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LUNG CANCER AND ATOMIC BOMB EXPOSURE, HIROSHIMA - NAGASAKI, 1950-66
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INTRODUCTION

In many studies exposure to ionizing radiation has been
found to increase the incidence of lung cancer in man.
In a necropsy study of the miners of Schneeberg, Saxony,
Hirting and Hesse in 1879 attributed 75% of all deaths
to lung cancer, thus confirming the early 16th century
suspicion that the Schneeberg miners suffered from a
particular form of lung disease.’ The Schneeberg mine,
like other mines in Saxony and Bohemia, was subsequently
found to contain high concentrations of airborne radon
and its disintegration products. In 1964, de Villiers and
Windish reported an excess of lung cancer in men working
in Newfoundland fluorspar mines where high concen-
trations of ionizing radiation have been found in the air.”
A study of mortality among uranium miners of the Colorado
Plateau by Wagoner et al demonstrated a relationship
between the duration of mining experience and the
occurrence of lung cancer.” Court Brown and Doll have
recently reported on mortality from cancer and other
causes in 14,554 patients who received radiotherapy for
ankvlosing spond_\‘litisfl Over a period ranging from 5
to 25 vears they found cancer of the lung to be 1.8 times
expectation.

More than 20 vears have passed since the atomic bombs
of Hiroshima and Nagasaki, and evidence has recently
begun to appear that an excess of lung cancer has occurred
in survivors. In their 1959 analysis of the Hiroshima
City Tumor Registry, Harada and Ishida suggested that
the incidence of lung cancer for 1957-58 was significantly
higher among the proximally exposed.5 In 1965 Ciocco
observed that mortality during 1950-64 from lung cancer
among male survivors exposed within 1400 m from the
hypocenters at the time of the bombs (ATBE), and over 50
vears of age in 1950, was two to three times exp(-:ctaltion.6
Beebe et al, in a recent review of autopsies on subjects
in the ABCC-JNIH Life Span Study sample, noted that
pulmonary cancer was ahout twice expectation in subjects
exposed to 90+ rad in 1945 who died between 1961-65.

This report describes the occurrence of lung cancer
among survivors of the atomic bombs of Hiroshima and
Nagasaki. Its uniqueness lies in its utilization of all
possible methods of ascertainment available at ABCC, its
currency, and its use of new individual radiation-dose
estimates.
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MATERIALS AND METHODS

The Samples The Life Span Study® utilizes a sample of
approximately 100,000 men and women, survivors of the
atomic bombs and others for comparison, and is a study
of mortality, by cause, from 1950 onward. All of the
survivors were resident in the cities of Hiroshima and
Nagasaki on 1 October 1950. Most of the comparison
group, who were not in the cities ATB, were also residents
of Hiroshima and Nagasaki on 1 Octoher 1950, but about
40% (10,600) were selected from the 1953 Hiroshima
Daytime Census. The sample is stratified by proximity to
the hypocenters ATB, and both distally exposed (beyond
2500 m ATB) and those not in the city ATB are age-sex-
matched to those under 2000 m ATB. For over 90% of
the sample, new individual radiation dose estimates (T65D),
based on the recent air-dose curves of Auxier et al’ are
now available. These curves have led to a radical reduction
in previous dose estimates for survivors of the Hiroshima

bomb.

A portion of the Life Span Study sample serves as the
basis for the ABCC-JNTH Adult Health Study," a program
of clinical surveillance through biennial medical exami-
nations. The clinical sample consists of 19,962 survivors
and others matched by age and sex. Examinations begun
in Hiroshima in July 1958 and in Nagasaki in November
1958 are now in their 5th cycle.

Methods of Ascertainment Detection of lung cancer in
the Life Span Study and Adult Health Study samples rest
on the following five methods:

Death Certificate Ascertainment of mortality and of the
certified cause of death in the Life Span Study and
Adult Health Study samples is complete by virtue of
certain unusual features of the Japanese system of vital
statistics and special arrangements with Japanese
authorities.''

Autopsy An active autopsy program was begun at ABCC
in 1948. During the 1950-60 period, the autopsy rate
in the Life Span Study sample was 6.0%. The rate
rose to a peak of 43.0% in 1963 and has been falling
off slowly to the 1966 level of 37.0%. In the 1950-60
period, the autopsy series was biased in favor of those
exposed closer to the hypocenter; by 1961 the autopsy
rate varied much less sharply by distance from the
hypocenter, and by 1963-65 such hias had all but
disappeared.7

Tumor Registries City-wide tumor registries were
established in Hiroshima in 1957 and in Nagasaki in
1958."* In an effort to make cancer detection as com-
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plete as is possible, all deaths attributed to cancer have
been regularly added to the registry in each city. Itis
estimated that about 15% of the current registration
in Nagasaki, and 50% in Hiroshima, is based on death
certificates.

Surgical Pathology A surgical pathology consultation
service is provided by the ABCC Department of Pathology
to the medical practitioners in each city. Currently,
approximately 5000 specimens are examined vyearly,
20 % of which pertain to the Life Span Study sample.

Clinical Examination (Adult Health Study only.) During
the first cycle of examinations 15,006 subjects were
examined, 89% of those alive and resident in either
city, and 81% of all those alive, regardless of place of
residence. 13 Migration was then, and has continued to
be, much heavier from Nagasaki than from Hiroshima,
especially among those under 40 years of age ATB, but
in both cities, by 1 March 1966, it remained under 10 %
for those aged 40 or more ATB. 1+ In subsequent exami-
nation cycles, participation has remained well over 80 %
for those alive and resident in city. Examination rates
vary little by age, but are low at ages under 30 and
especially so for males 20-29; at the ages of greatest
interest from the standpoint of pulmonary carcinoma,
examination rates are above average. The examination
rate is only slightly higher for those who were closest
to the hypocenter ATB, and lowest for those not in the
city ATB; for example, inthe first cycle of the Hiroshima
examinations, when 82% of all living members of the
sample were examined, the figure was 84% for those
exposed within 2000m ATB, and 79% for those not in
the city ATB. The examination, described in detail
elsewhere, 15 includes a standard chest film, and abnor-
malities noted in the chest film are investigated further
as a matter of policy.

