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SUMMARY g B

The incidence of malignant tumors in the RERF
Life Span Study (LSS) sample in Nagasaki as
revealed by the Nagasaki Tumor Registry
{Registry) has been investigated for the period
1959-78.

No exposure status bias in data collection has
been revealed. Neither method of diagnosis,
reporting hospitals, nor the frequency of doubtful
cases differ by exposure dose, Thus, the effect of
a bias, if one exists, must be small and should not
affect the interpretation of the results obtained
in the present analysis.

The risk of radiogenic cancer definitely increases
with radiation dose for leukemia, cancer of the
breast, lung, stomach, and thyroid, and sug-
gestively so for cancer of the colon and urinary
tract and multiple myeloma. However, there is
no increase as yet for cancer of the esophagus,
liver, gall bladder, uterus, ovary, and salivary
gland, or for malignant lymphoma.

For fatal cancers, these results strengthen those
of the recent analysis of mortality based on
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death certificates on the same LSS cohort. In
general, the relative risks based on incidence (that
is, on Registry data) are either the same or
slightly higher than those based on mortality for
the same years; however, the absolute risk
estimates (excess cancer per million person-year
per rad) are far higher.

Since atomic bomb radiation in WNagasaki
consisted essentially of gamma rays, the present
report provides a good opportunity to examine
the shape of doseresponse curve for gamma
exposure. A linear model fits best or at least
as well as a liriear-quadratic model for many
cancers other than leukemia, specifically, cancer
of the breast, lung, stomach, and thyroid, where
the fit of the quadratic model is not good. This
is in contrast to leukemia where the quadratic
model fits better than either the linear or the
linear-quadratic model. Statistically, however,
one cannot actually distinguish one model from
another, Further data are obviously necessary.

INTRODUCTION

Somewhat more than 20 years ago Tumor
Registriesl were established in Hiroshima and
Nagasaki under the auspices of the respective
City Medical Associations and with the technical
support of ABCC, predecessor of RERF. The
specific purpose was to develop and maintain a
source of information on tumors diagnosed in
-these two communities. They have been and
continue to be effective mechanisms for the
collection and storage of cancer case information,
and the data recorded have been invaluable in
the assessment of the role of ionizing radiation in
the etiology of certain specific cancers. The
Registry in Nagasaki has proven particularly so,
because data collection there has been more
" complete over time than in Hiroshima. Of
course, completeness of ascertainment in both
cities varies somewhat with the site of a tumor
and its fatal or nonfatal nature. Migration
undoubtedly influences the ascertainment of
nonfatal incident cases more than fatal ones,
and this effect could be confounded with radia-
tion dose, an issue to which we will return.

1t is now widely known that the Hiroshima and
Nagasaki A-bombs differed strikingly in the
energies of the radiation spectra they generated,
largely as a result of the nature of their
construction. Individuals exposed in Hiroshima
within 1,600 m from the hypocenter received
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substantial neutron exposure’ (up to 25% at
1,000 m) whereas individuals exposed within
this same distance in Nagasaki received little
neutron exposure (at most 2%-3% at 1,000 m},
“The high correlation between gamma and neutron
dose in Hiroshima makes it very difficult to
separate their effects in this city. Accordingly,
the assessment of the risk of gamma rays and of
the relative biological effectiveness of meutrons
rests largely on the experience in Nagasaki since
it was an essentially uncontaminated gamma
exposure. However, the number of members of
the LSS cohort in Nagasaki (i.e., individuals
whose mortality experience is constantly under
surveillance®#) is small, and thus the utility of
death certificates alone to assess radiation effects
is limited, particularly insofar as those malignani
neoplasms are concerned which are frequenily
not the primary cause of death of the individuals
involved (e.g., breast and thyroid malignancies).
The Registries are especially valuable here.
Commonly, the Tumor Registry series is larger
than the death certificate one, and in some
instances very much so (e.g., breast, cervix &
uterus, and urinary organs).

Few previous ABCC-RERF reports on the
mortality experiences of A-bomb survivors used
and none examined the Registry data critically.
The report by Beebe et al,> made use of the
Registry data. At the time of their study {1959-
70), malignant tumor cases in the LSS sample in
the Nagasaki Registry numbered 1,015,
Generally, they found the Registry data sup-
portive of the observation based on mortality in
the LSS, but the Registry did reveal some
radiation-related cancers not disclosed by the
mortality surveillance and suggested dose-
tesponse relationships which were, or could be,
construed as at variance with the mortality
findings (e.g., leukemia). However, since possible
biases in data collection were not extensively
analyzed and’ the number of cancer incidence
cases was small, their findings have been viewed
circumspectly.

It is the purpose of this paper to examine anew
the relationship of ionizing radiation to the
occurrence of malignant neoplasms, as revealed
by tumors recorded in the Nagasaki Registry to
1978. Given the importance the BEIR report®
has attributed to preliminary Registry data, this
examination seems especially timely.
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MATERIALS AND METHODS

Source of Registry Data

The Nagasaki Registry, like most such registries,
incorporates various kinds of information
{clinical, pathological, radiological, etc.). RERF
field investigators visit most hospitals (all of the
large ones) in Nagasaki City and collect data on
the occurrence of malignant tumors. They
search autopsy protocols, which have been
relatively more common in Nagasaki and
Hiroshima than elsewhere, clinical and pathol-
ogical reports "as well as surgicdl operation
records. At surgery tumors can be confirmed
directly, and with recent progress in operative
techniques, surgical records are especially useful
sources of data on nonfatal cancers (e.g., breast,
uterine cervix, and urinary bladder). Information
from autopsies, pathological and surgical opera-
tion reports will be grouped here as confirmed
cases to be used as a guideline in the analysis.

X-ray diagnoses and clinical examinations are
still important sources of data, and recently
diagnosis by cytological examination and
endoscopy has increased markedly. The latter
should, of course, be classified separately, but
the number is still small (15 cases) and therefore
were included in the clinical diagnosis category.
When information obtained from these various
sources was checked against death certificates,
many tumors were found for which no hospital
record has been obtained. Thus, death certificates
remain an important source of infprmation.

Multiple reports of the same tumor sometimes
occur. There are cases in which the same cancer
is reported by different hospitals, at different
periods, and by different diagnostic methods;
when this occurs, only the report having the
best information is coded and filed. Best in this
context implies most complete and cogent,
Among the alternative methods of ascertain-
ment, autopsy findings take precedence over all
others, followed by surgical pathological state-
ments, the findings of the surgeon, radiography,
clinical examinations, and the statement on the
death certificate.

Cancer Incidence Rate in Nagasaki Registry vs
Other Tumor Registries in Japan .
At present, tumor registries exist in over 10
prefectures in Japan as well as in Hiroshima and
" Nagasaki. To assess the completeness of the
registration of malignant tumors in Nagasaki, a

HERBUSE

BREADHF
BORBEBREO L 512, BHREEBREE L 5 BE
D¥R (BEHM, REEN, HHREN, Z06)
Y EATVS. HEFEERRLERHROEEA Y
DFEE (KFREE+AT) 2R L, BRI 1B
TAEMERET . AL, ROBHLN LB
BOES I EERSCEETTbh 3 2BOHEY
W, FAEEOROCREENSE, BUCHE
FHEREBAS. FHTEWE L ERCERTE,
FAREONBROES T, FREHEE
KRS (LE, FEESECEROE) M
RROBHMRUATS 5. HRTH, WERS
RUFHBE,585h5MEBHERERE LT
By, BFcREHELTRVYS RS,

XMW R VBERRSEIKAL LTEE 2 RET
Ho, RiE, MEDRCARBERE L BB
FELCHMULT VS, 534, REETICHE
ENA3PBEHFHEN, FOHERKRELTL N
(15H) OT, ABCRBEBHFOGFIZGHL. 20
BOEREEL SEBARBLRCBHELBALL
LA, BERRSBLATV A VEBHASY
BBahk, LT, FEUBHFREIRARELT
BEELWHBETH 5.

RIzER—-EgC>wTEMORENH S, FCH
CRA-FRE, Ri-70M, B2 -2l FE
E-THBEERAAMAS B, 20Ok B8,
RAOEHAEREA TV ABENSEREL
BETS. COBSIRRTHIIZLIE, RLESR
THBIFSZZ L 2HEET 5. HEHFED I BT
AR T ~TIIEEL, 2L THAER
&, HHIATR, Xk, BRRER UFEC RIS
PFERIZEKS.

