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INTRODUCTION
Radiation Leukemogenesis

The leukemogenic effect of ionizing radiation in
man has been demonstrated for occupational
exposure to X-ray on the part of radiologists and
radiologic technicians, for X-ray therapy, for
diagnostic X-ray, and for exposure to the Hiroshima
and Nagasaki atomic bombs.l The experience of
A-bomb survivors provides a unique opportunity to
investigate the nature of the leukemogenic effect of
a single acute exposure to ionizing radiation in
dose-specific terms. The first published report on
leukemia among A-bomb survivors in Japan was
made by Folley, Borges, and Yamawaki in 1952,2
based on material collected at ABCC in Hiroshima
and Nagasaki and at the Hiroshima Red Cross
Hospital. Beginning in 1950, hematologists at
ABCC and collaborating institutions have gradually
developed a leukemia registry thar is believed to be
almost comp lete with respect to cases having their
onset in either city since 1945. Although migration
has materially changed the demographic composition
of the survivors in both cities, a large fixed sample
of survivors and others not in the city ac the time of
the bomb (ATB) is under complete mortality
surveillance ar ABCC and provides a stable frame
of reference for estimating incidence.

There can no longer be any doubt thar ionizing
radiation plays a role in leukemogenesis in man.
The questions thar remain to be answered are: How
is the effect produced? Does the risk depend on
characteristics of the host? Does the risk depend
on the way the dose is administered? What are the
characteristics of the dose-response relationship?
The experience of the survivors is particularly
relevant to the second and last questions.

Leukemia is a rare disease, even among individuals
exposed to large amounts of ionizing radiation. At
present, there are only two experiences that seem
capable of providing a description of the dose
response in man, that of A-bomb survivors, and the
Court Brown and Doll series of 13,352 patients
with ankylosing spondylitis treated by X-ray.3
Greatly  improved dosimetry®3  pow makes it
possible to describe the experience of A-bomb
survivors in dose-specific terms.
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Geographic Comparison of Leukemia Incidence

Official mortality sraristics suggest that mortality
from leukemia has increased in most Western
countries since about 1930.6,7 g Japan a similar
increase has been observed since World War 1.8 1t
is not known how much of the apparent increase
reflects improvement in diagnostic techniques and
greater medical interest, and how much is real.
However, the careful monitoring of leukemia
incidence in the two cities suggests that the wvital
statistics in Japan included about 40% of the true
mortality in the 1950-60 period, and that they
approximate true mortality rates rather closely after
1960. In their comparison of 24 countries during
1962-63, Segi et al? found the age-adjusted death
rate for leukemia in females to be lowest in Japan
and in males next to the lowest in Japan; age-
specific rates for older males and females were
lowest in Japan. Figure 1 provides their compara-
tive data for Japan, USA, and UK. The lower
mortality rate for leukemia in Japan at ages 50 and
older reflects the wvirtual absence of chronic
lymphatic leukemia which contributes so heavily to
mortality at older ages in Western countries.1? [n
Japan the death rate for leukemia varies little
among the prefectures other than Hiroshima and
Nagasaki.

Figure 2 shows the trend of crude death rates
attributed to leukemia for Hiroshima city, Nagasaki
city, and all Japan for the period 1950-65. The
death rates are much larger in Hiroshima and
Nagasaki cities than in all Japan during 1950-G0.
After 1960, however, the rates were lower in
Hiroshima city than in all Japan, but the rates in
Nagasaki were similar to the national rates.

Status of Studies on A-Bomb Survivors

Many reports have appeared on leukemia in A-bomb
survivors since 1952. The chief findings in the
existing literature are:

There is an excess of leukemia among survivors
exposed within 1500 m from the hypocenter in
comparison with those exposed at greater
distances. The excess reached a peak in 1951,
declined thereafter, bur remained above the
natural incidence in Japan as late as 1964. 11,12

The excess of leukemia among survivors
extended to both acute and chronic granulocytic
leukemia and to acute lymphocytic, but chronic
lymphocytic leukemia has not been detected in
those exposed within 3000 m from the hypo-
center in either city. 13
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FIGURE I COMPARISON OF AGE-SPECIFIC DEATH RATE OF LEUKEMIA FOR JAPAN,
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The risk of leukemia is significantly increased
at doses of 50 to 100 rad and above (tentative
1957 dosimetryl4 or T57D). Beyond 100 rad
the relationship between dose and incidence of
leukemia appears to be linear, but below 100 rad
(T57D) the series has been too small to charac-
terize the functional form of the response, 15

At virtually every level of dose (T57D) the
corresponding rate was higher in Nagasaki than
in Hiroshima, a fact which led Brill et all$ o
doubt the T57 dosimetry.

The ratio of acute to chronic leukemia is lower
among the proximally exposed than among the
distally exposed in Hiroshima, but this is not
true for Nagasaki survivors. 8

METHODS AND MATERIALS

The methods used in conducting the ABCC leukemia
program, and in drawing inferences abourt the role of
ionizing radiation, are best considered from the
standpoint of ascertainment of cases, sampling
considerations, and dosimetry. Ascertainment is
achieved by means of the leukemia registry, 10 3
standardized operation for screening all relevant
material in both communities and bringing it under
competent hematologic study in the interests of
differential diagnosis. Sampling considerations
govern the way in which the registered cases may
be used in calculating incidence or other measures
of risk suitable in the investigation of the role of
ionizing radiation and other wvariables. The
dosimetry for the two bombs is a subject of continu-
ing research and current procedures!? (tentative
1965 dose or T65D) for estimating doses to which
individual survivors were exposed are both new and
vield quite different values from T57 doses used
previously at ABCC,

Leukemia Registry

By 1959 the earlier s:.u:wrneysz-lsﬂl8 by hematolo-
gists at ABCC and other institutions in the two
cities had evolved into a registration process that
has been continuously refined, extended, and
strengthened uncil at present the leukemia regiscry
is believed to be essentially complete for leukemia
deaths in either city since 1948.

To screen for leukemia the investigators must
start from a more inclusive list of disorders, and
as the leukemia registry has matured this list has
been greatly extended, ar times necessitating
rescreening of earlier source materials. At present
more than 130 diagnoses and terminologic variants
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The evolution of
and other specific characteristics of the

are used in sScreening cases.
this list,
ascertainment process are described in detail
elsewhere.1?  Although no record was kept of
rejected cases in the early years of the screening
effort, by the end of June 1967, more than 16,000
cases are known to have been reviewed, from which
3439 cases have been registered, 13G(0 of them as
leukemia, 2079 as malignant lymphoma and ‘‘other
related’” disorders. A salient characteristic of the
leukemia registry has been the preservation and
repeated rechecking of source material for screening.

All clinical records and pathology reports at ABCC
are systematically screened, as are all death
certificates filed in both cities and adjacent areas,
published case reports, and all obituary notices
and articles conceming A-bomb survivors that
appear in local newspapers. Since 1957 in
Hiroshima and 1958 in Nagasaki, each city has had
a tmor registry?? to which many local medical
institutions contribute information which is also
screened for inclusion in the leukemia registry.
Finally, in each city there is a pattemn of local
collaboration with the practitioners and medical
institutions of the community, organized by hemato-
logists in each university, that provides a virrually
complete exchange of information on leukemia.

The hematologists are responsible for diagnosis
and documentation, the latter including records of
hematology data, copies of autopsy protocols, etc.
Diagnosis is based on the concurrence of at least
two hematologists, and is guided by standard
criteria. New cases are reviewed by all staff and
consultant hematologists (Finch,
Uchino, Wakisaka) at regular intervals, and most
cases now registered as leukemia have been
reviewed by many hematologists (Finch, Hoshino,
Ichimaru, Itoga, Kawasaki, Nishiyama, Okabe,
Okada, Toyoda, Tsuchimoto and Yamada), both US
and Japanese, over the years. The diagnostic
process includes specification of type of leukemia,
certainty of diagnosis, chronicity, and cerrainty

Tomonaga,

of chronicity.

