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SUMMARY

The ABCC autopsy series for 1961-70 provides
evidence of an excess of lung cancer among A-bomb
survivors exposed to 200 rad or more of whole-body
radiation. A re-examination of the same material
with the addition of information on smoking
history and occupation indicates that the excess
cannot reasonably be explained in terms of either
factor. There were no high-dose lung cancer cases
with exposure to occupations thought to be
related to lung cancer, and adjustment of the
radiation contrast for differences in smoking history
did not cause the apparent radiation effect to
disappear.  The study also provides additional
evidence of the relationship between lung cancer
and cigarette smoking in Japan,

INTRODUCTION

Cigarette smoking, exposure to certain industrial
inhalants, exposure of uranium miners to particu-
late radioactive material, and X-ray exposure have
all been reported to be carcinogenic for the human
lung."™® In previous studies of A-bomb survivors,
investigators have found some evidence of associa-
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tion between radiation dose and risk of lung
cancer, all based on relatively small numbers.” !2
By the end of 1970 the number of deaths from
lung cancer among the exposed subjects of the
INIH-ABCC Life Span Study (LSS) was 245, and
in their analysis of the LSS series Jablon and Kato!?
found additional evidence of association and

estimated the relative risk at 2.0 over the entire
period 1950-70, for those exposed to 200 rad or

more. In both the 1972 UN report!® and the 1972

NAS-NRC report'® the association between ionizing
radiation and lung cancer in man is accepted as
probable. Recently Cihak et al'® presented further
evidence of an association on the basis of the 204
lung cancer cases found in the LSS autopsy series
during 1961-70 studied in relation to cell type and
radiation exposure. Because the evidence of associa-
tion has never been overwhelming in observations
on A-bomb survivors, and Dbecause the earlier
examination of smoking history and occupational
exposure was limited to the material then available,
the 1961-70 autopsy series was used to provide the
basis for an examination of smoking and occupation
in order to clarify further the role, if any, of t‘hese
potentially confounding factors. The present feport
gives the findings of this ancillary study.

METHODS AND MATERIALS

The study sample, verification of diagnosis,
histologic classification of the 204 lung cancers, and
analysis of radiation effect without consideration of
smoking or occupation, have all been described in
the previous papt:r.16 At first, a paired-sample study
was undertaken. Controls, proven by autopsy not
to have died from cancer, were selected from the
LSS autopsy series and matched by (1) sample
classification (i.e., ABCC-JNIH Adult Health Study
(AHS) sample or other part of the LSS sample”};
(2) city of exposure; (3) sex; (4) year of death; and
(5) age at death (grouped as 40-49, 50-59, 60-69,
TO+).

For 6 lung cancer cases, controls could noi be
found to meet these criteria; interviews were then
sought for the remaining 198 pairs. The interview
was structured to provide information on residence,
occupation, and smoking history, the last to
include age at onset as well as approximate daily
consumption of cigarettes. Interviewers visited
close relatives of index and control cases in 1970-71
and had no prior knowledge of either the exposure
or cancer status of the subjects. Insufficient
information about one or the other member caused
18 pairs to be lost from the effective sample, leaving
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180 pairs, 147 in Hiroshima and 33 in Nagasaki. In
2 instances no informant could be found, and in 16
the interview was incomplete. The family or other
relationship of the informant was essentially the
same for cases and controls. Age at onset of
smoking also was the same for both.

The matched pairs proved adequate for only the
first step in the analysis, namely, estimation of the
relationship between each of the two new variables
(smoking and occupational exposure) and lung
cancer. To re-estimate the radiation effect on lung
cancer with the elimination of, or adjustment for,
the effects of the two new variables, it was
necessary to return to the original series in the
first paper,’® and to supplement the smoking
histories obtained by interview for the matched
pairs with information on smoking previously
obtained at the biennial clinic visits of members of
the AHS sample (comprising about 20% of the
LSS sample). The essential evidence for the
radiation effect consists of the following fourfold
table:

2. ZTOWNRILIEE 147 #lT, EMBHTH-L. 2#
THEEEERfFHAZ LT T, 16 CIImEAE
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EAHEE L CRRE B TH o . RERGHOERD
FMAEELELETH L.

