY NUMBER OF CASES INCLUDED IN THE ANALYSIS

AR T S o B A

Hiroshima — 123 cases K8 — 123 fi
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