EENEERLAROBMROAETRIZE 38
REFOHLR

B, EESHEIAROEOR, EIZKS - K6
I ohTwS. BEBIcS T 3EEEBOESED




RERF TR 6-81

TABLE 1 SITE-SPECIFIC & AGE-ADJUSTED INCIDENCE RATES, NAGASAKI TUMOR REGISTRY &
OTHER REGISTRIES IN JAPAN

#£1 EREGLTo-MIRREER; BEETER CER it oIS
Male ° Female
Site : - Nagasaki . - Nagasaki
Maximum-Minimum  Average Registry Rate Maximum-Minimum  Average Registry Rate
A B C C/B A B’ c c/B’
All sites 2174 - 137.0 209.8 2762 1.3 169.3 — 101.6 1432 2027 14
Mouth 50—~ 1.0 34 68 2.0 22- 07 1.3 1.8 1.5
Esophagus 13.0 - 46 9.0 78 09 31—~ 09 2.1 27 13
Stomach 99.8 — 58.7 86.4 849 1.0 449 — 29.1 42.0 46.2 1.1
Colon 98- 40 8.6 10.3 1.2 92— 48 7.1 98 14
Rectum 11.1 - 5.2 9.5 131 14 73—~ 2.1 6.0 57 10
Liver 241 - 5.0 14.8 288 19 7.5- 21 54 6.7 1.2
Gall bladder 6.7- 19 4.5 49 11 66— 18 4.4 122 28
Pancreas 89— 48 6.9 8.7 1.3 46— 3.0 4.0 72 18
Bronchus & lung 292 —~ 172 26.0 430 1.7 96— 45 8.1 127 1.6
Breast 06— 00 0.3 05 1.7 241 - 6.9 16.° 23.0 14
Prostate (Uterus) 51— 1.9 44 82 1.9 365 - 124 22.6 365 16
Bladder 2.0- 08 5.5 53 1.0 20— 08 Ch 1.5 09
Multiple myeloma 7.2- 22 5.1 14.1 2.8 48 - 1.0 3.0 146 4.9
Leukemia 64— 29 49 82 1.7 56— 23 3.8 22 06

Maximum-Minimum: Based on 13 registries {Ministry Study Group). W Xkifi— R Mit:

13§k (R RFEHE) 12357 <.

Average: Average rate for Mivagi, Yamagata, Osaka, Okayama, and Fukuoka registries.

R

:whk, NEL KR MR UREC & EROTFHRER.

Source: Report of the Health and Welfare Ministry Study Group on Cancer Registries.
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comparison of Registry findings with the cancer
incidence rate in these other registries® has been
made (Table 1). Compared with the average
cancer incidence for 5 representative prefectures,
the incidence for all sites in Nagasaki is 1.4 times
higher in both males and females and exceeds the
highest value in the 13 participating prefectures.
For 11 out of 14 specific sites, Nagasaki surpasses
the average and for 8 and 6 specific sites
respectively, exceeds even the highest value
reported elsewhere for men and women. In
general, then, Nagasaki (and Hiroshima) exhibits
a relatively high incidence rate. The reasons for
these differences include:

The completeness of reporting in Nagasaki.
As stated, Registry field investigators visit all
large hospitals periodically to collect the data.
Most other registries depend upon voluntary
reports from participating hospitals. More-
over, in the case of multiple myeloma the
existence of a separate Leukemia Registry
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ﬁndoubtedly increases the completeness of
the reporting of all blood and lymphatic
disorders.

Over-registration may occur .,becavse of the
inclusion of doubtful diagnosis, and occult
cancer. In order to reduce the false negative
rate in screening cases for the cancer registry,
a diagnosis described as doubtful by the
attending physician is so registered, unless it
is corrected or confirmed by a later report.
As mentioned earlier, the autopsy rate is high
in Nagasaki, particularly in the RERF cohort,
so the number of occult cancer (recognized
only at autopsy) is also high, A detailed
discussion will be found elsewhere.’

Determination of Double Primary Cancer

When a case of double primary cancer is
suspected, the multiple cancers are registered;
however, the criterion for the registration has not
been well defined (especially in the earlier years).
In the present study, multiple cancers were
registered on 175 occasions (2 cancers in 164
instances and 3 cancers in 11). These cases were
reviewed based on the International Agency for
Research on Cancer guidelines® on cancer
registry; 138 cases (138/175, 79%) were
histologically diagnosed, and therefore their
review hinged on the appraisal of a pathologist.
To match our diagnostic criterion as closely as
possible with the criteria used in other Japanese
cancer registries (this is rarely done in Japan),
comments were sought from specialists at the
Osaka Center for Adult Diseases before the final
decision on a double primary cancer was made.
As a result 68 of the 175 cases were considered
to be double primary cancers for a frequency of
3.6%(68/1870). However, 29% of these involved
autopsies and therefore latent cancers, notably of
the thyroid and prostate glands, were commonly
treated as double primary cancer. If the
designation of double primary cancer is limited
to cancer detected clinically, the frequency is
2.5%(46/1870). In the following analysis, these
68 cases are treated as independent cancers at
their respective sites.

Exposure Dose

The dose estimates used here are based on a
revision of the original T65 dose system (T65
DR} and involve the recently relocated Nagasaki
hypocenter,” and a standardization of the
rounding process (the method of half adjustment)
employed in the calculation of individual dose.!®
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The effect of relocation is small; however, the
change in number of subjects associated with the
revision in rgunding is fairly large being 14.7%
in the 0 rad and 8.7% in the 1-9 rad groups, but
is less than 1% in the high dose gro'ups.4

Statistical Methods

The statistical methods used in the analysis of
the basic contingency table data have been
described elsewhere>!!  Briefly, the exposed
individuals in the cohort (excluding the not-in-
city (NIC) and dose unknown groups) were
divided into eight dose categories (0, 1-9, 1049,
50-99, 100-199, 200-299, 300-399, and 400+
rad) and a contingency table analysis was made
adjusting for age at the time of the bomb (ATB),
sex, and period (year of death) using the Mantel-
Haenszel method. In addition to the usual
chi-square test, Cochran’s linear trend chi-square
test was calculated for the summary contingency
table. Relative risks are based on the latter
table; they are, by definition, the ratios of two
quotients, namely, the observed to expected
cases in the 100+ (or 200+) rad group and the
observed to expected cases in the 0 (or 0-9) rad
group. The absolute risk was calculated from a
linear regression of the excess cases (observed
— expected cases) in each dose group in the
contingency table using the mean for each dose
group as the independent variable.!!

An analysis including the 5,948 subjects in the
NIC group and employing different dose
categories (NIC and 0 rad combined, 14, 5-19,
20-99, 100-199, 200-299, 300-399, and 400+
rad) was also made, The absolute (excess cases/
10° PYR) and relative risks (100+ vs 0 rad)
obtained for the two different sets of exposure
categories are shown in Appendix Table 1. Both
analyses yielded similar results. Hereafter, we
present only the findings from the previously
mentioned cut for two reasons, First, one of the
purposes of this paper is to- compare the present
results with those obtained from the mortality
study® in which this dose cut was used and the
NIC group was excluded. Second, the NIC group
differs from the exposed group in socioeconomic
status and may differ in frequency and nature of
medical care which could introduce a bias in
reporting to the Registry.

Study Subjects
The subjects for this study are members of the
LSS extended sample in Nagasaki alive in 1959.
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TABLE 2 NUMBER OF SUBJECTS AND PERSON-YEARS IN TUMOR REGISTRY DATA, 1959-78
#2 METHAMIIHGIHNERMHERCAE, 1950785

T&5SDR in Rad
t NIC Unk
Age ATB Total ™, 19 ° 1049 5099 100-199 200-299 300399 400+ "
Median Dose... @ 3.6 21,2 71.2 146.9 243.7 3437  529.2
Number of Study Subjects*

Total
Total 17936 3694 6603 3702 1358 1307 683 254 335 5948 861

0-9 4136 819 1621 1046 267 172 101 40 70 1330 168
10-19 5346 1137 1905 870 426 553 276 17 102 1742 329
20-34 3516 758 1211 674 288 288 157 10 70 1308 173
3549 3367 695 1246 721 260 213 109 52 71 1090 136
50+ 1571 285 620 391 117 81 40 15 22 478 55
Male
Total 7639 1653 2698 1511 614 582 300 116 165 2651 438

0-9 2031 391 795 519 129 87 54 21 35 634 69
10-19 2292 462 873 374 177 219 101 31 55 769 169
20-34 1056 276 288 164 104 109 67 21 21 443 81
3549 1520 363 485 278 145 123 57 30 39 558 87
50+ 740 161 257 176 59 44 21 7 15 247 32
Female
Total 10297 2041 3905 2191 744 725 383 138 170 3297 423