Information concerning factors of epidemiological impor-
tance other than radiation, such as occupation and use

of cigarettes, is also available for the examined portion
of the Adult Health Study sample.

From the description of the samples and sources of
information, it is apparent that the relationship between
lung cancer and radiation dose can be studied at ABCC
on a number of different levels. We have chosen to
examine the relationship in three different ways, each
which has its particular strengths and weaknesses. While
these three substudies are not entirely independent they
have the virtue of being reinforcing.
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RESULTS

Relationship between Rad Dose and Death Certificate
Diagnosis of Lung Cancer in the Life Span Study
Sample There is now fairly good evidence that the
practitioners in the communities of Hiroshima and Nagasaki
do not allow knowledge of the exposure status of decedents
to influence their judgment as to cause of death for purposes
of certification. For the interval 1961-65, and for all
forms of cancer considered together as a single diagnosis,
cancer certified as the cause of death by the attending
physician was confirmed at autopsy in 93.6 % of the deaths
in persons exposed within 1400m ATB, 91.9% between
1400-1999m, 93.3% at or bevond 2000m, and 90.5%
for subjects not in the city ATB.)  The autopsy confir-
mation rate for cancer of the bronchus, trachea, and lung
(ICD 162-163) in the two cities is 76 %, and the detection
rate 45%. Plainly, ascertainment at the level of the
death certificate is unbiased with respect to the exposure
to the atomic bomb, and the level of false positives (24 %)
for death certificate diagnosis is tolerable. Thus it was
feasible to conduct a study at the death certificate level.
The main strength of such a study derives from the
completeness of mortality information on the entire Life
Span Study sample. Tts main weakness is that it can be
relied upon to provide only about 45% of the cases of

cancer of the lung.

It was possible to increase the size of the sample and still
maintain uniform surveillance at the death certificate level.
The Life Span Study sample of 99,393 subjects was
augmented to 108,919 by adding, from the reserve part
of the master sample,IE all exposed within 2500 m and
resident in either city on 1 October 1950.

Between 1 October 1950 - 30 September 1966, of the
augmented sample 16,406 members died, and 188 deaths
were attributed by the certifving physicians to lung cancer
(ICD 162-163). In Table 1 the 188 cases are distributed
by total dose (gamma plus neutron combined 1:1) in rad,
city, time-period, and sex. The expected number of deaths
(on the assumption that the rates were the same in all
radiation classes) was calculated within age-sex-city-time
interval groups using five age classes (under 30, 30-39,
40-49, 50-59, and over 60)and then summed to the various
age-adjusted subtotals shown in Table 1. The relative
contributions’ of the two cities correlate well with their
respective sample sizes and age distributions for males,
but there appears to be a deficiency in the number of
female cases in the Nagasaki sample. The particular
divisions by rad dose were chosen only in relation to the
total number of deaths from pulmonary cancer and to the
dose distribution of the augmented mortality sample. Our
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TABLE 1 OBSERVED AND EXPECTED DEATHS FROM LUNG CANCER, 1950-66, AMONG LIFE SPAN STUDY SUBJECTS,
BY SEX, CITY, TIME-PERIOD*, AND ESTIMATED RADIATION DOSE (T65D)

#1 RBaWAENREICH DML SREECH D L UMFFRCH, 1950 - 664,
T - ER - Y B & OHEE BOATARER BEA) ( T 6545 4it)

City Sex Total dose &# it rad Notin-  Total
#h 1 200+ 90-199 4089 2039 1019 09 Unknown O it
T B AT
195058
Hiroshima  Male 0 1 2 0 0 0 6 3 4 16
15 8 % E 23 44 55 .60 .85  8.69 1.06 3.57
Female O 0 0 1 0 1 6 1 1 10
% E 13 .20 41 44 .62 5.36 A4 2.40
Nagasaki Male 0 0 0 0 0 1 2 0 2 5
o b % E .24 .23 .24 21 .20 2.00 .62 1.26
Female O 0 0 4] 0 il 1 0 1 3
g E .08 12 17 11 .24 1.32 30 66
Total O 1 2 1 0 3 15 4 8 34
# E 68 .98  1.36 1.38  1.92  17.37 2.42 7.89
1958-66 fF
Hiroshima  Male 0 2 5 4 3 5 41 1 18 79
I K % E 113 2.04 267 290 4.18 4117 535  19.55
Female O 1 2 3 1 6 20 5 6 44
& E 56 .88 1.85 1.98 2,81  23.42 1.94  10.56
Nagasaki Male 8] 2 2 1 1 0 6 4 10 26
ek % E 1.16  1.18 1.27  1.20  1.04  10.50 3.17 6.49
Female O 0 0 0 0 0 3 0 2 5
£ E 15 .19 28 20 41 216 49 1.13
Total O 5 9 8 5 11 70 10 36 154
it E 3.00  4.29 6.07 6.28 8.43  77.26 10.95  37.73
1950-66 iF
Male O 5 9 5 4 6 55 8 34 126
A E 2.76  3.88 473 492 623  62.36 10.20  30.87
Female O 1 2 4 1 8 30 6 10 62
ES E 92 139 270 274 411 32.27 3.17 14.74
Hiroshima 0 4 9 8 4 12 73 10 29 149
5 B E 2.05 3.56  5.45 5.93 846  78.65 8.79  36.08
Nagasaki 0 2 2 1 1 2 12 4 15 39
15 b E 1.63 171 1.98 1.73  1.89  15.98 4.57 9.53
Total O 8 11 9 5 14 85 14 44 188
Bt E 3.68  5.27 7.43  7.66 1035  94.63 13.37  45.62

*1 October 1950 to 30 September 1958, 1 October 1958 to 30 September 1966,
19504100 1 B £ 019584 9 A30H 7, & & UFI19584E10A 1 B £ 019664 9 H30A % ©.