Based on the availability of histologic material and
clinical information each case of leukemia is
designated as definite, probable, or possible.
Definite and probable leukemia cases are well
enough documented to justify their inclusion in
incidence calculations. In those instances (about
30%) where pathologic records of postmortem
examination were available, the hematologists
reviewed these records also. However, if the
cellular type of leukemia as determined from
adequate peripheral blood or bone marrow smears
differed from the type as determined from pathologic
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material, the evidence of the clinical marterial was
given precedence. Therefore, the present report is
primarily concerned with the diagnosis of leukemia
recorded by ABCC hematologists. The specific
criteria used by the hematologists for the owverall
classification of certainty and type of each indivi-
dual case are, generally, those of Wintrobe.2l For
B80% of the 1360 leukemia cases, peripheral blood
smears or bone marrow smears were available o

reviewing hematologists and 33 of these are
classified as merely *'possible’ cases.

Epidemiologic  studies on  A-bomb  survivors,
especially those concerned with fatal diseases

reliably detected by means of death cerrificates,
benefit greatly from the availability of the JNIH-
ABCC for which mortality
surveillance is essentially 100% complete. For
studies of leukemia this is especially valuable,
the indication is that 95% of the cases of
leukemia detected by postmortem studies will come

mortality sample?2

for
to attention through death certificates.23

The 1360 cases of leukemia at the end of June 1967
are shown in Table 1 by certainty of diagnosis,
exposure status, and city of registry. Approximare-
ly 90% of the rtotal number of cases of leukemia
registered were classified as definite or probable.
Certainty of diagnosis depends essentially upon
availability of medical review materials.  There
tends to be a greater proportion of ‘‘possible’’
cases in survivors than in others in Nagasaki.
However, as a whole the distributions of leukemia
cases hy certainty of diagnosis do not differ

significantly by exposure status or city.

TABLE 1
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REGISTERED LEUKEMIA CASES BY CERTAINTY OF DIAGNOSIS, EXPOSURE STATUS, & CITY

(AS OF 30 JUNE 1967)

1 BOMFEEEM L B OMEIEE, #RIRE, bk OHETR (19674 6 H30H B 1)
Exposure Status BEtiik1E
Certainty of
Diagnosis Total Not=in-City Born afrer A-bomb
R 0-2499 2500-9999
B 023K g it & T WRCGE Aol REEONLE S
No. il & % No. ¥ % No. fiisxr % No. [ ¥ %o No. il # %
HIROSHIMA B
Definite & probable @5HF i 5 & 11 i 5 (:1] 89,2 179 91.8 61 83.6 271 89.1 169 88.9
Possible 3% 70 B2 10.8 16 8.2 12 16.4 33 10.9 21 11.1
Total &t 762 100 195 100 73 100 304 100 190 100
NAGASAKI [iug
Definite & probable (27§ Jo & (F 1P FE % 525 87.8 55  84.6 81 83.5 243 89.3 146 89.0
Possible G 1% 73 12.2 10 15.4 16 16.5 29 10.7 18 11.0
Total & it 598 100 65 100 9 100 272 100 164 100




TABLE 2 DEFINITE & PROBABLE LEUKEMIA CASES BY TYPE, EXPOSURE STATUS, & CITY
(AS OF 30 JUNE 1967)

#=2

BWHEES L CIEIFEELAMBEE O S M AR, #SEBIRE, &L U5

(19674 6 A30H L)

Exposure Status ##IKIE

Type of Leakemia Total
£ 1L 75 00 43 B0 &t 0-2499 m 2500-9999 m g”g“”f}f“’ o B'fr_;“;fgg::,'}?;’"b
No. Wl % No. filke % No. it % No. il & 7 No. {7 %
HIROSHIMA  [R&
Acute Granulocytic FF 250 36.8 45 25.1 25 41.0 114 42,1 66 39.1
B Lymphocytic URREE- 2. 123 18.1 27 15.1 9 14.8 39 14.4 48 28.4
Monocytic Wi B 14 35 5.1 8 4.5 3 4.9 18 6.6 i 3.6
Undifferentinted 5 (L5 36 5.3 10 5.6 4 G.6 -] 3.0 14 8.3
Other ik 25 3 [ 3.4 4 6.6 12 4.4 3 1.8
Unknown T-# 67 9.9 13 7.3 B 13.1 22 8.1 24 14.2
Chronic Granulocytic A 1l P 138 20.3 69 38.5 8 13.1 54 19.9 7 4.1
et Lymphocytic 1 2SERTE 3 R 0 0 ] 0 3 1;1 1] i
Other O 2 o 1 -6 0 0 1 4 0 0
Unknown T4l 1 o1 0 0 0 0 0 0 1 .6
Total &l GBO 100 179 100 6l 100 271 100 169 100
NAGASAKI [ty
Acute Granulocytic i 235  44.8 19 34.5 34 420 117 48.1 65 44,5
B | ymphocytic ) ouoeuigde 108 2006 16 29.1 9 111 28 115 55 37,7
Monocytic WERE 33 6.3 1 1.8 10 12.3 13 5.3 9 6.2
Undifferentinted 4o (L5 14 2.7 2 3.0 & 7. 4 1.6 2 1.4
Other £ @ 32 6.1 2 3.6 4 4.9 25 10.3 1 7
Unknown 2] 19 3.6 2 3.6 4 4.9 [ 25 7 4.8
Chronic Granulocytic B vk 67 12.8 13 23.0 8 9.9 39 16.0 7 4.8
0 Lymphocytic PR <5 15 2.9 00 6 7.4 9 37 0 0
Other £ 1 o 0 ] 0 0 1 4 0 0
Unknown 421 1 il 0 [\} 0 0 1 4 0 0
Total &t 525 100 55 100 81 100 243 100 l4o 100

Table 2 shows the distribution of leukemia cases
by type for those whose certainty of diagnosis was
either definite or probable, by leukemia exposure
status, and city of registry. For both cities, the
granulocytic form is the most common in both acute
and chronic leukemias both in A-bomb survivors
and in the not-in-city group. In both cities acute
leukemia is the predominant type in those born after
August 1945 because of the younger age distribu-
tions. It is remarkable that the proportion of
chronic granulocytic leukemia is much higher in
those exposed within 2500 m from the hypocenters
in Hiroshima than in
lymphocytic leukemia cases were seen in Nagasaki
survivors who were beyond 3000 m from the hypo-

Nagasaki. Six chronic

center, but no cases of this type were seen in
Hiroshima survivors.
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Sampling Considerations

The leukemia registry is essentially complete for
the resident population of the city, but it also
includes an indeterminate proportion of cases from
adjacent communities, and all deaths (wherever they
occur) certified as due to leukemia among the
several ABCC fixed samples under continuing
mortality surveillance.22,24-27

The largest fixed sample ac ABCC for which
information on individual dose is available is the
JNIH-ABCC Life Span Study sample and the reserve
part of the master sample exposed within 2500 m
from the hypocenter.27 This fixed sample is called
the Extended Life Span Study sample and consists
of 82,347 A-bomb survivors.

Members of the ABCC fixed samples and leukemia
cases have been interviewed for history of exposure
status in standard fashion. All such investigation
is carried out by experienced ABCC personnel in
highly standardized fashion; and in a confidential
context. For subjects exposed within 1600 m from
the hypocenter in Hiroshima and exposed within
2200 m from the hypocenter in Nagasaki a shielding
history is also obtained as the basis for dose
calculation.