0-9 2105 428 826 527 138 85 47 19 35 696 99
10-19 3054 675 1032 496 249 334 175 46 47 973 160
20-34 2460 482 923 510 184 179 90 . 43 49 865 92
3549 1847 332 761 443 115 90 52 22 32 532 49
50+ 831 124 363 215 58 37 19 8 7 231 23
Year

Number of Person-Years

Totat

1959-78 319803 66648 1173017 65409 24343 23413 12341 4491 5857 106803 15606
1959-62 70404 14532 25872 14474 5371 5152 2688 1001 1314 23355 3384
196366 67312 14000 24675 13784 5127 4933 2599 955 1239 22406 3251
1967-70 64036 13409 23455 13053 4869 4688 2480 899 1183 21333 3108
1971-74 60675 127062 22243 12355 4615 4447 2371 852 1090 20324 2990
1975-78 57376 12005 21056 11743 4361 4193 2203 784 1031 19385 2873

Male

1959-78 132535 28814 46880 26184 10579 10136 5241 1977 2724 46419 7737
1959-62 29849 6463 10539 5879 2412 2286 1175 454 641 10390 1717
1963-66 28224 6152 9948 5565 2246 2172 1128 429 584 9874 1635
1967-70 26492 5796 9332 5232 2095 2037 1062 391 547 9262 1537
1971-74 24788 5387 8780 4901 1971 1893 987 372 497 8693 1466
1975-78 23182 5016 8281 4607 1855 1748 889 33 455 8200 1382

Female

1959-78 187268 37834 70421 39225 13764 13277 7100 2514 3313 60384 7869
1959-62 40555 8069 15333 8595 2959 2866 1513 547 673 12965 1667
196366 39088 7848 14727 8219 2881 2761 1471 526 655 12532 1616
1967-70 37544 17613 14123 7821 2774 2651 1418 508 636 12071 1571
197174 35887 7315 13463 7454 2644 2554 1384 480 593 11631 1524
1975-78 34194 6989 12775 7136 2506 2445 1314 453 576 11185 1491

*Deaths prior to establishment of the Registry (1950-58) are excluded.
B0 RRLAT(1950—S8F) &1+ 2 LRI L 2.




Their number and the number of person-years at
risk during 1959-78 are shown in Table 2, The
observation period extends from 1959 through
1978. The Nagasaki Registry began, however, in
1958; the number of cases registered in that year
was 104. A total of 1,870 malignant tumor cases
was found in the study sample during 1959-78.

RESULTS AND DISCUSSION

Possible  Radiation-Related Bias in Case
Ascertainment .
Biases in the Registry data related to radiation
may have their origins in the hospitals prior to
case registration, the diagnostic methods used, or
at the time of diagnosis, For example, Nagasaki
A-bomb Hospital, which specializes in the care of
A-bomb survivors, is one of the three major
medical institutions in Nagasaki, and accounts for
a large part of the registered data. However, as
shown in Table 3, the distribution of fumor cases
by dose does not differ among the various partici-
pating hospitals including the A-bomb Hospital.

Similarly, the now widely known association of
radiation and malignant tumors could lead to the
use of certain diagnostic techniques more often
(surgical pathology) or less often (radiography)
among A-bomb survivors than nonsurvivors, or
diagnostic standards may have changed as this
association became more widely recognized. The
distribution of cases by diagnostic method and
dose group has been examined (Table 4).
Confirmed cases (autopsy, surgical pathology,
and surgical operation) account for 72% of the
data and cases ascertained solely through death
certificates only 7%. This contrasts remarkably
with the figures obtained from other registries in
Japan, where, on the average, only half of the
cases are confirmed and 37% are ascertained
solely by death certificate, Clearly the quality of
registration in Nagasaki is superior to that in
other regisiries, Distribution of the cases by
diagnostic method and exposure dose shows
the 100+ rad group to have few cases having
undergone autopsy, but surgical pathological
examinations have been more numerous than in
their counterparts in other dose groups. The
difference is not statistically significant (P > 0.05)
in either instance. However, when the autopsy,
surgical pathology, and surgical operation cases
are combined and treated as a single confirmed
group, they represent 70% of the 100+ rad
group, which is the same as the mean value for
all other dose groups.
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TABLE 3 CANCER OF ALL SITES BY HOSPITAL & EXPOSURE STATUS
#3 2ol RRECHERESH

T65 DR in Rad
Hospital Total 0O 19 1049 50-99 100+  NIC Unk

No. % ‘No. % No. % No. % No. % No. %

Total 1412100.0 274 194 455 322 262 186 107 76 314 222 404 54

ABCC-RERF §20100.0 103 19.8 153 294 96 18.5 45 8.6 123 23.7 156 20
Nagasaki University 347 100.0 61 17.6 116 334 61 176 28 8.1 81 233 91 18
Citizens Hospital 78 100.0 17 21.8 25 321 17 218 5 .64 14 179 35 2
A-bomb Hospital 207 100.0 40 19.3 73 353 36 174 9 43 49 237 19 8
Other Large Hospital 128 100.0 28 21.9 36 28.1 28 219 11 86 25 195 35 4
Practitioner (Private) 79 100.0 13 16.5 32 405 16 20.2 7 8.9 11 139 35 2
Other 53 100.0 12 22.6 20 377 8 151 2 38 11 208 33 0

Difference in disiribution by hospital among five exposure groups (NIC & Unk excluded) is not significant. x*=18.46,
dr=24, p=.78

E2OBBEESAR(GALIVE» > -ERUFSBTHARRMICEIAAKNOFHERHEETE . 1! =18.46, df =24,
P=.78.

TABLE 4 CANCER OF ALL SITES BY METHOD OF ASCERTAINMENT & EXPOSURE STATUS
Fd4 EAGOR; BRAHERFERESTH

T65 DR in Rad

Method of
Ascertainment Total 0 19 1049 5099 100 + NIC Unk
Rate Rate Rate Rate Rate Rate
No. % No. % No. 7, No. % No. % No. o,
Total 1412100.0 274 100.0 4551000 262100.0 1071000 314100.0 404 54
Histologically confirmed 1015 71.9 186 67.% 335 73.6 188 71.8 85 794 221 704 273 37
Autopsy 420 29.7 76 278 140 30.8 82 3i.3 40 374 82 26.1 114 i9
Surgical 514 364 96 350 164 36.0 89 34.0 36 336 129 41.1 136 15
Operation 81 5.7 14 5.1 31 6.8 17 6.5 9 84 10 3.2 23 3
Other 397 28.1 88 321 120 26.4 74 282 22 20.6 93 296 131 17
Radiography 129 9.1 34 124 37 8.1 25 95 6 5.6 27 8.6 35 7
Clinical 173 123 36 131 48 10.6 32 122 9 B84 48 15.3 42 8
Death certificate 95 6.7 18 6.6 35 1.7 17 6.5 7 6.6 18 5.7 54 2

Difference in distribution by six methods of ascertainment is not significant among five exposure groups (NIC and Unk
excluded). x*=24.54, df=20, P=.22.

A-NHAXABR(TALB L AERUBRRTHRSEIBRMCSI 2R >OBRFRCLIFHELIFEC L. y2 —=H.54,
df =20, P=.22.

Difference in distribution by histologically confirmed & other is not significant among five exposure groups (NIC and Unk
excluded). x*=6.2, df=4, P=.18.

AOORARAB (TR LS - B R UERTFHBIRM LS A2 CHIS A BERUZIOBOR L LEFABERINET
. y? =6.2, df =4, P=.18. .

1¢
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TABLE 5 CANCER OF ALL SITES BY METHOD OF ASCERTAINMENT, EXPOSURE STATUS, & PERIOD

%5 Sifrof; BREFE, SEXS R UM
T65 DR in Rad
Total 0 1-9 1049 50-99 100 +
Method of

Ascertainment NIC  Unk

No. % No. % No. % No. % No. % No. %
1959-70 Total 766 100.0 122 100.0 260100.0 165 100.0 59 100.0 160100.0 249 37
Confirmed* 553 72.2 82 672 191 735 117 709 46 78.0 117 73.1 175 19
Other 213 278 40 32.8 69 26.5 48 29.1 13 220 43 269 74 18
1971-78 Totat 646 100.0 1521000 1951000 97 100.0 43 100.0 154 1000 155 17
Confirmed* 462 71.5 104 684 144 738 71 73.2 39 81.2 104 675 98 12
Other 184 2835 48 316 51 26.2 26 268 9 18.8 50 325 57 5

Difference in distribution by two methods of diagnosis among five exposure groups (NIC excluded) is not significant. x*=2.9,
df=4, P=.58 for 1959-70, & x*=4.8, df=4, P=.31 for 1971-78.