Z#I1Z, MBORIKI, Ti2bs, “OOWLVEH(RE
BIRELOBR)ZhFnLGLOMEEEET S
CERABLfEok. COTOOHLWENORESRE
ZOLEBLT, WEIHTIRHBORE L&D THE
ET A8, B1IE®  CH-~AMIio>wTURiITE -4
2EZLORAREEE (RS EEEHOH20% THEEK
EATVA)BFCAFEA-MBIRATIRABEZAAVT
SANEEIAE L LI-TAFLAREELBRET 2L
FLETH-2. BEBOERCMTIEZE 2 E#H1D,
KXNDAHEETSH 5:

Radiation Dose

Lung Cancer
200+ rad <1 rad
Present 61
Absent 1135

An age- and sex-adjusted contingency-table analysis
by the method of Mantel and Haenszel'® gives a
continuity-corrected chi-square of 5.0 for which
P=.01 in a one-sided test.

If smoking histories had been available for all of the
subjects in the fourfold table, a contingency-table
analysis adjusted for smoking level would have been
the method of choice for testing for a radiation
effect not attributable to smoking differences.
Enough smoking histories were available from the
matched-pair study and from medical records to
make it possible to approximate the method of
choice by estimating frequencies for each of the
four smoking classes within each combination of
sex, age at death, dose, and presence or absence of
cancer, and to proceed with the adjusted analysis as
if the estimated frequencies were observed fre-
quencies. This procedure ignores changes in the
covariance structure introduced by estimating the
smoking frequencies, and depends heavily on the
assumption that the estimated frequencies do not
differ greatly from the unknown true frequencies;

Mantel & X 1f Haenszel O HiE" 2L 2 EM & JUHEMN
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however the number of smoking histories available
in each cell of the fourfold table are so large that
these considerations do not constitute serious
objections to the method. With this estimation
procedure, a confounding of smoking level with
dose serious enough to explain a spurious radiation
exposure effect of the magnitude observed should
have resulted in the disappearance of this apparent
effect after adjustment for smoking level.

VELIRELHIKRFLTVSS, dEHAHZOEKE
RAEZASTOWA2REROMUFENIZLEVDOT, Z0FH
FEICHTAMOuEMNREZVTHS . ZOEEEHETIE,
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¥REmBR: BMHBROERSF S 220, ZERD
FERIIBCOBWIHET <2 Ch L.

TABLE 1 AVAILABILITY OF SMOKING HISTORY INFORMATION, ALL LOW-DOSE

AND HIGH-DOSE AUTOPSY CASES IN LSS AUTOPSY SERIES, 1961-70,
BY PRESENCE OF LUNG CANCER

#1 V61-TNEMOFSEFLEF > IOFARMAECITI2E8R - S8EA

BRoMEOFENREERROKE

200+ rad <1 rad
Cancer at Total
Autopsy Smoking Smoking Smoking Smoking
Known Unknown Known Unknown
Present 13 o 59 2 74
Absent 106 8 219 216 1249
Total 119 .8 278 9218 1323

The matched-pairs sample interviews provided
complete smoking information on 10 of the 13
high-dose and 55 of the 61 low-dose lung cancer
cases, and on 6 of the 114 high-dose and 51 of the
1135 low-dose lung-cancer-absent cases. Routine
smoking information was already available in the
medical record of an additional 3, 4, 100, and 168
subjeets, respectively, in these cells. From both
sources combined, smoking histories were available
for 219 of the 1135 subjects in the low-dose,
lung-cancer-absent cell, enough for estimated
frequencies of reasonable precision, and for all or
almost all of the subjects in each of the three other
cells (Table 1). A potentially serious bias could
have been introduced if the medical record informa-
tion had tended to exaggerate the extent of smoking
as ascertained by interview, since the ratio of
proportions of interview records for lung cancer
cases as opposed to lung-cancer-absent cases was
greater in the high-dose group than in the low-dose
group (.77/.06 and .93/.23, respectively). However,
no such tendency could be detected from an
examination of the smoking histories for the 30
subjects for whom both sources were available.