Air-dose curves have recently been reestimated by
Auxier et al% and generally confirmed by Hashizume
et allB using entirely different methods. Milton
and Shohojil7 using the methodology developed by
Oak Ridge National Laboratory calculated indivi-
dual dose estimates in the ABCC fixed samples.
For those exposed within 1600 m in Hiroshima or
2000 m in Nagasaki the dose was estimated
together with the air dose and the shielding
configuracion. For individuals exposed beyond
1600 m in Hiroshima or 2000 m in Nagasaki, the
air dose is used directly. The Hiroshima and
Nagasaki weapons differed as to construction, and
as a result the ratios of gamma to neutron dose to
the survivors were very different in the two cities.
In Nagasaki, the neutron doses were very small
indeed and the neutron dose falls off more quickly
with distance than does the gamma dose. We can
consider that the radiation received by the Nagasaki
survivors was essentially gamma radiation. How-
ever, in Hiroshima, neutrons were relatively more
important than in Nagasaki. The ratio of gamma to
neutron dose varied from about 3 to 5 in Hiroshima
at the distances of interest, thar is, 800 to 1400 m.
Beyond 2500 m from the hypocenters total dose was
3 rad at a maximum in Nagasaki and much less than
1 rad in Hiroshima. [t was, in fact, less than 1 rad
for almost all survivors exposed beyond 2500 m
from the hypocenters in both cities. The doses
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discussed here are estimated external doses to the
survivors; current methods of dosimetry do not yet
provide for estimates of A-bomb dose to the bone
marrow, gonads, or other sites.

For A-bomb survivors the estimated dose of
ionizing radiation from the A-bomb is taken as the
independent variable, bur in fact some few indivi-
duals received significant amounts of ionizing
radiation from exposure to medical X-ray, especial-
ly fluoroscopy, and many survivors whose dose
from the bombs was negligible have received more
radiation from than the A-bomb.
Sawada et al?? have shown that the frequency of
medical X-ray received by survivers is unrelated to
the distance of exposure, but is generally higher
than for those who were not in the city ATB. In
the cases reported here hematologic investigation

sources other

for inclusion in the leukemia registry included no

special  search for information on exposure to

medical X-ray.
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TABLE 3 MASTER SAMPLE BY EXPOSURE STATUS & COMPONENT, HIROSHIMA & NAGASAKI

$£3 FAPAOH R EURE S X URRE B, RS - R
Exposure Status 5 Be ke
Master Sample Classification Total .
3 A A R 5 it 0-2499 m 25009999 m  0-9999 m _ Norin-City
itz rale g
Toral &t 163767 54337 02631 116968 46799
Life Span Study a7 0 99385 44804 28010 72814 26571
Reserve parc 1" fii §F 37583 0533* 10972 20505 17078
Eligible but not selecred 26799 0 23649 23649 3ls0

HEEThHENRREN G b1 E

“Extended part of Life Span Study sample. 95 i B4l b o

Table 3 shows the total number of subjects in the
master sample by exposure status and component of
sample classification. The master sample consists
of 116,968 A-bomb survivers in
which is the largest number of A-bomb survivors in
any ABCC fixed cohort. Mortality information is
complete on 108,918 persons in the Extended Life
Span Study sample and about 85% complete on the
remaining 54,849 subjects in the master sample.
There are about 34,600 A-bomb survivors in this
category all of whom were exposed between 2500-
9999 m from the hypocenters. There is no problem
about dosimetry for those beyond 2000 m from the
hypocenter Hiroshima and 2500 m from the
hypocenter Nagasaki, because all
34,600 subjects received negligible doses.

the two cities,

in

in almost

In the use of all A-bomb survivors in the master
uncertainty:  The possible
incompleteness in mortality surveillance of the
34,600 subjects exposed between 2500-9999 m. The

sample there is one

T

£ 302, HoREIATO o B M R MR S K U
FUGEBIIR L A EARBEACE, Mo E
116,968 AAE TR TH D, EAH S A O M3 ABCC (C
B ABEI L= Forehib ks, Bt
v 5 108,018 A st B Eo> 0T, LD
GHimsliRnshTtud, BAEAGOMRD 54,849 )
o Tk, EEOMHES%MIERLsNATLY, 2

1= 13 34, 600 A O TLARMEBE 55 2700 B A%, O 4L A
Ll 20 5 2500—9999m THAR L T v d. 2@ 34, 60040
FLAFIGHBBNABRTEIRETH2OT, LG
TG HE A 5 2000m L, 1905 T E2500m Vv o i E @)
iz oo TIRMRHE G o

EAERh OGRS A AT Z SR A%ESE
B U MA b 5. Z N1E2500—9999m THME L 2B

I
e

=
bl
<

M, G0N TREDIHERYN LR ETH S



estimate
from all

of 85% ascertainment applies to death
causes. However, almost all of the
leukemia in both cities eventually finds its way
the leukemia registry, so that in fact the
ascertainment of lenkemia mortality must be more
than 90% complete.

into

The availability of T65 doses for the A-bomb
survivors in the master sample used here are shown
by distance in Table 4. The percenrage of survivors
whom doses are not calculated are 2% in
Hiroshima and 6% in Nagasaki. However, this
percentage is very dependent upon proximity to the
hypocenter. Most persons for whom dose estimates
have not yet been calculated had heavy shielding
for which no method of estimating the radiation

for

dose has yet been developed. For those exposed
within 1000 m from the hypocenter, the dose esti-
mates are available for 67% in Hiroshima and 44%
in Nagasaki. At 1000 m from the hypocenter the
air dose (gamma + neutron) is believed to have been
about 450 rad in Hiroshima, 925 rad in Nagasaki.‘“
Hence most survivors at this distance or closer
ATB must have been heavily shielded. For those
exposed between 1000-1999 m from the hypocenter,
the dose estimates are available for 94% in
Hiroshima and 78% in Nagasaki. For those exposed
within 2500 m from the hypocenter, estimated doses
are available for 95% in Hiroshima and B86% in
Nagasaki. These differences are mainly due to
differences in shielding by city. There is evidence
that the individuals exposed within 1500 m from
the hypocenters were more often heavy shielded in
Nagasaki than in Hiroshima.l3

Table 5 shows 149 leukemia cases among A-bomb
survivors in the master sample by availability of
tentative (5 dose in relation to distance and ciry.
2500 m from che
hypocenter, the estimated doses are available for
93% in Hiroshima and 82% in Nagasaki, respective-
ly. These proportions of dose availability by city
are similar to the dara for the subjects in the
master sample who were exposed under 2500 m
from the hypocenter.

Among those exposed under

If 11 cases whose dose has not been estimated are
set aside, the total available for analysis of dose
the master sample of
However, it

response relationship in
A-bomb survivors becomes 138 cases.
has been recommendedl® that possible leukemia
cases should be excluded from calculation of
incidence rates, because they consist of cases for
whom there is only death certificate information, or
those with inadequate clinical information and for
whom either no peripheral blood smears are availa-
ble or, if available, are inadequate for diagnosis.
Other limitations are: the koseki check for mortality
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TABLE 4 AVAILABILITY OF T65 DOSE FOR A-BOMB SURVIVORS IN THE MASTER SAMPLE BY DISTANCE
FROM HYPOCENTER & CITY (AS OF 30 JUNE 1967)

#d BAFEFRORBESRE CHET S TEOHRRBMEEOH B HREMS & M (19674 6 A30H )
Distance # k8 gk
TGS Dose Toral

T 68 it g 0-999 m 1000-1999 m 2000-2499 m 2500-9999 m
No. {5 7 No. Yo No. ffil¥ % Neo. it @ No. fil 4 %

HIROSHIMA [E&
Total 58 85210 100 1118 100 25071 100 14541 100 44480 100
Available & 83305 97.8 743 606.5 23550 94.0 14532 99.9 44474 100
Not estimated % 1905 2.2 375 33.5 1515 6.0 9 a1 6 0