AoOBREESH(TALCCE > 2HERMCHEIZ 2 DBFEHFENNRFGZRIHEC L., xt =2.9, df =4, P=.58 (1955—
704), B ¥? =4.8, df =4, P=.31 {1971—78%)

* By autopsy, surgical, or operation.  #i#, 5%, X FHIz L5,

The proportion of confirmed cases in the
different exposure categories was further investi-
gated by the period in which the case was
detected, because data collection in the Registry
could differ with time. To doso, the survey
period was divided into two parts, 1959-70 and
1971-78. Asshown in Table 5, the proportion of
confirmed cases does not differ by dose groups
in either period.

The frequency of doubtful diagnosis was about
12% of the total number of cancer cases, but
this proportion does not differ among the dose
groups (Appendix Table 2). The age-sex
distribution of cases ascertained through the
Registry was compared with that of cancer
deaths ascertained through death certificates in
the mortality study.® As shown in Appendix
Table 3, the age distribution tends to be younger
in the Registry data and more female cases are
ascertained because of the inclusion of cancer of
the thyroid and breast, both nonfatal and found
predominantly in females. This comparison is
not necessarily the most suitable one to determine
possible bias in relation to age and sex, because
it confounds the differences in age (and sex)
associated with fatal and nonfatal tumors.
However, the differences in age and sex between
the two ascertainment procedures are not signifi-
cant in any one of the dose groups, which
suggests that a bias, if one exists, cannot be large.
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It is known that the autopsy rate in the LSS
cohort in Hiroshima for the years 1961-75 was
radiation dose dependent. Thus, some 43% of
individuals dying in these years who received
100 rad or more and where menibers of the LSS
group were autopsied, whereas only 30% of
similar individuals in the 0 rad dose group came
to autopsy. A similar, but less striking situation
was obtained in Nagasaki, where 114 (35%) of
324 LSS individuals dying in 1961-75 who
received 100 rad or more were autopsied as
contrasted with 188 (30%) of 619 individuals
receiving less than 1 rad. Cleatly, this difference
could create a spurious effect of radiation on
those nonfatal tumors, such as thyroid and
prostate, recognized only at autopsy. We find,
for example, that 11 of the 30 cases of prostatic
cancer recorded in the Registry were occult
(discovered only at autopsy) as were 28 of 71
thyreid malignancies. To preclude such spurious
relationships we shall explore the relationship of
radiation to occult and nonoccult tumors
separately.

The Registry is limited to subjects living in
Nagasaki, and does not cover migrants. Migration
from Nagasaki has been substantial in the last
several decades, and thus it is conceivable that
the losses through migration could change the
dose distribution of those individuails with tumors
who get into the Registry. This would seem
especially likely in nonfatal tumors (e.g., thyroid
and breast) in the younger mempers of the LSS
sample. In fact, however, this does not seem to
have happened. Data from the Adult Health
Study in Nagasaki,”> a LSS subset, fail to
disclose differential rates of migration by dose
and time. More recently, other evidence on this
issue has become available as a result of a mail
. survey of exposed LSS members, These data too
fail to reveal systematic differences in migration
by dose and time which could obscure a radiation
effect or create a spurious one.

Cancer Incidence in Relation to Radiation
Exposure

Figure 1 shows the relative risk by site for the
100+ rad group (vs 0 rad) calculated from the
data on all diagnoses, confirmed cases, and death
certificates for specific cancer sites examined in
the current mortality study paper. When the
number of cases in the 0 rad group was small
(less than 20), the risk was calculated from the
0-9 rad group. The number of cases are suf-
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FIGURE 1 RELATIVE RISK (100+ vs 0 RAD) AND 90% CONFIDENCE INTERVAL FOR
SELECTED CANCER SITES BY METHOD OF ASCERTAINMENT, 1959-78
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ficiently large only for all cancer, all cancer
except leukemia, and stomach cancer. The
calculated relative risks and 90% confidence
intervals are shown in Appendix Table 4.
Although the mortality study spans the years
1950-78, the mortality data have here been
restricted to the years covered by the Registry
(1959-78).

Among the sites given in Figure 1, the relative

risk is not increased for esophageal or uterine
cancer incidence for any one of the three
diagnostic groups. When the 90% confidence
limit is tzken into consideration, the relative risk
im the 100+ rad group is absolutely higher than
1.0 for each of the three diagnostic groups for
leukemia, cancer of the lung, urinary tract, and
breast, and all cancer and all cancer except
lenkemia. For stomach and colon cancer the
relative risk is increased in the morbidity data
but not in the mortality data. It is important o
note here that 26% of the cases of stomach
cancer recorded in the Registry in 1959-78 were
still alive at the beginning of 1979 as contrasted
with only 10% of the lung cancer cases and no
individuals with leukemia. We know that the
excess number of stomach cancer cases is
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TABLE 6 EXCESS INCIDENCE PER 10° PYR AND 90% CONFIDENCE INTERVAL
BY PERIOD FOR SELECTED CANCER SITES

#6 BESUOEOSPYRELD O BRBEERE FR%EHEM; HAMKN

f* All Cancer
Leukemia except Leukemia Stomach
Period
Lower Upper  Lower Upper  Lower Upper
Limit  EX%*5s* yini  Limit  EX%®S Timit  Limit DX Jimit
195962 1.71 2.29 2.87 4.60 7.97 11.33 —0.04 1.83 3.1
1963-66 —0.02 0.41 0.35 1.85 6.10 10.36 -1.12 1.26 3.63
1967-70 -0.24 0.47 1.18 2.72 7.24 11.76 -2.29 0.42 314
1971-74 —0.37 -0.08 0.22 4.11 926 1441 -1.59 0.94 346
1975-78 -1.10 —-0.37 0.35 14.23 19.65 2508 0.02 291 5.80
Lung Breast Thyroid
195962 0.68 1.46 2.25 -1.81 —0.41 1.00 1.49 2.34 3.19
1963-66 —0.64 0.54 1.72 —-0.44 0.9¢9 2.43 -0.10 1.11 2.32
1967-70 —0.66 0.82 2.29 6.66 8.62 1058 -0.19 0.71 1.61
1971-714 —0.85 0.77 2.39 -0.27 1.95 4.18 0.37 1.33 2.30
1975-718 -0.87 0.79 2.45 3.35 5.86 8.38 0.65 1.56 2.47

*Excess incidence/10° PYR @ LW /10° PYR
Lower & Upper Limit of 90% confidence interval N%EHRM O LERE U FH

especially high in the most recent four years
(1975-78) and much of this excess has yet to
appear as deaths because of the length of time
which intervenes, on the average, between
diagnosis and death (Table 6). Neither leukemia
nor lung cancer are comparable in these respects,
for there is no longer an excess in leukemia and
the excess in lung cancer has remained essentially
unchanged over the last 16 years. This suggesis
the continuing need for morbidity data to
determine the relationships of these cancers to
radiation. In general, however, the relative risk
does not differ appreciably among all diagnoses,
confirmed cases, or mortality data,

Figure 2 shows the relative risk in the 100+ rad
group based on all diagnosed tumor cases for all
sites; since the relative risk does not differ
between all diagnosed and confirmed cases
(Figure 1), the risk is given only for all diagnoses
here. In addition to the four sites mentioned
(cancer of the lung, breast, stomach, and urinary
tract and leukemia ) for which the relative risks
are definitely increased, the relative risk also
increases for cancer of the pancreas and thyroid,
and multiple myeloma, but does not increase for
cancer of the esophagus, liver, salivary gland,

14

(1975— 78 ) HF W <, A %M, BiH 55 EC
FTCOMMARVADIZ, OB ST ES
FECELTRBREATHRL(XG). ZThsDHETIE
EmmLMmERES. 2L S, HMMIZLIER
BEE S L, WSOBRMLBEISFIhl2 THE
BIZEE2wASTHE, ZOZ L, BHRETH
FRAOWTHEHEESIAL DB EEFARLOMELHR
NAELBENHBZILERET A, 2L, BEbh
20, BWFEEM, SECEEARO MM ERE
k& EH|EEASHRL V.