0—Observed #R%EHL E—Expected JAFR¥



objectives were: that the range of dose should be as
finely divided as possible, especially at the upper end of
the scale; and that the expected number of deaths in the
most heavily exposed groups should be about five when
hoth sexes, both cities, and both time-periods, were
combined. Only 34 deaths were attributed to lung cancer
during the period 1950-58. Gross inspection of the
observed/expected mortality ratios suggests an increase
with dose, especially above 90rad, in the 1958-66 period,
when there were 154 deaths.

In the absence of a prior hypothesis as to the nature of
any dose-response relationship for lung cancer, two tests
of significance were performed, one on the homogeneity
of the various radiation-dose classes (i.e., that the dose
classes do not differ as to mortality from lung cancer),
and a second on the most heavily exposed group against
the rest of the sample. The latter test would be especially
helpful in detecting a nonlinear relationship between dose
and pulmonary cancer. The first test was done on the
total experience for both cities, both sexes, and for the
entire period 1950-66 (bottom line of Table 1); the six
radiation-dose groups were reduced to five by redefining
the most heavily exposed as those who received 90+ rad,
and the not-in-city group was taken as a sixth group, to
produce a 2 X6 contingency table with 5 degrees of freedom
(df), for which X2 is 10.8 and P about .06.* Tf the not-in-
city group is combined with those exposed to less than
10rad, a X? with 4 df equal to 10.5 is obtained (P value
about .03). The second test, comparing those with 90+ rad
to subjects exposed to less than 90rad, produced a X2
with 1 df equal to 10.7 (P about .001) The age standard -
ized mortality ratios are about 2 at the high end of the
dose scale and approximately 1 for those not in the city
ATB. Although the evidence is not overwhelming, and
the mortality ratios contrast markedly with those repre-
senting the leukemogenic effect of atomic radiation, it
appears that the risk of lung cancer is about twice
expectation for survivors in the upper region of dose,
beyond perhaps 75 or 100 rad. Examination of the separate
city-sex components reveals a generally consistent picture
(Table 2), but the Nagasaki series is so much smaller than
the,Hiroshima series that the ahsence of disagreement
cannot be considered strongly evidential. Any effect
attributable to radiation is more marked in the period after
1958 than before. There is little evidence of an effect
for females. The males in Hiroshima dominate the experi-
ence by the weight of their contribution of cases.

CH#es L UHATECREY » 7V 0BRSS HBIIELT
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LABEBEOWLLA. ZhickoT, HESE2EFT 3
X660 EIF#AER SR, X2 1210.8, Pidi.06* 1z
Bolee LRIV oL 10rad I TE221H 7~
WEAEHLLBS, AHE42L-oX2 1310.512% 5
(PIx#.03), 0rad Ll %213/ L 90 rad kil & F
HABLE BT 2B 20mETE BHELE2L0?
210,712 % - 2 (P 13#9.001) . FMETEFEC T, &
BFTH2THY, EEREFENIZVE» > AHTIEH 1
Tho, ZOMBIFETII L, F-CHE, K
BRSO BMEEREDRERZL TR EH L (R
AHSAH, 75— 100 rad LI EOEGERICH T3 HEO
fafE R LI 2fETH A 5. & - K 5O
METIE, —RII—-HLAEm(&2)F25h 5. Eif
DL, EBEY IR wOT, —HENS
LwZdid, Lol RALZBRESZLOTIREVEE R
SN 5. HEHOMBEIZI8ELIATE D & 7 LIl
EBETHD., EICTELAYEELED L. RFAEC
BOWTH, BB TEREFMEAOR LS EH TV 5.

*The X% test in this form which is used throughout the entire paper, is a conservative test:!7 in reality the true P values are probably even

smaller.
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In summary, the experience of the mortality sample pro-
vides a strong suggestion, by no means incontrovertible,
that the risk of lung cancer is an increasing function of

Pk %+ 5 &, SECHEESRE 251 5 860 M
DREMBFGROMMBE L THMT 52 & 2 RET

Y A, RLTZIhEEETILOTUL L,
TABLE 2 RESULTS OF SIGNIFICANCE TESTS ON SUBGROUPS DEFINED AS TO SEX, CITY,
CALENDAR PERIOD, AND EXPOSURE IN LIFE SPAN STUDY MEMBERS
#F2 HaWEMREZE e LUBREEMICES LABIZODLT
Th- - AREEREDCREE
Test of general Test of high dose*
Subgroups Dose classes homogeneity vs remainder
— iy g — wEo
X 5 B R 5 ey —tERE AR Ti i
DO HE
rad
Xt P X2 P
- Hiroshima Male 5o % 40+, 10-39, 0.9, NICt 7.15 <.07 7.19 <.01
Hiroshima Total RS 90+, 40-89, 2039, 10-19, 09, NIC 14.85 <.01 10.29 <.01
Nagasaki Total M OF 40+, 0-39, NIC 4.23 NS .05 NS
Taotal Male Bt 90+, 20-89, 10-19, 0-9, NIC 9.37 <.06 8.38 <.01
Total Female &k it 40+, 10-39, 0-9, NIC 3.15 NS 1.23 NS
1950-58 20+, 0-19, NIC .13 NS .09 NS
1958-66 iF 90+, 40-89, 20-39, 10-19, 0-9, NIC 8.60 NS 6.42 <.01
1950-66 90+, 40-89, 20-39, 10-19, 0-9, NIC 10.81 <.06 10.67 <.01

*The high-dose group is in each case the first listed under the dose classes specified for the particular subgroup.