NAGASAKI s
Towal #£8 31758 100 477 100 7183 1oo 5947 100 18151 100
Available H 298064 94.0 210 44.0 5592 77.9 5913 99.4 18149 100
Not estimated [ 1894 6.0 267 56.0 1591 20 34 .6 2 0

TABLE 5 AVAILABILITY OF T65 DOSE FOR LEUKEMIA CASES IN A-BOMB
SURVIVORS IN THE MASTER SAMPLE BY DISTANCE FROM HYPOCENTER
& CITY (AS OF 30 JUNE 1967)

#5 RFEHEAPORBRHEBREOQMBH BT S TOHRRHEEDH 5.
PEARIRME S K OB (19674 6 A30H B 1)
Distance Total 163 Dotz ToRR
R g e it Available Not available
t 103
No il % No {#l & ] No. {# & %
HIROSHIMA L1

0- 999 m 20 16 4
1000-1999 58 56 2
2000-2499 5 5 0

0-2499 B3 100 77 92.6 6 7.2
2500-9999 25 100 25 100 0 1]}
Total # 108 100 102 94,4 6 5.6

NAGASAKI Eaf

0- 999 m 4 1 3
1000-1999 21 19 2
2000-2499 2 2 L]

0-2499 27 100 22 81.5 5 18.5
2500-9999 14 100 14 100 1]
Toral # 1T 41 100 36 87.8 5 1Z.2

ascertainment was finished in June 1967, and is
presumably complete only deaths prior to
October 1966; and the master sample of A-bomb
selecred the city
Hiroshima and Nagasaki of

for

survivors was from resident

population  in
1 October 1950.

as
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Table 6 shows the number of leukemia cases whose
T65 doses are available by certainty of diagnosis,
time of onset, and city. There is a small dif-
ference in the proportion of definite or probable
leukemia cases by city. If in addition to the cases
whose dose has not yet been estimated, 11 possible
leukemia and one case occurring after
September 1966 are set aside, the total available
for analysis of dose response relationship in the
master sample of A-bomb survivors finally becomes
126 in the largest fixed sample of A-bomb survivors
at ABCC. However, of these 126 cases, 9 definite
and probable leukemia cases had already developed
the disease as of 1 October 1950. Thus, only 117
definite and probable leukemia cases are available

cases

for calculation of incidence rates for the study of
the dose response relationship.
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TABLE 6 CERTAINTY OF DIAGNOSIS FOR LEU KEMIA CASES OF A-BOMB SURVIVORS
IN THE MASTER SAMPLE WHOSE T65 TOTAL DOSES ARE AVAILABLE BY YEAR OF
ONSET & CITY (AS OF 30 JUNE 1967)
6 EAMAROEBRERECSTLAMLKBHO S 5 THBEROKA AT L2
OB OMEFERE: BHTEESL EUFTHN (19674 6 A30H B 7))

Onset
FEA O HE

Cerntainty of Diagnosis 23 i o) 4 0 ¢
Defini
Total ;fr(iﬁ;‘tﬁf‘ Passible

B iR kO @R BN TR

HIROSHIMA £ k)

Aug. 1945-Sepr. 1950 1945 8 H—1950/F 9 A T 7 0
Oct. 1950-Sept. 1966 1950410 —1966% 915 93 88 5
Oct. 1966-June 1967  1966{E10H — 1967/ 6 H 1 1 0
Unknown T+8§ 1 0 1
Total &t 102 9 6
% 100 94.1 5.9
NAGASAKI i
Aug. 1945-5ept. 1950 1945fE 8 | —1950#£ 9 A 2 2 0
Oct. 1950-Sept. 1966 19504108 —1966'F 9 H 33 29 4
Oct. 1966-June 19567 1966710 — 19674 6 0 0
Unknown 730 1 1
Total %t 36 31 5
7o 100 B6.1 13.9

Table 7 shows a summary of the counts of register-
ed cases of leukemia in relation to the master
sample, residence at onset and exposure status; of
the 1360 cases of leukemia, only 430 were among
A-bomb survivors, of whom 260 were exposed
within 2500 m from the hypocenter. There were 251
cases from the resident city population of A-bomb
survivors. Restricting attention to survivors within
2500.m, 152 cases occurred among the resident city
population. In contrast, only 110 cases occurred
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TABLE 7 RELATION BETWEEN LEUKEMIA REGISTRY & ALTERNATIVE SAMPLES
USEFUL IN ANALYSIS, BY EXPOSURE STATUS, HIROSHIMA & NAGASAKI
(AS OF 30 JUNE 1967)

#7 HMBEESEEN BT CRHTE 24 > T b OME: BEBRKEN, LS - B

(19677 6 HI0H B 1)
o Sampllc‘ Clasiification
Exposure Status it Gosie [)ie‘.fam:c o ? el

LG y i i Total Master Sample Other
EAIEO B L it ke A FOM

Survivor In city 0-2499 m 152 100 52

R i 2500-9999 99 33 66

Qut of city 0-2499 108 10 98

iti it 2500-9999 71 6 65

Total < Ff 430 149 281

Notin city iV Ed 958 criienivrieiernennne 576 25 551

Born after A-bomb FHBHEOEEE . 354 - 354

Total FER  cenernnenTrss e R R 1360 174 1186

among members of the master sample. Evidendly, it
would have been desirable to use the larger number
of cases in the resident city population in the study
of radiation effects. However, despite much work,
using the 1960 Atomic Bomb Survivors Acrual State
Survey, it was not possible to obtain sufficiently
accurate estimates of the distributions of distance
from the hypocenters for the resident city popula-
tions over a 20-year period. [t was therefore
necessary to restrict incidence and period preva-
lence calculations to the cases in the master
sample.

RESULTS

In Table 8 and Figure 3 the l6-vear period preva-
lence rate and the annual incidence of definite and
probable leukemia of all forms are shown by TGS
dose for A-bomb survivors in the master sample
between 1 October 1950-30 September 1966. The
rates shown are crude, being adjusted neither for
sex nor age ATB. When the T65 dose-response
curves for the master sample are compared with
those of Brill et al for TS7 dosimetry, changes in
the dosimetry reverse the positions of the two
cities, especially in the high dose region and also
in the low dose region. Brill et all3 reported thart,
when gamma rad and neutron rad were combined
1:1 to approximate the total dose, 1 rad of T57
total dose seemed to produce more leukemia in
Nagasaki than in Hiroshima. Jablon et al30 showed
that this was also true of the acute radiation
symptoms experienced in 1945,  Therefore, they
questioned the certainty of the T57 dosimetry.
Analysis of the dose-response curves according to
the T65 dosimetry shows a reversed picture as
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TABLE 8 PERIOD PREVALENCE & INCIDENCE OF DEFINITE & PROBABLE LEUKEMIA (ALL FORMS) AMONG
A-BOMB SURVIVORS IN THE MASTER SAMPLE BY T65 TOTAL DOSE, & CITY (OCTOBER 1950-SEPTEMBER 1966)

#8 HAEADOFEBEMEIIHTLBMHEL L CITTHE L QMFEH (Tt o) DI RES &
USEHE: TOSHMIES L BT (19504108 — 19664 9 A )