BI 21, AT 00T B & 1 s 2R
RS C10trad HOHIMREEEZRLALOT
HBE. RBUFHE T ORREERN S O M HE
BIZZRZCOT(RL), ZZCHEBRIIZ> VT
DHBBRELRL 7. M AEBEANECHML T
VA LM o (i, 5L, BRUHERSGOR
CHMmMB) ITME T, MEBEUCRRBORE, HUC
ERETHEOSR &L HMARBEEIEHMT 35,
fiH, ATNE, oEyEAz, B, WIR, HIB, FE




RERF TR 6-81

FIGURE 2 RELATIVE RISK (100+ vs 0 RAD) AND 90% CONFIDENCE INTERVAL
BY CANCER SIiTE, ALL METHODS OF ASCERTAINMENT COMBINED, 1959-78
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gall bladder, prostate, rectum, uterus, and ovary,
ot malignant lymphoma and other lymphatic
tissue.

The dose-response curve for the incidence rate
adjusted for age and sex is shown in Figure 3 for
sites for which the linear trend test is statistically
significant at P < 0.05. These are leukemia,
cancer of the stomach, colon, liver, lung,
thyroid, breast, prostate, and urinary tract, and
multiple myeloma. For cancer of the liver and
urinary tract, the incidence rates do not increase
with dose except in the high dose group where
the number of cases is small. The dosesesponse
curves were also examined for the separate time
periods (Figure 4). The data are limited to
confirmed cases for those sites where the dose
response is definite and the number of cases is
large (cancer of the stomach, lung, breast, and
thyroid) and the response is expressed in terms
of relative risk. In general, the dose-response
relationships do not differ even when the
material is restricted to confirmed cases.

These results strengthen reniarkably the findings
obtained from the mortality study in Nagasaki
(1950-78).* The trend statistics were merely

15

] 10
RELATIVE RISK

BUSAN, ALVEEM) yERTFTOMOY XY
HiE OB OBA ML Zuw.

B3 I mME SN P<O.05THRUMCTERTH S
HircoutT, EMEUELARLALRERORR
BIsH@RERLALOTH S, Zh5EANE 8,
AR, AFEE, M, RARR, U, ATVRR UHIRES
o, BT ERERUETH 5. FRRUBRES
OEBOBEE, EREFPEOBHEREERC T,
B EHREE L B CRMU Sy HIMBICRR
RS0z LiT-2 (R4). 2hs0RME
BEREGAHECHESE <, F0REE HAER
BETRLAEE(TE, W, IHFRUBREBO#E) 2
SUBWTORERSIREL L. ELT, Bt
BMEEMCREL LBATLBRARGMHECED

5%,

INSOERIEMOFE R (1950—T8F ) 5
BARREELCBIETZ. FOMABKENERE, &



RERF TR 6-81

FIGURE 3 AGE-SEX ADJUSTED AVERAGE ANNUAL INCIDENCE RATE BY DOSE FOR
SELECTED CANCER SITES, ALL METHODS OF ASCERTAINMENT, 1959-78
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FTRTOERFEOE, 1959—785
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suggestive for cancer of the stomach, colon, lung,
breast, and urinary tract, and multiple myeloma,
but become significant at the 5% level in the
Registry data, The present study confirms the
association of leukemia, multiple myeloma, and
cancer of the breast and thyroid with radiation
previously reported.’®®  Insofar as thyroid
tumors are concerned, analysis of occult and
nonoccult tumors revealed the trend with dose to
be significant for nonoccult cases (P=0.001) but
not for occult cases (P=0.28) (Table 7). Thus,
the trend is not explicable in terms of the biasin
the distribution of autopsied individuals, but this
is not true for the significant increase in prostate
tumors with dose seen in Table 7. Here, we
observe that the trend with dose for nonoccult
cases is not significant (P=0.06), but the cne for
occult tumors is P=0.01. The earlier report®
revealed the trend statistics to be significant at
the 5% level for leukemia and cancer of the
breast, thyroid, lung, colon, and urinary tract
based on the Registry data for 1959-70 in
Nagasaki, although an extensive analysis was not
made.

Absolute risk estimates (excess incidence per
10° PYR) were calculated under the assumption
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FIGURE 4 RELATIVE RISK BY METHOD OF ASCERTAINMENT AND PERIOD
FOR SELECTED CANCER SITES, 1959-78
M4 FELromEofxEkE; AN
B USRI, 1959—734

™
1

1959 — 78 [ 1950 — 1970 [ 1971 - 78

sl | STOMACH |

2] i |

1 _\/\_\
o 1 1 ] L L 1 L L L 1 L L 1 L L

LUNG

al ! |

2| | i

1

0 I L 1 1 L 1 1 ] L L L 1 L L L
127 - -

BREAST
s L All Methods
Confirmed

sl i

al

o 1 -} ] 1 1] Il 1 L L 1

12r - _

THYROID

sl B

al. N

G 1 1 1 1 1 L 1 L 1 it

()} 200 400 0 200 400

T65DR IN RAD

17



RERF TR 6-81

TABLE 7 CANCER OF THYROID AND PROSTATE BY TYPE AND DOSE

#7 FRBECHBROS; HERURRN
Statistical
T6S DR in Rad
Type Statistics = Test
Total 0 19 1049 50-99 160-199 200+ H L
Thyroid Cancer
Clinically evident Observed 43 6 9 7 2 9 10
O/E 0.69 0.56 0.81 0.61 2.76 3.32 000 0.00
Occult Observed 28 3 13 6 1 1 4
O/E 0.53 1.24 0.99 045 0.57 . 2.24 026 0.28
Prostate Cancer
Clinically evident Observed 19 5 2 3 4 3 2
O/E 1.15 0.32 0.76 2.48 2.08 143 020 0.06
Occult QObserved 11 3 4 1 1] 3
O/E 1.18 1.10 045 - 3.82 002 001

H: Nonhomogeneity of exposure groups regardless of pattern /¢ — ¥ L &ME D BRBOEHAE
L: Linear increase with dose fone tailed) SEORMIZFE I ME oMM 1 MRE)

that the incidence increases linearly with dose.
The excess incidence estimates for all diagnosed
and confirmed cases are compared with the
values obtained from the current mortality study®
in Figure 5 and Appendix Table 5, These
incidences are higher than the excess deaths
obtained from the mortality study except for
leukemia. Note, however, that the excess deaths
from leukemia are extremely few; the peak
annual incidence of radiation-related leukemia
had passed by 1959 when the observations for
this study began,

It seems clear, now, that the absolute risks based
on mortality statistics underestimate the true
risks, since as shown in Figure 1, the relative
. risks are the same for the mortality statistics and
Registry data and yet the incidence rate is far
higher than the death rate for most cancer sites.

Some Specific Problems Related to Radiation-
Induced Cancer

The effects of age ATB and sex, as well as’ the
shape of the dose-response curve have been
examined for those cancer sites where the
number of subjects is large (not less than 71} and
an unequivocal effect of radiation is observed
(leukemia, all cancer except leukemia, and cancer
of stomach, lung, breast, and thyroid).

Temporal Trend. Excess incidences per 10° PYR
are shown in Table 6 for 4-year periods in the

18

T, IR T (106 PYR 5572 0 BB E%)
NEERT-/7. 2RHBUREEEINCIMTS
#AERBESL, MSRURBHS L TRITO
RUESE »oBAMEERLA. CALOHEE
i, ARBEEAOLOIIMT 2RCE[FTE» L2
BREFECEN b EY. 22X L AMMHIL L 3BRIEC
BENT AR, HAEBLEEO S ZAMED O EH
BERO Y — 23, REEAME &N A195F I
Eii:ﬁiﬂl,’(?\f;.

HM1AR+T &, HAERBERRCEHEARY
BEREEHTCIEBEETHEY, LALRERBIELAY
DBMEBTIZOBTORCELILE S IZHVOT,
BROL A, FUEEF RS (BAEREN
EEOBBRELBLRMBLTVSILEMHEHIT
HBEEDbLNS.

HARFERBCHTIROPOBENME

FEAE(TMEAETFoE0), BEROHEZER
A SN AEBN (ALK, ALK GO 2E,
H, i, ERURREO®E) 10w T, HENER
RUHORE, #UCHRRREHEOTIRERN:.

BEMNER., HE6XI-TBEFL4FRFL T
WSPYRYANOBHRBRERLZRLELLOTSH 3.