AR L EEBBRE SO ) SRMIZEM L2 L 0.
NS-nonsignificant (p>.10) NS & ($ H8 ¢4 VE5%,
tNot-in-City HiP Iz o 22 4 0.

Relationship between rad Dose and Autopsy Diagnosis
of Lung Cancer in the Life Span Study Sample The
autopsy diagnosis is entirely accurate and, in the 1961-65
period, unbiased. A principal diagnosis of pulmonary
cancer was made at autopsy in 76 subjects of the sample
who died between 1961-65. The observed number of
cases of lung cancer in each of the several radiation dose
classes (Table 3) was compared to the expected number
obtained from all autopsies performed on this sample; the
latter is adjusted for age, sex, and city. The tests were
the standard 2 xn X 2tests but the observed and expected
values for those without lung cancer are not shown in
Table 3. In the general test of homogeneity, four radiation
dose groups (not-in-city plus <10 rad, 10-39 rad, 40-89 rad,
and 90+ rad) were used; a X * with 3 df was found to be
7.8 (P equals .06). The smaller series of 76 autopsy cases
fails to show a statistically significant relationship, but its
distribution is consistent with that of the larger series of
188 death certificate cases. When the group exposed to
90+ rad is compared with all other groups combined, a X 2
with 1 df equals 7.5, and P is less than .01,

ZITRP> W0ERT.

HABENRECSIT SRR (rad ) EMBORIREBHE &
OREFE HHEPBRIEEMRTH - T, 1961—65EDEOD b
DITIFP7 LD IR 2w, 1961 —65F D MIC & 1T 2 WFEH
ROECEOEHMTIE, 766125 T, EBBHT
Hodo. BMARZHRHEBRBRAX ST 28O
HEMEERCET AN FERE LB L - (£3).
BEIES, B LUBHMNCTELAZLOTH S, B
L2 XX P MERTE o4, TR 0nbo0MEE
EMFEEEIICETRL TR, B0 —REIR
AONBER(T4hb, AW E2-7%, <10rad,
10—39rad, 40—89rad & £ V90 rad ) & & F 1247
ERE3IZL2X2 13 7.8124-7:(P=.06).
TOEN LG5 VPHOHNMBTIE, HHENIIEEOME
ERTCLETERVY, HBEAOSTHIL1I88 L6 4
AAREAZCZTEHOSHE—K LTS, 0rad k)
roER#EszOMOBEEHL AL LELL. B
MAEE1#42X2 OfIZ7.51240, PIz.01LITFTHAE.

Rz,



TABLE 3 OBSERVED AND EXPECTED DEATHS ATTRIBUTED TO LUNG CANCER* AT AUTOPSY,
LIFE SPAN STUDY SAMPLE, BY ESTIMATED RADIATION DOSE 1961-65

£3 ROWENSRE DU BERTITE® & BW S h - WEECH S L CEEC K,
At gRER LR, 1961 — 654

Total Dose Observed Expected

it W 0 7 #
rad

Not-in-city i P41 16 1:7.22
0-9 36 37.03
. 10-39 9 9.60
40-89 2 4.15
90+ 11 5.10
Unknown 4 2 2.89
Total #t 76 75.99

*Principal diagnosis only

FEEHO L

Relationship between rad Dose and Lung Cancer in
the Adult Health Study Sample The most extensive
effort in establishing the rad dose-lung cancer relationship
was made on the Adult Health Study sample. It is but
one-fifth of the Life Span Study sample, however, it is
only for the Adult Health Study sample that ascertainment
can be called essentially complete. Not only were other-
wise unrecognized cases found by means of medical
examinations, tumor registration, and surgical biopsy, but
auxilliary information of an epidemiologic nature could he
employed to check whether the apparent radiation effects
were really due to radiation being confounded with another
variable.

For the Adult Health Study during the 1950-66 period,
the major diagnostic indices vielded 82 possible cases [or
review., When a suspicious case in the sample was
identified, all pertinent data available in hospital records,
previous chest films, and histologic preparations were
collected and reviewed by the authors. Individual phy-
sicians, clinics, and hospitals in the community cooperated
in lending material for review. At review each case was
classified as definite, probable, or possible. A definite
case is one in which primary pulmonary carcinoma was
established by both radiologic and histologic examination or
by autopsy. In the absence of histologic material for
review, a case with substantial clinical and radiologic
evidence was classified as probable. A case was considered
possible if there existed radiologic evidence without
supporting clinical information, clinical information without
radiologic evidence, or the information was a death
certificate attributing death to pulmonary cancer. On
review 66 cases were accepted from the various overlapping

individual sources, as follows:

01777 Table A2

BMARERELREICH G 3 MOHGR &M & ORE
AR &N & ORISR & R 5 20 O f & R 2B A
IERARERENRE I 2O TIT A 4. ZOBORB
FHGRHRENREOS FO L IZTEL VY, ZoBCE
HoMRIERMNIIELTHELVEE. OB
BPOTE, MRS OGh o RE SRR, WEEEs LU
WEHRHRE I L - THRE s A E» N TR <, Tk
oL TIHERE LR 2 BV TR & h A Mg
DREA TR E S 40 2B ORTFAER LT
AHEILERNEZILTTE L.