Median T65 Dese

Period Prevalence of Leukemia Cases

Person-years Incidence of Leukemia

T65 Toral T 65 #: fit e 4o i1 o M 1 o ORI 7 5 5 3(‘15;56‘; ERIE R Sk
Daose Gamma Neutron Total Subjects Leukemia Prevalence oE A Cases  Annual Incidence
TE®EAR s BEFEm 6 dRHAN Lases  CeALe/ 1000 : fAl £ rate/100,000
U g 1000057 0 g (TO00ARID) 1000A 2 7= 1 EE I 3
HIROSHIMA 1%
300+ rad 323 112 427 825 18 21.82 12.1 17 140.5
200 - 299 185 49 241 606 5 8.25 9.0 5 55.6
100 - 199 105 2 131 1652 11 6.66 24,1 10 41.5
50 95 56 13 68 2611 B 3.06 38.3 7 18.3
20 - 49 26 5 30 4555 15 3.29 67.0 14 20.9
5= 19 8 2 10 10541 9 B3 156.0 8 5.1
<5 0 0 62515 29 A6 915.1 27 3.0
Total 77t - 5 - 83305 95 1.14 1222.7 88 Tl
NAGASAKI £Wi
300+ rad 417 7 427 566 7 12.37 8.4 [ 714
200 - 299 238 3 240 693 G 8.606 10.4 6 i
100 - 199 145 2 146 1174 L 2.56 17.7 3 16.9
§0-- 99 69 0 69 1173 v} 0 17.6 0 0
20 - 49 31 0 31 1354 0 1] 20,0 0 0
5- 19 3 0 10 4501 2 44 66.3 2 3.0
A 4] 0 0 20403 13 64 297.2 12 4.0
Total &t - - & 29864 31 1.04 437.6 29 6.0

compared with the T57 doses. That is, 1 rad of
T65 dose produces more leukemia in Hiroshima
than in Nagasaki. This is mainly due to the fact
that the gamma radiation air-dose
Hiroshima is lower in the T65 dosimetry than in the
T57 dosimerry. The rates given in Table B for
those e xposed to less than 5 rad in each city, seem
reasonably consistent with experience elsewhere in
Japan, if allowance is made for the intensity with
which leukemia is sought in these cities. It is
evident that the rates increase sharply with dose in
both cities. [t also appears that the rates were
higher in Hiroshima than in Nagasaki, at almost
every level of dose, except for those who received
Moreover, the rates
increasing dose in

curve for

negligible doses of radiation.
increase more steeply with
Hiroshima than in Nagasaki.

For both cities the relationship of leukemia (all
forms) tocal dose may be asserted
without the formalities of statistical testing, but
descriprion of the relationship in functional terms
is discouraged by the marked difference between
the Although the dose response for

to radiation

two cities.
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FIGURE 3 ANNUAL INCIDENCE RATE/100,000 FOR DEFINITE & PROBABLE LEUKEMIA (ALL FORMS) AMONG
A-BOMB SURVIVORS IN THE MASTER SAMPLE BY T65 TOTAL DOSE & CITY (OCTOBER 1950-SEPTEMBER 1966)
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Hiroshima looks reasonably linear throughout, the
smaller Nagasaki experience is subject o much
more sampling variation and the form of the relation-
ship to dose is unclear. In Hiroshima,
incidence increases approximately three cases per
106 papulation per year per rad.

leukemia

An even more notable feature of the Hiroshima
experience is that statements may now be made
about the dose-response curve below 100 rad: The
risk of leukemia is quite significantly elevared in
those exposed to 20-50 rad using the simple sum of
neutron and gamma dose.

For computational convenience, subsequent
analyses have been made by comparing observed
incidence with expected leukemia cases of all
forms, during 1 October 1950-30 September 1966,
caleulated with adjustments for age ATB, sex, and
year of onset. This method of calculation leads to
the data of Table 9 in terms of relative risk using
those with less than 5 rad as a standard. It is
obvious that the dose—response relation for all
leukemia differs significantly by city.

15

SR A REEER A h e, TELZEBINTS
LA, EWOBEIRABS DL, PR En®
s kzvoT, SELREFELOMEORIHS D
whv. BBTE, AnEOERMEEE T rad B0
1,000,000 K 122 83 FHRIML TV 5.

RO DOLWTHEST~E DL, HAETIHI00rad
LT ol & B EE o ME 22u T Ol ATz 5
FolThBH: PETFEY iR EOEMEH RNV
P8 G, 20-50rad R HTE, ARFBOrisk FH

BizERLTWA.

HHEOME L, Dlitho8iF T, 19508108 1 HA25
19664F 9 H30H £ ClcbH a3 <TOROAMBIZ2WT
OBEH LR ER, M, X UBHEEEAMELT
HELAMEEEReFRBLE COREECILEST
5 rad i B AL | TR 2 relative risk & &
glzmlA, TATOROAMMEIHE 25 R L ERE
LOMEEATIIEELEROSS ILIEMALTHS.



TABLE ? OBSERVED & EXPECTED CASES OF DEFINITE & PROBABLE LEUKEMIA (ALL FORMS)

AMONG A-BOMB SURVIVORS IN THE MASTER SAMPLE BY T65 TOTAL DOSE & CITY
(OCTOBER 1950-SEPTEMBER 1966)

#9 HAFEADTOERBIRE CHT IR ES L CILITHEL BME (FXTOBY) o B%H
Bl Rt TESHESE B & U sin (1950+F10H — 19684 9 H )
Incidence of Leukemia
T65 Toral Dose AMED R EF Ratio O/E Relative Risk
T 6578 41 fit Observed Expected i A SEA L
W2 (A B U 7
HIROSHIMA 158
300+ rad 17 90 18.89 46.1
200 - 299 5 67 7.46 18.2
100 - 199 10 1.80 5.56 13.6
100+ 32 3.37 9.50 23.2
50 - 99 7 2.82 2.48 6.0
20 - 49 14 4.86 2.88 7.0
5= 19 & 11,28 0.71 1:7
5-99 29 18.96 1.53 3.7
<3 27 65.67 0.41 1.0
Total it 88 88.00 1.00 -
NAGASAKI £
300+ rad [ .39 1917 16.7
200 - 299 6 .74 8.11 13.3
100 - 199 | 1.22 2.46 4.0
100+ 15 2.55 5.88 9.6
50 - 99 0 1.19 0 0
20 - 49 1] 1.40 0 0
5- 19 s 4.24 A7 8
5-99 2 6.83 .29 9
<5 12 19.62 .61 1.0
Tetal {7l 29 29.00 1.00 .

Expected values are calculated with adjustments for age ATB, sex, & year of onset.
T 2t WUHRNETEMG, ML ORHEMLMITEL THEL .

The difference between the observed experience in
the two cities, may reflect either difference in the
kind of radiation received (largely gamma in
Nagasaki and mixed gamma
Hiroshima) or

and neutrons in
errors in the dosimetry, or other
differences berween the population of the two
cities. Errors In dosimetry cannot be entirely
excluded even at this late date, since no bombs
equivalent to the Hiroshima weapon have been
fired to our knowledge, but bombs equivalent to
that of Nagasaki have been tested and measure-
ments made. However, the air-dose curves of
Auxier et al® used for T65 dosimetry have been
verified by Hashizume et al.?®  A¢ this time,
therefore, it seems quite possible that the dif-
ferences between cities reflect the quality of the
radiation received.
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It remains to examine in turn the role of age ATB,
sex, and interval from exposure to onset of leukemia,
in the relationship between radiation and incidence
of leukemia and to provide some additional detail
by specific type of leukemia.