RERF TR 6-81

FIGURE 5 EXCESS CASES PER 108 PYR AND 90% CONFIDENCE INTERVAL FOR
SELECTED CANCER SITES BY METHOD OF ASCERTAINMENT, 1959-78
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interval 1959-78. The excess incidence for
leukemia decreases with time and reached zero
by 1971, whereas, for all cancer except leukemia
the excess has increased with time. Note too
that the excess was higher in the first 4-year
period (1959-62) for all cancer except leukemia
and for some specific sites (stomach, lung, and
thyroid) than in two or more subsequent periods.
As the confidence interval of the estimated
excess incidence is large in every time period due
to the small number of incidence cases, and since
observations began only after 1959, it is hard to
determine whether an excess exists even in the
period 1959-62,

Age ATB and Sex. Excess incidence per 108
PYR increases with age ATB for all cancer
except leukemia. When the excess incidence by
age ATB is seen for the same attained age, the
excess incidence is larger for the younger ages
ATB in general as shown in Table 8. A similar
tendency is observed for cancer of the stomach
and lung, though it is less clear due to the
smaller number of cases (data not given)., Breast
cancer shows no excess incidence for ages 4049
or under 10 ATB. This observation is consistent
with the extended study of breast cancer
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TABLE 8 EXCESS INCIDENCE PER 106 PYR BY AGE ATB AND SEX

FOR SELECTED CANCER SITES
#8 HEHTOHMOIOPYRYA N DARBESE;
FREFE MR U R
Age ATB and Sex .
Age ATB All E:Llig-:i:cept Stomach Lung Thyroid Breast
<10 2.9 047 - 2.1 0.22
10-19 10.3 1.8 0.42 2.3 4.0
20-34 7.6 2.0 1.22 0.33 54
3549 16.0 1.7 0.60 0.28 0.95*
50+ 26.6 0.61 8.31 —0.07 6.0
All age 2.6 1.49 0.87 1.3 3.2
Male 11.7 1.8 1.3 0.65
Female 8.0 1.3 0.53

1.9

*For age 4049, excess deaths/105 PYR is —0.13 (-3.0, 2.8).
0~49E DB AT, BRFEECK /105 PYR 11 —0.13(—3.0, 2.3)TH 3.
Age ATB and Attained Age (Age at Risk) for All Cancer except Leukemia

Attained Age

Age ATB

10-19 20-29 30-39 4049 50-59 60-69 70+
<10 9.4 1.0 34
10-19 -0.81 4.7 18.1 397
20-34 0.19 6.2 6.7 35.1
35-49 17.8 14.1 253
50+ 279 27.8
All age 9.4 0.53 3.8 12.8 119 18.7 26.3

incidence'® during 1950-74 in Hiroshima and
Nagasaki and raises the question of a possible
interaction between radiation and hormonal
status or the formation of stem cells in breast
tissue. Thyroid cancer shows a decrease in excess
incidence with age ATB, presumably because the
natural incidence is high at younger ages. The
excess incidence is higher for males than for
females except for thyroid cancer where the
excess (and natural) incidence is higher for
females.

The Dose-Response Curve. The shape of the
dose-response curve was examined for leukemia,
all cancer except leukemia, cancer of the
stomach, lung, breast, and thyroid, where an
effect of radiation is clear. The functional
relationships fitted to the observations include
the following three simple additive models:

Model 1. Linear in dose [L]. P=a+b; D
Model 2. Quadratic in dose [Q]. P=a+ b, D?

Model 3. Linear-quadratic in dose [L-Q]. P=
a+ by D+ byD?
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TABLE ¢ FIT OF THREE MODELS TO DOSE-RESPONSE CURVE
OF THE INCIDENCE OF SPECIFIC CANCER
#£9 BHEENREEOFRRIGHBIINT S

ZEoNEFLOESE
Coefficients Goodness of Fit
Model
a SD b, 5D b, sh x? ar P
Leukemia
Linear 4.9 14 0.053* .024 4.89 6 56
Quadratic 53 14 00018* 000082 365 6 72
Linear-Quadratic 5.7 1.6 —0.040 .061 00030 00021 3.93 5 56
All Cancer except Lenkemia
Linear 385 13 1.1%* .16 104 6 11
Quadratic 408 12 0024+* 00043 28.1 6 .0001
Linear-Quadratic 380 13 1.5*%* .37 —-0011 00090 8.69 -5 12
Lung
Linear 34 3.7 0.11* 048 7.04 6 32
Quadratic 36 3.6 00027 Sug 00014 9.02 6 17
Linear-Quadratic 33 39 0.13 A1 —.000072 00028 6.93 5 23
Breast
Linear 27 4.5 0.33%% .083 7.57 6 27
Quadratic 32 4.6 00091 ** 00028 13.0 6 .04
Linear-Quadratic 26 4.6 0.41* 18 —.00029 00050 7.44 3 19
Thyroid
Linear 16 2.6 0.14%* .043 3.39 6 76
Quadratic 18 2.6 .00037#%* .00014 6.27 6 39
Linear-Quadiatic 16 2.8 0.15 097 —.000027 00027 3.36 5 64
Stomach
Linear 118 6.9 0.20* .081 5.16 6 52
Quadratic 122 6.5 00038 Sug  .00021 8.45 6 21
Linear-Quadratic 115 7.3 0.36 Sug .19 —.00045 00045 4.13 s 53
Linear P=a+b D, Quadratic P=a+b 21)2, and Linear-Quadratic P=e+b ;D+b 2D2
BEP=a+h,D, ZKMUP=2+b,D2?, BUHRE—_KMHP=a+b,D+b,D?.
Coefficients are scaled by a factor 10° BTS2k - THERERBT 5.
** : by or by significantly different from 0 at 1% level. b, X3 b3 1 BN KBTO L HEIIREL 3.
* ¢ bjorbysignificantly different from 0 at 5% level. b Ri3b 3 5 %O ABETO L HBLEREL 5.
Sug: by or by suggestively different from  at 5% level {.10>P>.03).
Wb b Ridbylt, 5%AMT 0L Rk RE5 (. 10>P>.05).
where P is the cancer incidence for 1959-78, a, AL, PIR1959—TBE BT 2 BBEEE, a, b,

by, ba are fitted constants, and D is the dose
(recall neutrons are negligible). The base popula-
tion was divided into eight dose groups and the
maximum likelihood method was used to
estimate the coefficients a, by, b;.

The goodness of fit of these three models and
the estimated coefficients are shown in Table 9,
and the observed age-sex-adjusted incidence
rates by dose are shown together with the
expected incidence rates calculated under these
three models in Figure 6. The Q model fits
better than the L or L-Q model for lenkemia and
the quadratic term of the L-Q model shows a
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FIGURE 6 OBSERVED AND EXPECTED AVERAGE ANNUAL INCIDENCE OF
SELECTED CANCER SITES, 1959-78
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positive value, though it is not statistically
significant. On the contrary, the Q model does
not fit and the L or L-Q model fit equally for the
incidence data of all cancer except leukemia.
The linear term is significant in the L-Q model,
whereas quadratic term is not significant. Thus,
this strongly suggests that the linear model best
fits for all cancer except leukemia, A similar
tendency was observed for specific cancer sites
(lung, breast, thyroid, and stomach); the Q model
either does not fit (for breast cancer) or fits
poorly than the L or L-Q model and the
quadratic term in the L-Q model does not differ
from zero (the calculated value shows negative
value). These findings should be compared with
the analysis of the fit of these models and gamma
dose response for cancer mortality 1950-78

where the neutron component was also
considered *!7  The results are quite similar in
both instances.