1950 — 66 1% ¢ [l 12 32 B2 38 Wi B & H v ¢ RN folt e ) s
BN EZA, WRERLNS L0 H82H & - 7. %t
BEIM#BMOECFHE L0 REaha L, FEi(1L
WO LEP AR LS 5 W3 %, BEOMTXET
Vbt EUHBEALZNE LT IR &M LA, i
OB, ERsLUHRRE»SEHBORE LT
DRE W 2 72220 BIEG] & BT L T bmEE,
B EHEEE IR THELES L. BHRES

MR &g, XMy & oHsEmREC L - T, 1
HEIE I & o THBEMB L2 W2 0d v, B

PRI 7% 6 UFI2 XERAY T (il & 32T & L 5 ATRHEESE a4
Bt 2w 03 RmEERELRES L. BERE I
i TH 2 FXMERF L VLD, XETECEIEET
H3AEEEAR AL VL O, F BB O
EFEEE LS ORI ORMARERE LTl k-
oo ZOEIIZEBEFSERE IS THE LAKE
KO iR 6617 A i 5 AL /s



Diagnostic Index Listed Accepted

W e Rifi i & 3C#8 Bt & 3R4R
Autopsy 1950-66  BlfE, 1950 — 664 42 42
Clinical diagnosis  ESFR 2 iF 24 18
Surgical pathology M B 7 11 9
Death certificate 1950-66 7€ I #F, 1950 — 664 45 36
Tumor registry /%% & 47 36
Total (exeluding duplicates) & (TE# L 7= & o 12z <) 82 66

Consideration was given to the possibility that the diag-
nostic review might, in some unknown manner have
favored a heavily exposed case over a lightly or nonexposed
case. Itis known that death certificate cases are unbiased
in regards to radiation exposure. Thus, if bias was not
introduced in the case review, the ratio of the total number
of cases to the death certificate cases would be about the
same for all exposure groups. Actually, by examining
these ratios it was found that the net effect of the total
ascertainment, including the rejection of some of the death
certificate diagnoses, was small, and so distributed as to
diminish any apparent effect of radiation on the incidence
of pulmonary cancer. The total ascertainment provides,
therefore, a conservative basis for assessing the effect of
radiation on the incidence of lung cancer in the intensively
studied Adult Health Study sample.

The distribution of the 66 cases of lung cancer in this
sample is presented in Table 4 in the form of observed
and expected cases at each dose level, the expected
values being age-sex-time-adjusted as in Table 1. For the
total series of 66 cases the dose scale was divided at 200,
90, 40, and 10 rad with those notin the city considered as
a separate group. The corresponding mortality ratios are
1.6, 1.6, 1.4, 1.5, .5, and .8. The low ratio of .5 for
persons with 0-9 rad is puzzling since the group is a large
one, and contributes heavily to the value of X%, 12.3 with
5 df for which P equals .03. When the group with more
than 90 rad is compared with all others x 2 equals 4.5 and
P equals .05, the mortality ratios being 1.6 and .9. The
same testing procedures were applied to the subtotals of
Table 4 and the results are shown in Table 5.

It would strengthen the suspected association hetween
radiation and lung cancer if differences in histologic type
or clinical behavior were also found between high dose
and low dose cases. Since age at exposure to radiation
has been found to be related to the risk of both leukemia'®
and breast cancer,' the age at onset and presumptive
latent period was examined in relation to radiation dose,

QIR EERCBEICHEBRL-ZL 0P, EHEE &
DRTREHME RS R LT vtz vh L
JHHEMEA EE LA RO L B RIHE R L S
THRCBHGORR I r2LoTnaw. Lid, T,
L, L0 MEROBRFOBRBIZEASA LY, 5 A
Zh, FECBEEN N T 2 EASROH &1, L8
HCEOTEEZELVETTHAE. BE, Chondd
ERE L ARMAEKORORE D, HEBR
FEREZEFRM LB 4L, HRORER IS
SHAEORE AR T 209 LTV Z Ay
iU, Lad-T, SHEREEHEANIHEL TV EK
MNEFERE O RE 2B 5 M54 R o0+ 2 it
DR RN T 582 B 20 5 5t 5.

FAIZZOMBBIZH T 2 IHMe6M o 544, #iRE 5
BLCEIE M S & UM E O ICR LA MiFHEEEL
A&, - - MMBLCITIE S hTwa. 66/
%, 200, 90, 40F L U'10 rad OFEBEAMICE 5 L, A
IZWhdho AERRNEE L. BYUFECHI21.6, 1.6 ,
1.4, 1.5, .55X0.8TH5. 0-9 rad dBIEkE
DT, TOFRCHIPIEL, S5THEZLRARBTH
5. ZOHAEHES % L Xl A12.3CTP=.03Th
B5ZEIBMCFEESTEILO0THSE. Wrad bl Lo it s
Efh T ST O LB L 2HE, X2 i24.5TP .05
it o/ FECHEZFAFhI.63LU.9T4H 5. B
THMERERAODNGFICHVAE., FOBEIXEES IR
5.

& Ui o0 fELRR S 1 57 B & 4 I BERR MR o0 2 B AT
BRI & OMICRRE T 2 h0E, B s i s
OPBFEAHEIZZ 5 Th A5, HATBEBEOERI A
mw*e LHEY ofBEICHEEFELTV30 T, Wradll k
OFFEREE B £ 0790 rad Hil OFREEF & B T I SR



TABLE 4 OBSERVED AND EXPECTED CASES OF LUNG CANCER AMONG SUBJECTS OF ADULT HEALTH STUDY,
BY ESTIMATED RADIATION DOSE, 1950-66

4 NARMEETESRE 1250 2RO REN S £ O, H#E SOHSE T, 1950 - 664

- Total radiation dose # i 4T#2#% it rad (T 65D)