In Table 10, the annual incidence rates are shown
by T65 dose, sex and city, and in Table 11, the
observed numbers of cases are compared with the
expected values by sex, after adjustment for age
ATB and vear of onset.  Although the small
numbers of observed and expected cases by dose
limit the power of the comparison, in both cities
there is a suggestion that the leukemogenic effect
is stronger in males than in females: The relative
risk is greater in males than in females especially
in the high dose region. Age has a marked effect
on the relationship, as may be seen in Tables 12
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TABLE 10 AVERAGE ANNUAL INCIDENCE OF DEFINITE & PROBABLE LEUKEMIA (ALL FORMS) AMONG A-BOMB
SURVIVORS IN THE MASTER SAMPLE BY T65 TOTAL DOSE, SEX, & CITY (OCTOBER 1950-SEPTEMBER 1966)
$510 A A O TR H (20 1T B BT b & CIEAEHESE 2 0 (ST O R ) o R IR R SR

Tesht, 1%, HXUAHH (1950F10H —19665- 9 )

Male B Female &
T6S Total
Dose 2 Person-years Annuzal , Person-years Annual
T 65 & 4 it Mff:sl:“ at risk Observed Incidence i\'};:;:" ar risk Observed [ncidence
b S R R U
WIE A i [ 5 4 A e I g
(1000 A 44 ) (10F AL 2N) (1000 A HLAL) (1077 A%z
HIROSHIMA 155
300 + rad 440 5.34 11 412 6.79 [ B88.4
200 - 299 242 373 “ 240 5.29 1 18.9
100 - 199 133 9.95 3 134 14.14 7 49.5
100+ 188 19,02 18 94.6 186 26.22 14 533.4
50- 99 68 14.09 68 24.26 6 24.7
20 - 49 31 25,00 9 30 41.99 5 11.9
§=: 19 10 64.85 12 91.26 3 3.3
5-99 16 103.94. 15 14.4 17 157.51 14 8.9
<5 0 380.98 12 0 534.14 15 2.8
Total - 503.94 45 - 717.87 43 6.0
NAGASAKI [e#f
300 + rad 433 3.78 5 417 4.63 1 21.06
200 - 299 242 5.06 4 237 3.39 7 37.1
100 - 199 144 7.94 3 146 9.76 0 0
100 + 206 16.78 12 71.5 201 19.78 3 15.2
50- 99 70 7.50 0 68 10,10 0 0
20- 49 32 9.02 0 30 10.96 0 0
5- 19 9 26.08 1 9 40,21 1 2.5
5-99 15 42.60 1 2.3 14 61.27 1 1.6
<3 0 121.88 7 4 175.36 5 2.9
Total &7 - 181.26 20 = 256,41 9 3.5

Age not standardized. FROBBERTE-Tg0



TABLE 11 OBSERVED & EXPECTED CASES OF DEFINITE & PROBABLE LEUKEMIA (ALL FORMS) AMONG
A-BOMB SURVIVORS IN THE MASTER SAMPL E BY T65 TOTAL DOSE, SEX, & CITY (OCTOBER 1950-SEPTEMBER 1966)

#11 EAFRTOERMEE S SBHMES LCIREHEEZALK (T TORY) OBBHHs £
MATEDI . TO5#E4R AL, M, & L UEBHIAI (19509103 — 19664 9 A )
T6S Total Male H Female &
Dose -
T 65 8 # 6t Obsecrved  Expected  O/E R;ﬁ'}:w Observed  Expected  O/E R;]ias‘;"
R % R 8 i 75 1) 4 ¥ cenmgsi WEMS N 22 S ona
HIROSHIMA 5
300+ rad 11 .51 21.57 60.8 6 .39 15.38 32,7
200 - 299 4 .35 11.43 319 1 31 323 6.9
100 - 199 3 .97 7.46 8.8 7 .84 8.33 17.7
100+ 18 1.83 9.84 28.1 14 1.54 9.09 19.3
50- 99 1 1.31 .76 2.1 6 1,50 4,00 8.5
20 - 49 9 2.28 3.95 11.1 3 2.59 1.93 4.1
= 12 3 5.77 .87 2.4 3 5.51 54 1.2
5-09 15 9.36 1.60 4.6 14 9.60 1.46 3.1
<5 12 33.81 .35 1.0 15 31.86 .47 1.0
Total it 45 45.0 1.0 - 43 43,00 1.0 -
NAGASAKI [edf
300+ rad 5 .42 11.90 22,9 1 .16 6.25 7.7
200 - 299 4 .55 7.27 14.0 2 19 10.53 13.0
100 - 199 3 .87 3.45 6.6 0 .34 0 0
100+ 12 1.84 6.52 12.5 3 .69 4.35 5.4
50 - 99 0 .83 0 0 0 .36 0
20 - 49 0 1,02 0 0 0 39 0
5« 19 2.84 .35 o7 1 1.40 W71 9
5-99 1 4.69 21 4 1 2.15 A7 .6
<5 7 13.46 .52 Lo 5 6.16 .81 1.0
Total {rif 20 19,99 1,0 - 9 9.00 1.0 -

Expected values are calculaled with adjustments for age ATB, sex, & year of onset.

Wik g0, ORI RS b e U R IE S BE L TEOE L A

and 13 in Hiroshima, where the age effect achieves
high significance, the leukemic response is notably
those 40 years or older ATB. In
Nagasaki the relationship cannot be precisely
specified because of small numbers, but the
tendency is similar to the Hiroshima experience.

smaller in

When the analysis of Table 8 and 9 is extended to
acute leukemia and to chronic leukemia in Tables
14 and 15, small numbers limit the certainty of
inference but the difference berween
greatly clarified. Tt is the incidence of chronic
leukemia in the high dose region and of both acute
and chronic forms in the low dose region (less than
100 rad cotal dose) that distinguishes the two
cities, when incidence is studied in relation to
TGS total dose formed directly as gamma + neutron
rad (Figure 4). Moreover, when the rates for those
who received less than 5 rad are examined, the two
cities are fairly homogeneous.

cities is
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TABLE 12 AVERAGE ANNUAL INCIDENCE OF DEFINITE & PROBABLE LEUKEMIA (ALL FORMS) AMONG A-BOMB
SURVIVORS IN THE MASTER SAMPLE BY T65 TOTAL DOSE, AGE ATB, & CITY (OCTOBER 1%46-SEPTEMBER 1965
#£12 HAEEEDOFREBEICE TS BIIMES X CIREHES QLK (TSTORY) O FHIERMBES: T6S

AR, BUEEEEMS, d kORI (1946#E10H — 19654 9 H )

Hiroshima &M

Nagasaki &

T65 Toral
']'6?;;;.111 M]ggis‘ln Per:?r;i:iﬂrs Observed In:ily:sl:;;lr: M[e}i;i." PE;TU;;;}]':HFb Observed In‘z?;;;]:e
oaa 00 mgpy /100,000 g8 L0 muema /100,000
o 7MY T A
(1000 A L4 | S ff 28 1 1 (1000 A Hifi) o e
AGE ATB R Fd <15 AGE ATB BT FM <15
300 + rad 399 3.09 5 161.8 445 2.72 3 1103
200 - 299 243 2,24 0 0 239 3.07 3 o
100 - 199 131 5.71 4 70.1 146 5.78 1 17.3
100 + 194 11.04 9 81.5 200 11.57 i 60.5
50 - 99 68 D.78 1 10,2 1 6.22 a 0
20= 49 29 19,06 4 21.0 32 7.88 0 0
5- 19 10 47.81 2 4.2 9 29,34 1 3.4
5-99 16 76.65 7 9.1 14 43.44 1 2.3
<5 U] 310.64 [ 1.9 1] 121.89 3 Ry
Total i it . 398,33 22 5.5 = 176.90 11 6.2
AGE ATB BIRIFTEM 15-39 AGE ATB RHAwEM 15+
300 + rad 442 5.80 8 1379 416 5.68 3 52.8
200 - 299 244 4,16 72.1 239 7.38 3 40.7
100 - 199 135 10.81 4 37.0 145 11.91 2 16.8
100 + 192 20.77 15 72.2 205 24.97 8 32.0
50- 99 69 15.76 4 25.4 70 11.39 0 0
20~ 49 32 26.60 5 18.8 30 12.10 0 0
5= 19 11 61,88 1 1.6 9 36.94 1 2.7
5-99 17 104.24 10 9.6 17 60,43 1 1.7
<5 0 358.47 4 1.1 0 175.35 9 5.1
Total 7l - 483.48 29 6.0 - 260,75 18 6.9
AGE ATB FORFF M 40+
300 + rad 427 3.24 4 123.5
200 - 299 235 2,62 2 76.4
100 - 199 135 7.37 2 26.4
100 + 177 13.43 8 59.6
50- 99 68 12,81 2 15.6
20- 49 30 21.34 5 23.4
5= 19 11 46.42 5 10.8
5-99 17 80,57 12 14.9
<5 0 246.01 17 6.9
Total & it - 340.01 37 10,9