Thus, it seems reasonable to use the linear model
in risk estimation as has been done in the present
analysis, though we cannot, statistically, distin-
guish one model from another among these
three models except for cancer other than
leukemia and breast cancer. In the dissenting
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TABLE 10 ESTIMATED NUMBER OF EXCESS CANCER CASES AND

~ ITSPROPORTION TO ALL CANCER CASES
#£10 BHERAOEREURVZINEEM LY E

RERF TR 6-81

Mortality Study

. Total
Site Excess{10° PYR Excess Pm?;:rtmn Cancer Total
Cases Proportion Cancer
% Deaths
All cancer 10.31 150.5 10.7 1412 4.0 759
* 8.27-12.35 120.7-180.3 8.5-12.8 1.2- 6.8
Leukemia 0.66 9.6 41.7 23 43.2 22
* 0.41- 0.92 6.0- 134 26.1-58.3 27.3-59.5
All cancer except leukemia 9.64 140.7 10.1 1389 2.8 737
* 7.62-11.67 111.3-170.4 8.0-12.3 0.0- 5.7
Stomach 149 21.8 5.4 404 1.4 238
* 0.38- 2.59 5.5-37.8 14- 94 0.0- 6.5
Colon 0.41 6.0 13.3 45 10.5 22
* 0.04- 0.77 0.6-11.2 1.3-24.9 0.0-26.4
Rectum 0.34 50 10.6 47
* -0.03- 0.71 0.0-10.4 0.0-22.1
Pancreas 0.32 4.7 13.1 36
* -0.01- 0.66 0.0- 9.6 0.0-26.7
Lung 0.87 12.7 104 122 1.9 101
* 0.27- 1.48 39216 3.2-17.7 0.1-15.7
Breast 3.30 29.7 37.1 80 12.4 21
* 2.45- 4.16 20.6-34.9 25.843.6 0.0-29.0
Urinary tract 0.53 7.7 24.1 32 22.3 13
* 0.22- 0.84 3.2-12.3 10.0-38.4 0.8-44.6
Prostate 0.50 3.1 10.3 30
* 0.20- 0.81 1.2- 50 4.0-16.7
Thyroid 1.32 19.3 27.2 71
* 0.88- 1.76 12.8-25.7 18.0-36.2
Multiple myeloma 0.38 5.5 344 16
* 0.17-0.60 2.5- 8.8 15.6-55.0
*00% confidence interval 0% EFEM

section in the BEIR III report, Rossi'® stated
that the dose-response curve should be nonlinear
and mortality from all cancer in Nagasaki (1950-
74)° fits a quadratic model best. The present
analysis does not support this. Rather, the data
suggest a linear model (see comments of
Radford!® in the same dissenting section) or at
least a linear-quadratic model which the BEIR
IIl committee used as the basis of risk estimation.

Estimated Excess Cancer Cases. The mean dose
for this cohort of 17,936 is 45.8 rad and the
average person-years of risk is 17.83. The excess
cancer cases have been estimated for each site
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using the excess incidence per 10° PYR based on
these figures and the assumption of a linear
increase with dose. The results are shown in
Table 10.

Excess incidence cases are 11% of the total cancer
cases for all sites combined, 42% for leukemia,
37% for breast, 27% for thyroid, and 34% for
multiple myeloma. These vailues are higher than

M EBMOEECEIC0E PYREADDIBFH
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FERIEFIZRL &
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0, AMBTIT42%, FLECI337%, FREE
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those obtained from mortality statistics® for
breast cancer, but do not differ for leukemia,
colon, lung, and urinary tract cancer.
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APPENDIX TABLE 1 COMPARISON OF ABSOLUTE AND RELATIVE RISKS
OBTAINED FROM TWO EXPOSURE SETS

fF8EE1 "oOBERESBL GBS ERE L ESBRED R
Excess Casesf10° PYR Relative Risk
Site A 5 A B
(100+ vs O rad)  (100+ vs NICH) rad)

Leukemia 0.66 0.65 3.49 3.64
* 0.41- 0.92 0.41- 0.89 ®x 1.47- 7.65 1.52- 8.30

All except leukemia 9.64 10.11 1.70 1.78
* 7.62-11.67 8.18-12.05 ** 1.48- 1.94 1.59- 1.99

Stomach 149 1.50 1.45 143
* 0.38- 2.59 0.44- 2.57 #+ 1.11- 1.89 1.13- 1.76

Lung 0.87 0.84 1.62 1.59
* 0.27- 148 0.25- 1.44 % 109- 2.28 1.07- 2.23

Breast 3.30 3.38 4.01 3.80
* 2.45- 4.16 2.59- 417 ** 2.64- 6.09 2.49- 5.86

Thyroid 1.32 1.43 3.23 5.11
* 0.88- 1.76 1.03- 1.82 ** 2.02- 5.03 3.08- 8.82

*90% confidence interval

90 %645 #EE B

**0-9 rad used instead of 0 rad

Orad O H B2 0~9rad M

A 0, 1-9, 10-49, 50-99, 100-199, 200-299, 300-399, 400+ rad
B NIC & 0 rad combined, 14, 5-18, 20-99, 100-199, 200-299, 300-399, 400+ rad

APPENDIX TAELE 2 PROPORTION OF DOUBTFUL CANCER BY DOSE AND PERIOD

%2 BUHTEXOBORE; SRR UMM

T65 DR in Rad

Certainty NIC
Period of Total 0 19 1049 5099 100+

Diagnosis

No. % No. % No. % No. % No. % No. % No. %

Total Total 1412 100.0 274 100.0 455100.0 262 100.0 107 100.0 314 100.0 404 100.0

Doubtful 178 12.6 40 14.6 58 127 30 115 5 4.7 45 14.3 40 99

Other 1234 §7.4 234 854 397 87.3 232 885 102 953 269 85.7 364 90.1
1959-70 Total 766 100.0 1221000 260100.0 165 100.0 59100.0 160100.0 249 100.0

Doubtful 98 12.8 20 164 30 11.5 23 139 2 34 23 144 21 84

Other 668 87.2 102 83.6 230 88.5 142 86.1 57 96.6 137 85.6 228 916
1971-78 Total 646 100.0 152100.0 195100.0 97 100.0 48 100.0 154 100.0 155100.0

Doubtful 80 12.4 20 132 28 144 7 712 3 63 22 14.3 19 123

Other 566 87.6 132 86.8 167 85.6 90 92.8 45 937 132 857 136 877

Difference among five exposure groups not significant: Total period — x*=8.3, df=4 (P=.08); 1959-70 — x=7.0, df=4
(P=.14); 1971-78 — x*=5.4, df=4 (P=.25}

BE2ORREABHOZIFETLZV.
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APPENDIX TABLE 3 COMPARISON OF AGE AND SEX DISTRIBUTION OF CANCER CASES ASCERTAINED THROUGH

THE TUMOR REGISTRY AND CANCER DEATHS ASCERTAINED THROUGH DEATH CERTIFICATES IN THE MORTALITY STUDY

%3 MEBEBERIL-» TEZShAEEH, RUECHMTTHECBITC & » THE S A LEIBCH O E8 R OHERO L

T635 DR in rad

NIC Unk
Sex Age ATB Total 0 19 1049 50-99 100 +
Death Death Death " Death Death Death Death Death
Reg. Cert. Reg. Cert, Reg. Cert. Reg. Cert. Reg. Cert. Reg. Cert. Reg. Cert. Reg. Cert.

Total Total No. 1799%*1030 263 150 439 264 253 153 103 62 296 130 392 237 53 34
% 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

0-9 No. 51 21 4 3 10 4 7 1 5 0 12 6 9 5 4 2
% 28 20 L5 20 23 15 28 07 49 00 40 46 23 21 176 59

i0-19  No. 267 98 35 11 57 30 28 9 16 7 78 22 47 14 6 5
% 148 95 133 173 13.0 114 111 59 155 113 264 169 120 59 113 147

20-34 No. 386 191 63 34 75 33 48 23 27 15 72 34 87 44 14 8
% 21.5 185 24.0 227 17.1 125 190 15.0 262 242 243 262 222 186 264 2335

35-49  No. 790 513 121 - 78 217 142 119 82 38 31 103 50 169 114 23 16
% 439 498 460 520 494 3538 470 53.6 369 50.0 348 385 431 481 434 47.1

50+ No. 305 207 40 24 BO 55 51 38 17 29 A i3 80 60 6 3
% 17.0 20.1 152 160 18.2 20.8 20.1 248 165 145 105 138 204 253 113 88

x* value (P value)  27.27(.00) 4.01(40) 4.28(37) 7.60(.11) 5.26(.26) = 4.84(30) 9.01(.06) 0.53(97)

Male Total No. 917 565 146 92 194 123 107 71 58 39 16l 89 216 13t 35 20
. % 510 54.9 555 61.3 44.2 46.6 423 464 56.3 629 544 685 55.1 553 66.0 5838

Female Total No. 882 465 117 58 245 141 146 82 45 23 135 41 176 106 18 14
% 49.0 45.1 44.5 38.7 558 534 577 536 437 371 456 315 449 447 340 41.2

x* value (P value) 3.96(.047) 1.33(25) 0.38(54) 0.66(42) 0.69(41) 7.37(007) 0.02(.89) 0.46(.50)

*71 double primary cancer cases were exeluded. TR HEMILE I BIL 2.
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APPENDIX TABLE 4 RELATIVE RISK (100+ vs 0 rad) AND 90% CONFIDENCE INTERVAL
FOR SELECTED CANCER SITES BY METHOD OF ASCERTAINMENT, 1259-78