[nterval City Sex Unknown Not-in- Total

4 11 puited p 200+  90-199 4088 2039 1019 09 T City it

P A TE

195066  Hiroshima  Male O 6 6 3 4 5 2 7 37
U % E 242 319 314 243 239 11.87  2.12 943  37.00

195066  Total Male O 7 8 3 4 7 5 10 48
it % E 3.92 438 372 281 252 1466  3.84 1215  48.00

1950-66  Total Female O 1 1 2 3 4 0 3 18
it ES E 1.13 121 1.8 1.41 150 5.83 49 4.57  18.00

1958-66  Total Total O 7 7 5 7 8 4 10 53
it it E 4.08 445 449 340 3.26 1634 346 1358  53.00

1950-66 Total Total O 8 9 5 7 11 5 13 66
it it E 505 559 550 421 402 2049 432 1673 66.00

O—Observed HR%EEL E—Expected JHfF#

TABLE 5 RESULTS OF SIGNIFICANCE TESTS ON RELATION BETWEEN RADIATION DOSE AND LUNG CANCER,
ADULT HEALTH STUDY SAMPLE, 1950-66

#5 AR SBE O AR L S ORIV T OEBIEREOHR, 1950— 664
Time Test of general Test of high dose*
Interval City Sex Dose classes compared Homugenent_v_ s ren*!amder
T it i i U s SRR 4 —faa—tEEE WARERTH oM
DB O HEE
x2 P xz P
1950-66 Hiroshima i &b Male % 90+, 20-89, 0-19, NIC 10.27 <.02 8.58 <.01
1950-66 Total #F Male 5B 90+, 20-89, 0-19, NIC 8.28 <.05 6.80 <.01
1950-66 Total & Female % 40+, 0-39, NIC 1:32 NS .90 NS
1958.66 Total ¥t Total #t 90+, 20-89, 0-19, NIC 6.07 <.10 4.28 <.05
1950-66 Total f Total #t 200+, 90-199, 40-89, 10-39, 0-9, NIC 12.30 <.05 4.53 <.05

*The high-dose group is in cach case the first listed under the dose classes specified for the particular subgroup.

AR R FRRE SO ) bR EBL 2L 0.
NS-nonsignificant (P>.10) NS [$ i & C % VSR,

using two dose classes, 90 or more rad, and under 90 rad.
No important differences were noted in age ATB, age at
Onset
was estimated from the best information available in each

onset, or in the interval between 1945 and onset.

case, the order of reliability being established as roentgen-
ographic change from one film to another in the asvmp-
tomatic state, the date of the first symptom related to the
ultimate recognition of lung cancer, the date of diagnosis.
and, for a few cases only, the time of death.

Microscopic sections of the lung were available for review
in 51 of the 66 cases in the Adult Health Study sample.
The classification by histologic type is shown in Table 6.

ZSTRP> 108 R
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TABLE 6 HISTOLOGIC CLASSIFICATION OF 52 LUNG CANCERS, ADULT HEALTH STUDY

# 6 BHES2M AR A9 HE, M A BEREREE
Carcinoma Total* Male Female
HEn s Bt ]
Squamous W FHIASME ... 19 15 4
Adenocarcinoma W ... 21 13 8
Undifferentiated 57 (L8, ... 10 8 2
Bronchiolar #I%UE &% ... 1 1
Total HF oo 51 36 15

*Primary cancer tissue unavailable for review in 15 patients.

BHREDVTHRESBOMEEANAFTEY, R L &5 2.

The well-known high ratio of adenocarcinoma to squamous
cell type in women was noted in our small series. All six
women who developed squamous cell and undifferentiated
carcinoma smoked cigarettes: information available for
six women with adenocarcinoma indicated that two were
smokers. There is no evidence of an association between
histologic tvpe and radiation exposure.

Six of the Adult Health Study sample with lung cancer
had other primary neoplasms, five malignant and one
benign. There is a wide range in individual dose estimates
(31-362 rad) and while the median rad dose is higher in
this small group of six cases than in the rest of the lung

cancer cases it is not significantly so.

Occupational hazards, the use of cigarettes, and the
presence of pulmonary tuberculosis, as well as exposure to
radiation, are all known to be related to the risk of lung
cancer. It was therefore, particularly important that these
factors also be examined for any confounding with

radiation.

Accurate information on occupation was available for 45
of the 66 patients with lung cancer. Three men, a needle
maker, a lumber mill worker, and a plasterer, were found
to have occupations in which workers may possibly incur a
high risk of pulmonary disease. The needle maker was
not in the city ATB, the lumber mill worker received an
estimated 20 rad, and no radiation estimate was available

for the plasterer.

For 53 of the 66 subjects information on smoking was
available. For comparison these 53 subjects were randomly
matched (approximately 3:1) with 152 other Adult Health
Study subjects of the same sex and vear of birth. The
ratio of lung cancer cases to lung cancer cases plus

controls is shown in Table 7 by sex, dose, and smoking
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TABLE 7 INTERRELATIONS AMONG SMOKING, LUNG CANCER AND RADIATION DOSE
RATIO OF LUNG CANCER CASES (53) TO LUNG CANCER CASES PLUS CONTROLS (152)

#TOGE, N & USRI & O EBE, B (53) K B EXEAlO&EF (152 ) ol

e Male % Female #¢
Radiation dose
bt S it Smokers Nonsmokers Total Smokers Nonsmokers Total
rad L-3uE S R H Bt B2 1% I ma ke it
40+ 400 12/30 182 2/11 317 13/14 500 2/4 .308 4/13 353 6/17
0-39 260 19/73 .050  1/20 215 20/93 7000 7/10 097 3/31 244 10/41
Unknown 4B .200 2/10 500 1/2 250 3/12 - - 0/1 - 0/1
Total it 202 33/133 121 4/33 223 37/166  .643 9/14 156 7/45 271 16/59

classification. A division of the rad scale at 40 was used
The
proportion of smokers was .73 for males with 40 or more
rad, and .24 for females with 40 or more rad. The
corresponding proportions for those in the 0-39 rad group

to insure that each subgroup contained members.