Sex not standardized. TEOFMLE T2 ->Twvaw
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TABLE 13 OBSERVED & EXPECTED CASES OF DEFINITE & PROBABLE LEUKEMIA AMONG A-BOMB SURVIVORS
IN THE MASTER SAMPLE BY T65 TOTAL DOSE, AGE ATB, & CITY (OCTOBER 1950-SEPTEMBER 1966)

F13 EAEEADPOGRERE L IBIHEE S & CITIFHEZ AMAEO BRER e & UM

T 65 fE a5t

I BT 4

, B R UAATA (19504 10H — 19664 9 H)

Te5 Total Hiroshima [L M8 Nagasaki JEug
AGE ATB  pose ; .
I R T 60 AR AR L Observed  Expected 0/E R;liﬁ;;ve Observed Expected 0/E R;lias(;ve
R LHIES 1 .4 R A s Wi L .2 18 4 9 28 4 o e
<13 300+ rad 5 a7 29.41 84.0 3 A7 17.65 5.3
200 - 299 0 12 ] 0 3 .18 l16.67 42.7
100 - 199 4 31 12.90 36.9 1 35 2.86 7.3
100+ 9 .60 15.00 42.9 T g0 10.00 25.6
50= 99 1 V54 1.85 5.3 o 38 0 0
20 - 49 4 1.05 3.81 10.9 [} .48 0 0
5= 19 2 2.66 T 2:1 3 1.80 .56 1.4
5-99 7 4.25 1.65 4.7 1 2.66 .38 1.0
<5 6] 1715 .35 1.0 3 7.63 .39 1.0
Total b 22 22.00 1.00 - 11 10.99 100 -
15 -39 300+ rad -3 38 21.05 116.9
200 - 299 b 26 11.54 64.1
100 - 199 4 <06 6.06 33.7
100 + 15 1.30 11.54 64.1
50- 99 4 .90 4.44 24.7
20 - 49 5 1.53 .27 18.2
5= 19 1 3.60 .28 1.6
5-99 10 6.03 1.66 9.2
<35 4 21.67 .18 1.0
Total it 29 29.00 L.00 -
15 -+ 300+ rad 3 42 7.14 95
200 - 299 3 .56 536 7.1
100 - 199 2 .87 2,30 3.1
100 + 8 1.85 4.32 5.8
50 - 99 0 .80 0 0
20 - 49 0 92 ] 0
5- 19 1 2.44 .41 .5
5-99 1 4.16 .24 ¥ |
<5 9 11.99 a5 1.0
Toral 18 18.00 1.00 -
40 + 300+ rad 4 36 18231 17.6
200 - 299 2 .28 .07 L1
100 - 199 2 .B3 2.41 3.8
100+ 8 1.47 5.44 8.6
50~ 99 2 1.38 1.45 2.3
20 - 49 5 2,28 2.19 3.5
5+« 19 5 5.02 100 1.6
5-99 12 8.68 1.38 2.2
<5 17 26.85 .63 L0
Total {}il 37 37.00 1.00 -

Expected values are calculated with adjustments for sex & year of onset.
WifF gL, e LUERTEELMEL THEL 2.
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FIGURE 4 ANNUAL INCIDENCE RATE /100,000 FOR DEFINITE & PROBABLE LEUKEMIA AMONG

A-BOMB SURVIVORS IN THE MASTER SAMPLE BY T65 TOTAL DOSE, CHRONICITY OF LEUKEMIA,
& CITY (OCTOBER 1950-SEPTEMBER 1966)

B4 HEAEAROFRERE 100,000 A<D ORIHES L CIRIEHES QSO MIELR:

TE5 ¥4 lit, AMFEO @M - 84, & X U5 (19504F10H — 19664 9 B )

ANNUAL INCIDENCE RATE/100,000
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TABLE 14 OBSERVED CASES & PERIOD PREVALENCE RATE OF DEFINITE & PROBABLE
LEUKEMIA AMONG A-BOMB SURVIVORS IN THE MASTER SAMPLE BY T65 TOTAL DOSE,
CHRONICITY OF LEUKEMIA, & CITY (OCTOBER 1950-SEPTEMBER 1966)
#14 LAERPOERBEIEE LY S BIHEES £V IEHES AMMOBREN S &0
MR 525 TESEEE, AIUFEo A - ek, & LU (19504£10F — 186619 1)

Period Prevalence

T65 Total Dose Median T65 Dose Cases Rate/1000
T 65 & 1t T 65 & Bt op e i Subifecis 1l te MM AR5 000 A 2 7 1)
e dava MR GE WE W W
HIROSHIMA H 8
300 + rad 323 112 B25 13 5 15.76 6.006
200 - 299 185 49 606 2 3 3.30 4.95
100 - 199 105 27 1652 g 2 5.45 121
50- 99 56 13 2611 3 5 1.15 1.91
20 - 49 26 5 4555 G 9 1.32 1.98
5= 19 8 2 10541 4 5 .38 A7
<5 0 0 62515 23 6 37 10
Total & & = B3305 60 35 T2 A2
NAGASAKI [
300 + rad 417 7 506 [ 1 10.60 I.T7
200 - 299 238 3 693 5 1 7.22 1.44
160 - 199 145 2 1174 3 0 2,56 0
50 - 99 69 0 1173 0 0 ] 0
20 - 49 31 0 1354 0 0 0 3]
s~ 19 5 0 4501 1 1 +22 .22
<5 0 0 20403 10 3 .49 k5
Total & it - - 29864 25 6 .84 .20
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TABLE 15 OBSERVED & EXPECTED CASES OF DEFINITE & PROBABLE LEUKEMIA AMONG A-BOMB SURVIVORS
IN THE MASTER SAMPLE BY T65 TOTAL DOSE, CHRONICITY OF LEUKEMIA, & CITY (OCTOBER 1950-SEPTEMBER 1966)
#15 %*%&*mﬁﬂﬁﬁﬁuﬁwéﬁmm¥ﬁxUﬁﬁﬁ%&ﬁﬂﬁwﬁﬁﬂ&ﬁ;UMﬁW&:T%ﬁﬁm.
B0 Gk - 84, &k UmH A (19504108 —1966% 9 H)

T65 Total  Person Years Observed Annual Incidence Expected 0/E Relative Risk
Dose ar Risk R 3 1) rate /100,000 I 4 1) 2 tha Hl g 58 24 b 22
TES5 & # it B A 107 AL~ Y 5 s
(1000 A H{ir ) Acute  Chronic #cute  Chronic Acute Chronic  Acute Chronic Acute Chronic
B 18 1k jiged 18 ik 181 At 1% fuR i3 ji 33
HIROSHIMA 5 &
300+ rad 12.1 12 5 99.17 41,32 .58 .33
200 - 299 9.0 2 3 22,22 33.33 .43 .24 } 10.09 8.33 19.0 46.3
100 - 199 24.1 8 2 33.20 8.30 1.17 63
50- 99 38.3 3 4 7.83 10.44 1.88 <04
20 - 49 67.0 G 8 8.96 11.94 3.25 1.62} 1.03 2.50 1.9 13.9
5= 19 156.0 4 4 2.56 2.56 7.44 3.84
<5 9215.1 23 4 2,51 44 43.26 22.41 .53 .18 1.0 1.0
Total 7! 1222.7 58 30 4.74 2.45 58.01 30,01 1.00 1.00 b *
NAGASAKI dxkf
300+ rad 8.4 5 1 59.52  11.90 49 W10
200 - 299 10.4 5 1 48.08 9.62 W62 .[2} 6.13 4.65 2.9 7.9
100 - 199 i d 3 0 16.95 0 1.01 21
50- 99 17.6 0 1] 0 0 .99 .20
20.- 49 20.0 0 4] 0 0 1.16 «24 A8 .85 3 1.4
5- 19 66.3 1 1 1.51 1.51 3.50 .74
<5 297.2 10 2 3.36 W67 16.23 3.39 62 99 1.0 1.0
Total it 437.6 24 5 5.48 1.14 24.00 5.00 1.00 1.00 - -

Expected values are calculated with adjustments for sex, age ATB, & year of onset.