RESULTS

The relative risk of lung cancer for smokers by
histologic type is shown in Table 2. All smokers

fFEFMrEfomESE,>S 12, S8 RWE136$
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TABLE 2 RELATIVE RISK OF LUNG CANCER AMONG SMOKERS, BY HISTOLOGIC
TYPE, 180 PAIRS OF INDEX AND CONTROL CASES

£2 0 wuig s b S HEREM S L ATNE o e faieE, 1R S & O TG 18041

Control, Index, Smoking Test of Relative
Smoking Significance Risk, if
Yes No (df=1) P<.05
Epidermoid Carcinoma
Yes 32 1 x*=164  P<.001 21.0
No 21 4
Small Cell Anaplastic Carcinoma
Yes 22 3 =121 P>.10 -
No 9 1
Bronchogenic Adenocarcinoma
Yes 24 1 x*=10.6 P<.01 15.0
No 15 12
Other Types
Yes 15 6 x*= 0.3 P>.10 =
No 9 5
All Lung Cancer
Yes 93 11 =211 P<.001 49
No 54 22

were cigarette smokers. Epidermoid, small-cell
anaplastic, and bronchogenic adenocarcinoma were
increased in smokers, but significantly so only for
epidermoid and bronchogenic adenocarcinoma. The
17 bronchioloalveolar adenocarcinomas, 7 large-cell
carcinomas, and 11 carcinomas of other types, have
all been combined in Table 2 under “other types”.
For all lung cancers combined Table 3 gives
complete distributions of paired cases and controls
as to number of cigarettes smoked daily. A marked
increase in risk is seen with increasing numbers of
cigarettes smoked.

The 1196 low-dose and 127 high-dose autopsy
cases from the first paper'® are shown in Table 4
distributed by presence of cancer and estimated
smoking history. Frequencies were estimated to
two decimal places and rounded here to one.
Following the Mantel-Haenszel method,"”® the
conditional expected value and variance (given the
marginal totals of the table) of the high-dose
positive (cancer) frequency were calculated for
each fourfold table corresponding to a smoking
class and under the null hypothesis of homogeneity.
Under this hypothesis the test statistic ¥ =
(observed — expected — 0.5)/(variance)”? should
have a normal distribution with 0 mean and unit
variance, where x > 1.645 corresponds to P < .05
and x > 2.33 to P < .01 in one-sided tests. The
analysis was designed to detect confounding of
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TABLE 3 PAIRED CASE-CONTROL COMPARISON AS TO NUMBER OF CIGARETTES
SMOKED DAILY, ALL TYPES OF LUNG CANCER

#3 1HOo®mEEIICLZIHFEREFEFE ok, o /58
Ggm.-c“_gsfday Gga:ctles!day, Index
Control Tom
None 1-9 10-19 20 + Unknown
None 22 16 20 15 3 76
1- 9 5 8 13 14 0 40
10 -19 5 8 14 20 0 47
20 + 1 1 9 3 1 15
Unknown 0 0 0 1 1 2
Total 33 33 56 53 S 180

TABLE 4 LOW-DOSE AND HIGH-DOSE AUTOPSY CASES BY LUNG CANCER STATUS
DISTRIBUTED BY SMOKING HISTORY (ESTIMATED)*

#4 EBBRHIVESBEHEHOBERESL S FICBERE® HoH (EE)
Radiation Lung Cigarettes/Day

Dose Cimoen Total
(T65D) None 1-9 10-19 20+

<1 Negative 61357 195.2 240.1 86.1 1135

Positive 11.1 17.6 17.7 14.6 61

200 + Negative 53.1 25.0 254 10.5 114

Positive 4.0 2.0 5.0 2.0 13

Total 681.7 239.8 288.2 113.2 1323

*Estimates based on cases known for smoking history and stratified by age and sex.
MO G TV EHE TR - EHCHEL THEL L.

radiation dose with smoking level that might be
serious enough for the apparent radiation effect to
be explainable in terms of smoking differences.
Such a confounding, if present, should result in a
substantial drop in the value of x when the
analysis is adjusted for smoking level.

Table 4 gives the estimated frequencies by dose
class, presence or absence of lung cancer, and
smoking level, summed over age and sex. The
total column, (i.e., the original fourfold summary
table) gives the analysis in line (1) of Table 5 with
X = 2.191, unadjusted for age, sex, or smoking.
In order to adjust for smoking, we compute
expected values and variances separately for each of
the fourfold tables in the columns of Table 4
corresponding to smoking levels, and sum to obtain
the analysis of line (2), Table 5, with x = 1.909.
This value of X is still in the range indicative of a
radiation effect, the drop in the value of X being
not nearly great enough to indicate a substantial