are .78 and .24 respectively, The numbers are small but
clearly the difference between radiation-exposure groups
does not rest on a confounding of radiation and smoking.
Among the males the proportion with cancer is not signifi-
cantly different between radiation dose groups within
smoking categories, but for both smokers and nonsmokers
the proportion is higher for those with 40 or more rad.
Although the numbers are very small it is interesting to
note that the two effects appear to be additive, the smoking
effect about .21 and the radiation effect about .14 on a
proportion scale. In the female population the difference
in rates between smokers and nonsmokers is highly signifi-
cant, but there is no evidence of a radiation effect after
smoking has been adjusted for. The numbers are too
small to define the role of each factor but provide no
reason to believe that smoking plays any role in the
differences observed between radiation-exposure groups.
Moreover, epidemiologic surveys on the Adult Health Study
examinees as a whole have disclosed no relation between
smoking and radiation dose.

Since an association hetween tuberculosis and the risk for
lung cancer has heen reported in two recent studies” "'
the possibility that radiation dose might be confounded
with tuberculosis was examined. Among the 66 lung
cancer patients 10(9 men and 1 woman)also had advanced
pulmonary tuberculosis. Radiation dose estimates were
available for 9 of the 10. The close agreement found
between expected and observed number of cases gives no
reason to believe that the difference between radiation-
exposure groups is due to a confounding of radiation and

tuberculosis.
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DISCUSSION

The accumulated information on lung cancer strongly
suggests that exposure to ionizing radiation has increased
the risk of lung cancer among A-bomb survivors. The
strength of this finding rests on relatively few cases at
the high end of the dose scale, but the findings are con-
sistent at the level of the death certificate, the autopsy,
and all sources of ascertainment comhined, although these
sources are quite interdependent.

The ratio of observed to expected cases of lung cancer in
persons who have received 90 or more rad is similar to
that reported by Court Brown and Doll' for cancer of the
bronchi in irradiated spondylitic patients. Their report,
however, contains no quantitative information as to radi-
ation dose. The designation “cancer of heavily irradiated
sites” in the Court Brown and Doll study includes all
types of cancer except leukemia (which was considered
separately] and cancer of the brain and central nervous
system, mouth, biliary system, rectum, breast, uterus,
prostate, testes, kindneys, and urinary bladder (which
were considered to be lightly irradiated). In addition to
being dependent on death certificates for ascertainment,
Court Brown and Doll were forced to calculate expected
values from national vital statistics.

Unlike the leukemogenic effect of radiation, the effect on
lung cancer seems to have begun only about 10 years
after the bomb, and to be continuing undiminished at the
present time. Further observation of the survivors in
future years will be required before the effect can be

described with precision.

The influence of smoking upon lung cancer is also brought
out by these data. For both sexes measures of relative
risk (Table 7) suggest that smokers have 2 to 3 times the
The smoking histories used here

were not obtained retrospectively, but at the first clinical

risk of nonsmokers.

examinations the subjects had at ABCC, almost always
before cancer was diagnosed.

SUMMARY

Cancer of the lung was increased above normal expectation
during the period 1950-66 in persons who received 90 or
more rad at the time of the Hiroshima and Nagasaki atomic
bombs. In the large JNIH-ABCC Life Span Study sample,
the ratio of observed to expected death certificate diag-
noses was 1.9, and the ratio of principal autopsy diagnoses,
2.15. In the clinical ABCC-JNIH Adult Health Study
sample, for which ascertainment must be nearly complete,
the ratio was 1.6. These findings suggest an increased
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risk of lung cancer following atomic irradiation similar to
that reported by Court Brown and Doll for patients given
radiotherapy for ankylosing spondylitis. Smoking histories
puint to an increased risk of lung cancer among smokers
of each sex.

No significant differences were noted between more heavi-
Iy exposed survivors with lung cancer and other subjects
with lung cancer when comparisons were made as to age
at onset of lung cancer, presence of other primary neo-
plasms, or histologic type, or as to other epidemiologic
factors (occupation, smoking, and tuberculosis) commonly

associated with increased risk of lung cancer.
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PULMONARY CARCINOMA CASES, ADULT HEALTH STUDY SAMFLE 1950-66 ACCORDING TO SEX, EXPOSURE STATUS
AGE ATB AND AGE AT ONSET OR DIAGNOSIS, DIAGNOSTIC CRITERIA, HISTOLOGIC TYPE,
AND PRESENCE OF CAVITARY