8% 4 FoE A oF oMM ERE (100+3 0 ~ 9rad ) B U
N%EMEM; FESE HiER, 1950788

0 rad 100+ rad 90 %
Site Ascertainment ) e
o E O/E o E O/E R.R. Confidence Interval

All cancer All methods 274 304.7 090 314 2059 1.53 1.70 1.48- 1.95
Confirmed 186 218.8 0.85 221 148.0 149 176 1.49- 2.07

Mortality study 150 1638 092 130 1105 1.18 1.29 1.05- 1.56

Leukemia® All methods 10 132 0.76 8 3.0 264 349 1.47- 7.65
Confirmed 10 132 076 8 3.0 264 349 1.47- 7.65

Mortality study 10 126 079 8 2.7 296 3.73 1.57- 8.19

All cancer except leukemia  All methods 271 2999 0.90 306 2028 1.51 1.67 1.46- 1.92
Confirmed 183 214.0 0.86 213 145.6 147 1.72 1.46- 2.03

Mortality study 147 159.2 092 122 107.6- 1.13 1.23 1.00- 1.50

Esophagus* All methods 17 176 0.97 5 45 1.11 1.15 0.34- 2.33
Confirmed 10 10.8 0.93 3 29 1.04 112 0.15- 2.74

Mortality study 12 128 094 3 37 081 087 0.11- 2.03

Stomach All methods 80 89.0 090 77 591 130 143 1.11- 1.89
Confirmed 55 579 095 48 388 124 1.30 0.93- 1.80

Mortality study 50 51.8 097 34 351 097 1.00 0.68- 1.43

Colon™ . All methods 21 257 082 9 66 136 1.66 0.75- 3.02
’ Confirmed 13 183 0.71 8 4.7 170 2.3% 1.01- 4.85
Mortality study 11 12.6 087 4 3.0 1.33 1.53 0.36- 3.50

Lung* All methods 70 694 101 29 177 1.63 1.62 1.09- 2.28
Confirmed 44 442 1.00 18 115 1.56 1.57 0.93- 2.40

Mortality study 59 573 1.03 25 148 169 1.64 1.06- 2.37

Bladder & urinary tract”™ All methods 1 18.2 0.6l 8 47 171 2.83 1.19- 6.02
Confirmed 7 14.7 048 8 39 205 4.30 1.78-11.0%

Mortality study 2 74 0.27 3 2.0 1.50 5.5 1.17-8%.74

Breast” All methods 32 461 069 32 115 278 4.01 2.64- 6.09
Confirmed 28 38.6 073 27 9.8 277 3.81 2.42- 5.98

Mortality study 8 121 0.66 5 3.0 1.67 252 0.78- 6.22

Uterus™ All methods 81 756 1.07 19 191 1.00 093 0.57- 1.36
Confirmed 69 629 1.10 13 159 0.82 075 0.40- 1.15

Mortality study 24 213 113 6 54 111 099 0.34- 1.86

*0-9 rad used instead of 0 rad Continued #:<¢ '

Orad O NIZ0— Irad BHER
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100+ rad

0 rad 90 %
Site Sources
o E O/E o B O/E RR. Confidence Interval
Rectum#* Allmethods 23 269 0.86 i1 66 166 194 0.96- 3.39
Confirmed 18 228 0.79 9 58 156 198 0.89- 3.69
Pancieas* All methods 15 20.5 0.73 12 54 221 301 1.52- 5.69
Confirmed 9 12.0 0.75 5 31 164 219 0.68- 5.17
Liver* All methods 29 31.3 093 10 8.4 120 1.29 0.62- 2.21
Confirmed 28 296 095 10 79 127 135 0.64- 2.31
Gallbladder* All methods 17 208 0.82 3 48 0.62 0.96 0.08- 1.6%
Confirmed 15 17.2 0.87 3 42 072 083 0.09- 1.87
Salivary* All methods 5 35 144 0 067 0
Confirmed 5 3.5 144 ¢ 07 0
Qvary* All methods ™ 9 10.5 0.86 1 24 041 048 -023- 147
Confirmed 7 9.3 0.75 1 1.3 080 106 —047- 345
Prostate*® All methods 14 168 0.84 8 45 179 215 0.91- 4.28
Confirmed 12 151 0.79 7 39 179 226 0.89- 4.74
Thyroid* All methods 31 41.0 0.76 24 98 244 3.23 2.02- 5.03
Confirmed 26 358 0.73 22 8.5 259 3.56 2.17- 5.73
Multiple myeloma* All methods 6 9.2 0.65 5 22 230 3.53 1.11- 9.95
Confirmed 4 52 0.76 3 1.1 268 3.51 0.64-13.06
Other lymphatic tissue* All methods 24 19.9 1.20 5 54 093 077 0.22- 1.50
Confirmed 19 159 1.19 5 42 119 099 0.29- 1.99

*0-9 rad used instead of 0 rad
Orad D HHIZ0—9rad PAEH
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APPENDIX TABLE 5 EXCESS CASES PER 108 PYR AND 90% CONFIDENCE INTERVAL FOR
SELECTED CANCER SITES BY METHOD OF ASCERTAINMENT, 1959-78

BRU0%EEEM: FERFER, 1950785

4% 5 HELELOWOL0° PYR L 0 DBERHH

Site Ascertainment Ej‘l"gg“f‘j}f{e S 90% Confidence Interval Cases

All cancer All methods 10.31 8.27-12.35 1412
Confirmed 743 5.70- 9.17 1015

Mortality study 2.08 0.60- 3.55 759

Leukemia All methods 0.66 0.41- 092 23
Confirmed 0.66 041- 092 23

Mortality study 0.65 0.41- 0.90 22

All cancer except leukemia  All methods 9.64 7.62-11.67 1389
Confirmed 6.77 5.05- 8.48 992

Mortality study 1.42 —0.03- 2.87 737

Digestive organs All methods 2.87 1.46- 4.27 655
Confirmed 1.71 0.53- 2.89 457

Mortality study 0.32 —0.83- 1.47 453

Esophagus All methods —0.07 —0.38- 0.23 31
Confirmed ~0.04 ~0.28- 0.20 19

Mortality study -0.07 —0.34- 0.19 23

Stomach All methods 1.49 0.38- 2.59 404
Confirmed 0.65 -0.24- 1.54 262

Mortality study 0.23 —0.60- 1.06 238

Colon All methods 0.41 0.04- 0.77 45
Confirmed 0.38 0.08- 0.69 32

Mortality study 0.16 —0.09- 0.40 22

Lung All methods 0.87 0.27- 148 122
Confirmed 0.65 0.16- 1.14 78

Mortality study 0.55 0.01- 1.09 iol

Urinary tract All methods 0.53 0.22- 0.84 32
Confirmed 0.60 0.32- 0.88 26

Mortality study 0.20 0.01- 0.40 13

Breast All methods 3.30 2.45- 4.16 80
Confirmed 2.57 1.78- 3.36 20

Mortality study 0.31 -0.12- 0.73 21

Uterus All methods 0.09 —1.01- 1.18 132
Confirmed —0.45 —1.45- 0.56 110

Mortality study -0.24 -0.81- 0.33 37

—_—
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Excess Cases

Site Ascertainment n 0% PYR 90% Confidence Interval Cases

Rectum All methods 0.34 ~0.030.71 47
Confirmed 0.20 —0.14-0.55 40

Pancreas All methods 0.32 -0.01-0.66 36
Confirmed 0.03 —0.22-0.28 21

Liver All methods 045 0.04-0.86 55
Confirmed 0.49 0¢.09-0.89 52

Gallbladder All methods -0.11 ~0.43-0.21 36
Confirmed —-0.06 —0.35-0.24 30

Salivary All methods —0.06 —-0.19-0.07 6
Confirmed —0.06 —0.19-0.07 6

Ovary All methods —0.18 —-0.58-0.21 18
Confirmed -0.14 —0.52-0.23 16

Prostate All methods 0.50 0.20-0.81 30
Confirmed 0.50 0.21-0.79 27

Thyroid All methods 132 0.88-1.76 71
. Confirmed 1.31 0.90-1.72 62
Multiple myeloma All methods 0.38 0.17-0.60 16
Confirmed 0.19 0.030.34 9

Other lymphatic tissue All methods 0.00 -0.33-0.33 35
Confirmed 0.11 ~0.19-0.40 28

Cervix All methods —0.06 -1.02-0.20 102
Confirmed -0.50 —1.43-0.42 94
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