HHOMMH R T E HEFE LR E OBRER X KRR L
DRFEFFEMTESLIENL. 20X BEENS
BLAAE, M AR A LIRS, X R
IZISHIM G TS24 TH S,
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ORFETT, MECOVTHET LB, BEREC
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TABLE 5 SUMMARY OF TESTS* FOR EFFECT OF RADIATION ((LOW-DOSE VS HIGH-DOSE)
WITH ADJUSTMENTS FOR DIFFERENCES IN SMOKING, AGE, AND SEX

#5 HEE(ERREER) OBFC L TOREOEY, UH - Fie - NI L - THE

Cases with 200+ rad

Adjustment Basis x Pi
Observed Expected SD
(1)  Unadjusted 13 7.104 2463 2.191 014
(2)  Smoking historyt 13 7.730 2.516 1.909 .028
(3)  Sex 13 6.990 2.441 2.257 012
(4)  Sex and smoking history{ 13 7.829 2494 1.871 .031
(5) Age at death 13 6.984 2.437 2.297 011
(6)  Age at death and smoking history? 13 7.826 2.507 1.820 034
(7)  Sex and age at death 13 7.064 2.438 2.226 .013
(8)  Sex, age ATB, and smoking historyy 13 8.265 2.512 1.509 066

*Summary contingency table analyses using the method of Mantel and Haenszel. 18

Mantel #: t f Haenszel " D HEEIZ L S 7 HENRR.

t Using estimated frequencies within each smoking class (0, 1-9, 10-19, and 20+ cigarettes/day).

HMEAMPORENE LR
1One-sided test. | MWE.

confounding of dose and smoking. Lines (3) and
(4), (5) and (6), and (7) and (8) show the effect
of adjustment for smoking level on analyses already
adjusted for sex, age ATB, and both sex and age,
respectively, with similar results. The relatively
large drop in the value of ) between lines (7) and
(8) reflects the fact that the data are being spread
very thinly by the construction of separate fourfold
tables for each level of age, sex, and smoking.
There are 24 such tables, and only 13 high-dose
lung cancer cases apportioned among them. There
is no reason to conclude the existence of substantial
confounding of sex and age of death with
radiation dose.

Whether the apparently smaller radiation effect is in
fact independent of the larger smoking effect (i.e.,
additive) can hardly be determined on the basis of
so small a sample. Table 6 gives relative risk
estimates obtained directly from Table 4 as well as
standardized relative risk for differences in sex and
age at death. The most that can be said is that the
information available here does not, by itself,
provide any suggestion of nonadditivity.

Occupations thought a priori to be potentially
related to the risk of lung cancer were physician,
nurse, X-ray technician, stoker, caster, handler of
special fuels, smelting furnace worker, machinist,
water supply worker, refinery worker, welder, metal
processor, and chemical plant worker. The only
suggestion of relationship pertains to welders and
metal processing workers for whom the contrast
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TABLE 6 RELATIVE RISK FOR LUNG CANCER IN RELATION TO DOSE
AND SMOKING HISTORY (ESTIMATED)

#6 MEOMEMMRERE LR L & ORI (HE) & OMF

Smoking Radiation Relative Risk
(T65D) Crude Standardized*
Yes 200+ 8.1 8.6
<1 5.2 6.2
Ho 200+ 4.1 3.0
<1 1.0 1.0
*For sex and age at deaih.
gives the following for which a continuity-corrected BTCh-T, RKOESLEBMHFTES. ThiiowTE

x> =2.8 and P=.09.

HBEiix2=2.8T7P=.0975 3.

Index Case (Cancer)

Control
Welders etc. Not welders etc.
Welders & metal processors - 0 3
Not welders & metal processors 10 167

Of the 10 index cases of interest, 2 were welders
exposed to acetylene gas, 3 were exposed to gas
from coke ovens, and the other 5 had miscellaneous
exposures; of the 3 control cases of interest, 1 was
a welder, and 2 were miscellaneous metal workers.

DISCUSSION

The main objective of this second study was to
determine, if possible, whether the increased risk of
developing lung cancer in the irradiated survivors
was attributable to irradiation or might have arisen
from a confounding of dose with either smoking or
occupational exposure. There were no index cases
in the LSS autopsy series with both high-dose
ionizing radiation and suspicious occupational
exposure. This combination could therefore be
disregarded.