TUBERCULOSIS

AW LM, %

AR TENRE ST S )ﬂih.f‘ill » 1950 —664F, I, BHRRIE, FURRRIERS, FERIRE T 2 D IRE A S,
Az (B A HE, S AR S 09 3 FH B & N 2R R A B o0 o e
o Exposure A_g(-r W Presence of o
- -I\{FU{\;U.,. P?SP o di.Stﬂ"_Cf‘ - T?BD i%‘eﬁ [?;:lj::ui{s lug:;g:ﬁg;is diaglﬁlusltlil;'m;n;ierial : if:'(;xl:gic
BEAEEE ENES SAEE. TENE FEREERS gEning £ 20 ANLIRSRED 7 R O FEEHE LR A9 5 00
m rad % WERY OF
HIROSHIMA Male Definite Cases
LRBOBE, BHEESER
1 1159 128 60 79 = XR, Bronchoscopy, Cytology *
AT LA, MR M
2 1145 171 50 56 - PM Squamous W #Hl g 45
3 975 362 44 61 - PM Adeno B
4 1290 58 38 57 - XR, Thoracotomy, PM Undif # s7{Ld
B B #i
5 1173 117 55 64 - DC, PM Undif o 5 ft
i 1430 31 56 69 — XR, PM Undif 5 (b
¥ 1160 137 55 65 - DC, PM Adeno B
8 1528 17 62 81 + PM Squamous i T il i
9 1259 79 49 66 - XR, PM Adeno A
10 3300 0 62 82 + XR, PM Squamous BT # fa
11 1637 10 37 52 - XR, PM Undif #51tw
12 1022 242 47 68 - PM Squamous K # fo 4
13 1252 93 49 65 + PM Squamous F T #il i
14 NIC 0 51 71 - PM Squamous T #l fid £
15 3200 0 47 64 - PM Adeno B
16 1350 H:S 56 73 - PM Squamous K ¥ # i £
17 3490 0 52 71 = XR, Cytology #la% &9# # b
18 1628 15 45 59 = XR, PM Adeno B
19 1983 1 59 78 + XR, PM Undif s 5 b
20 1130 190 58 72 - XR, PM Squamous R 5 #i i 55
2] 1509 20 45 63 + XR, Bronchoscopy, PM Adeno TR
AR LM
22 894 787 49 64 — XR. Bronchoscopy, Biopsy Squamous i T #il i &

XR-X-ray, PM-Postmortem examination. nc Death Certificate, NIC - Not-in-city ATB, HS - Heavily shielded

XR=X#Fi#, PM=§, DC=FECBKN,

NIC =[F#RIBFATPIIZ v & & o 28, HS =1 ¥ &



Exposure Age at Presence of

MF No Case distance T65D Age onset or cavitary Source of Histologic
EALGES EHHES WHOREM T 654 it ];':jié;\[i—;fim )jgl{;{ﬁ;‘l;\sﬁj:,; «ﬁ:;tjtf:;:f,) (Ijﬂg:t;tf:t:}it: :.la-tt.;I;EuJ t\pL o
m rad J J & Wi 5 ﬁ[}m . PR L
23 NIC 0 44 60 - XR, PM Squamous T P &t ffa s
24 NIC 0 40 56 + PM Adeno 'R #
25 1039 239 51 70 - XR, PM Squamous ¥ - &0 ja 1
26 1576 20 42 57 = XR, PM Squamous i F 0 fa s
27 NIC 0 38 54 — PM Adeno IR
28 NIC 0 50 60 - XR, PM Adeno s
29 NIC 0 40 56 - XR, PM Adeno B
Probable Case Ui IZ @ E L EH
30 1290 65 59 79 - XR *
Possible Cases F&HfF#RE 4 fEH
31 NIC 0 30 46 — DC *
32 899 499 46 57 - XR, DC *
33 946 347 15 62 - XR, Biopsy, DC *
4 M
34 1671 10 61 756 - DC *
35 3140 0 61 72 — DC "
36 1350 HS 37 46 — DC "
37 1314 59 55 60 - XR ®
Female Definite Cases [L 8 ®<ctt, b % 4 E 6
38 2033 1 33 45 - XR, Bronchoscopy, Biopsy Adeno Mp#E
AELHMBTE, £
39 1545 1'¢ 66 81 = XR, Cytology #ikozzaH 4
40 1430 31 39 56 - XR, Thoracotomy M E§#i Adeno Bl
41 964 340 41 55 - XR, Thoracotomy, PM Adeno iR#
W g #
42 1377 44 39 56 - XR, PM Undif skt
43 1383 36 61 79 - XR, Cytology #fias i *
44 1284 72 52 61 - XR, PM Bronchiolar #% 4
45 1570 14 56 73 - PM Undif 5 1k
46 1657 8 55 75 - XR, PM Adeno B
47 1598 11 38 54 - XR, PM Adeno Rits
48 1250 T2 38 58 — XR, Bronchoscopy, Biopsy, PM  Squamous ¥ - # i
WA KM, £k
49 1114 177 44 59 - XR, Biopsy, PM Adeno M
4 H
50 1290 64 52 65 - XR, Bronchoscopy, Cytology *
M XWMBRE, MRk
51 1901 2 59 67 = DC, PM Squamous W ¥ #8 fa 5%
52 NIC 0 44 63 + Bronchoscopy, Cytology Squamous i T #i fo
MR X ERE, MilaEnei
53 3100 0 56 73 - XR, PM Squamous i T # fa &
54 NIC 0 38 55 - DC, PM Adeno Mi#
NAGASAKI Male Definite Cases
RO RE, BEREEH
55 4058 0 46 65 = PM Squamous K 3 40 i 2
56 1435 HS 41 56 - XR, Thoracotomy, PM Squamous K - #1 fia s
I B i
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Exposure Age at Presence of

MF No  Case distance T65D Age onset or cavitary Source of diagnostic material Histologic
HEERRE ERFES HWER T 658 it ATB diagnosis tuberculosis 5 U5 O %k type
MREFEERS SEMGRE £ 213 ZEERERbASHGE MUY 57 20
" £ B U 0 oA

57 1352 204 50 67 + XR, PM Adeno RR#%

58 1492 125 38 53 - XR, Biopsy % # Undif #o1tH

59 1409 HS 52 70 - XR, PM Adeno R

60 NIC 0 42 52 - PM Undif Hor o

61 3963 0 45 65 - XR, PM Undif F&{t

62 NIC 0 41 58 - XR, PM Adeno B

63 NIC 0 44 55 ol PM Squamous ¥ il fiz %

Possible Cases & By FHe® & EH

64 1329 190 56 72 - DC o
65 1152 HS 49 63 - Biopsy, DC d
8.
Female Definite Case & BIMD %, & HIHE®E 4 fEfl
66 NIC 0 49 67 - PM Adeno B

*Tissue not available at ABCC for review . Biit I HIAIE AL ABCC 12 F s h T v &,
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