Routine medical histories obtained in the ABCC
clinics include information on smoking, use of
alcohol, and the like. Although these data have not
suggested any correlation between smoking and
radiation da::b:in:,19 and Wanebo et al provided some
evidence of a radiation effect independent of
smoking in a much smaller series,'> the cardinal

Moo 5 REm0FEe, 2@ 7EFL A AEER
TAEEL 33— A2 ERTIFE,OFAL
BMxhar258BH BROSHEzoMOMRICEBEEzN 1
LOTh-7. ML, 2 A 3 Fd, 1HEEEL
2R EMMERERETH - 7=,

£ B

ZoW2MEDFEEL AN, TRTH AL S ITHE
FAT B 0 B M 56 A o 0 i S 10 0 A% B S A R 1 2 R
HL0TH Dy, HUHIRE E BT E /- (3N RO W
ThrtORFEIZLA2bDTHINEI P HRT L
ik o, BHNKEMPoBRABEE L, S
) EE M M S e O 1) R & o0 ) R IR o0 TR L 2 SRR
BEhok LEN-T, CO2HE0O#HAEHEIER
T35,

ABCC o EMME OO HMEMMN T, 28, 7ra—
MEMLZ YWt 2RBFRBShTVS. Zhs0R
BArsir, v idRit:oEMEzRETs40
LAY Wanebo 53/ HEBOERII>LWTOEE
TRE: TEMECHGEORECERBEREEF S5
THAIZLEEFETORHBELLELRLA.? BEFE



role of smoking in the etiology of lung cancer
generally has continued to inspire doubts about the
validity of the evidence of radiation-induced lung
cancer in A-bomb survivors. The present series, too,
is small, with 204 cases of cancer in all, of which
only 61 low-dose, and 13 high-dose, cases are
analysed here. However, it is quite clear that the
association between radiation dose and lung cancer
does not rest upon a confounding of smoking and
radiation dose: the low-dose and high-dose cancer
cases are very comparable in their smoking histories.
And when the radiation eftect is tested on fre-
quencies adjusted for differences in smoking it
remains undiminished, with a relative risk of about
two for those exposed to 200 rad or more. The
series is much too small to support firm conclusions
as to the additivity of the two effects. It can be
said only that it provides no suggestion of
nonadditivity.

It was unfortunate that the matched-pair sample
fell below critical size, so that a second source of
smoking information had to be used, and it became
necessary to estimate the distribution of smokers,
especially in the larger cells of noncancer cases.
However, the evidence is that the two sources of
smoking information differ too little to affect the
analysis. Similarly, it seems clear that if the
apparent radiation effect had been substantially due
to differences in smoking histories, use of the
estimated frequencies should have produced a much
larger drop in the value of the test statistic than
those shown in Table 5.

Many studies have demonstrated that the risk of
lung cancer increases with the number of cigarettes
smoked daily.?® In this autopsy material the
relative risk of lung cancer among the heavy
(20+ cigarettes/day) smokers is at least (depending
on the method of calculation) seven times that of
nonsmokers. However, studies relating smoking and
histologic type of lung cancer have been less
numerous, especially in Japan. Kreyberg?' and Doll
et al?* reported that only epidermoid carcinomas
and small cell anaplastic carcinomas were significant-
ly associated with smoking. Other studies have
indicated that adenocarcinomas may also be as-
sociated with smoking.”>'** In this study smokers
have more lung cancer of every type, including the
small cell anaplastic, and quite significantly more of
the epidermoid and the bronchogenic adeno-
carcinoma types.

Therapeutic radiation has been reported to be
associated with the risk of lung cancer,’ as has
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occupational exposure to radon daughters on the
part of uranium miners.® In the study of US
uranium miners, the increase in lung cancer was
attributed to the small cell anaplastic type. Al-
though a high proportion of miners with lung
cancer were heavy smokers, the apparent radiation
effect cannot be explained by differences in
smoking. In our initial study of 204 LSS
autopsies,'® only the small cell anaplastic type
showed a statistically significant increase (approxi-
mately fourfold) in the high-dose group. This is in
good agreement with the findings in uranium
miners.’

6

Increased mortality due to lung cancer has been
reported for gas workers in coal carbonizing plants,
smelter workers exposed to arsenic trioxide, and
for persons employed in the manufacture of
mustard gas.*%25727 The present case-control study
has suggested that the risk of lung cancer may be
increased for welders and metal processing workers,
possibly because of their exposure to acetylene
gas, coal carbon monoxide, and miscellaneous dust.
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