MiFE, th, GRS ER, LLURKRETAMEL TH L A~

Four specific types of leukemia occur with suf-
ficient frequency to merit examination in relation to
Acute granulocytic, acute lymphocytic, other
acute, and chronic granulocytic leukemia. Although
the number of leukemia cases is too small to state
the dose-response relationship for subtypes of
leukemia as shown in Table 16, it is evident thar,
in both cities, all three acute forms and chronic
granulocytic leukemia occur more frequently among
persons who received 100 rad and over than among
persons who received less than 5 rad. In Hiroshima
there is an increased risk for persons in the low
dose (5-99 rad) region for acute lymphocytic, other
acute type, especially chronic granulocytic
leukemia, but not of acute granulocytic leukemia,

dose:

and

However, in Nagasaki no type shows increased
risk in the low dose region.
When the dara are examined with respect to

calendar time in Table 17, it is clear that, afrer
1955, the risk of leukemia (all forms) tended to
decline with time elapsed after the bombs in both
cities, especially among those who received 100 rad
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TABLE 16

INCIDENCE OF DEFINITE & PROBABLE LEUKEMIA AMONG "A-BOMB SURVIVORS IN THE MASTER

SAMPLE BY TYPE, T65 TOTAL DOSE, & CITY (OCTOBER 1950-SEPTEMBER 1966)
F#16 RAEAGORBHEBE I L2RMEEL S CRERELAQMMBEO BEZ: HE,

T 65w &,

fr L ORI (1950 10H — 19664 9 H )

T65 Total Dose Té65 &5t

Type Total ## 100+ rad 5-99 <5
Ehd Cases Rate Cases Rate Cases Rate Cases Rate
{5 £ - R ¥ 17 ¥ il £ b
HIROSHIMA 4
Acute granulocyric @R RE 25 2.0 11 24.3 3 1.1 11 1.2
Acute lymphocytic  @1E 1 v o0ERE 13 1.1 5 11.1 4 1.5 F A4
Acute other type O fbhe @iER 20 1.6 6 13.3 3 2.3 8 .87
Chronic granuloc yeic f {81 29 2.4 10 22.1 15 55T 4 44
Chronic lymphocytic #81% 1 & «feki% ] 1] 0 4] 0 0 i
Chronic other type % @ o) iR 1 L08 0 0 1 .38 i
Total 1Tl 88 7.2 32 70.8 29 1.1 27 3.0
Person years at risk (1000)
W AL (100047 ) 1221.7 45.2 261.4 915.1
NAGASAKI 1&Hi
Acute granulocytic B PEIREITE 13 3.0 6 16.4 1 .96 6 2.0
Acute lymphocytic Bk i 7 1.6 6 16.4 0 (i} 1 34
Acute other type Tk AtEY i .91 1 2.7 0 a 3 1.0
Chronic granulocytic M%7 i41% 4 .91 2 5.5 1 90 1 34
Chronic lymphocyric Flh ) - Btk 1 .23 0 0 0 0 1 34
Chronic other type 20 o e R 0 i] i 1] 0 1] 1] il
Total {rif 29 6.0 15 41.1 2 1.9 12 4.0
Persop years at risk (1000)
e LG 1000% £ ) A e 1o i
Rate: Cases/107/year. #: EMIDFALLEN
or more. Further, as shown in Tables 18 and 19, if FHafimahal It obrhas, 2524, £18

the data are examined by chronicity of leukemia ,
it appears that the risk of acute leukemia remained
high during 1960-66 for those who received more
than 100 rad. For chronic leukemia, the evidence
is somewhat more ambiguous, because of the small
number of cases, but the observed number of cases
exceeded the number expected during 1960-66:
Combining all exposures of 5 rad or more the ratios
are 5/1.9 or 2.6 in Hiroshima and 1/0.7 or 1.4 in
Nagasaki. At least, there is no evidence that the
risk of even chronic leukemia had
control levels.

returned to

Since the master sample is composed exclusively of
who to 1950, nothing can be
learned from this material about cases of leukemia
with onset in the first [ew years after the A-bombs.
However, Figure 5 shows, for the years 1950-66,
the number of cases with onset in each year,
divided into those who had estimated radiation
doses of 1 rad or more and those who had essential-
ly no radiation dose from the A-bombs. Among the

persons survived

LU0 RET LI, AMFEOSHE - IBIERICEHO
Hataiis s b, 1960 -66E@MRI - BV TE 100 rad
MEomBEcfle LTEEAMmKEO risk dEHVZ
EARwLohS. BEAMFKBIZOV T, WL Ew
DT, FREXICEEETIEA VA, 1960 — 6695 o
= A EFREE B> Tve 3 6 rad L Lol E
EREEFHLTALE, BEME L MEHNNEoLFE L
EETs5 /1.9, +4bhbs2.6, BTl /0.7, T4
hblaTkad., i<y, BEAMSEDrisk 228
WHBTEOMEICE TRIBE LA L S FEHIE S v

FEAEARL, 90FCEFLABTHREATVADT,
IofE,SE, FRRFOHEMIEHFELEALKED
risk 2Ma3ZsliTs4sv. LaL, B5¢lE, 1950 -
BEEEDMAM oW T BEM 1B T 3 RMAI L, HEH
fitA 1 rad Ll koo#E S ERMICIIFMBRICES s e 2
Babo ABIIGHELTAE5 L, RITEE FHARTH,



TABLE 17 OBSERVED & EXPECTED CASES OF DEFINITE & PROBABLE LEUKEMIA AMONG A-BOMB SURVIVORS IN THE
MASTER SAMPLE BY T65 TOTAL DOSE, THREE PERIODS, & CITY (OCTOBER 1950-SEPTEMBER 1966)

217 HAERPOREBERE CH1T LIRS LU IERES QORI E & ORI A T 6588 i,
=0 MM, L UEHTR (19504108 —1966% 9 A )

Ta5 Torwal 1950-55 1955-60 1960-06
Dose

TesiEselt Observed Expected O/E e UV€  Gpcerved Expected O/E REZUVE  Gpccived Expected o/p Relative

i isk isk i
W mEs KE mi}nn%z;m WEH  mE m$+a:-:[;;j;mt$ WMEN iR ﬂ;zﬁm”g;;k¥
HIROSHIMA &8
300+ rad 10 .37 4 31 3 .22
200 - 299 3 .26 2 23 0 J8
100 - 199 4 g1 4 .64 2 46
100 + 17 1.34 12,69 47.0 10 1.18 847 15.1 5 .85 5.88 13.7
50- 99 4 1.06 it L.o0 2 T6
200- 49 5 1.8B6 4 121 5 1.29
5= 19 2 4.37 3 4,00 3 2.91
5-99 11 7.29 1,51 5.6 ] 6.71 1.19 2.1 10 4.96 2.02 4.7
<5 7 26.37 0.27 1.0 13 23.12 506 1.0 7 16.18 43 1.0
Total & #t 35 35.00 1.00 - 31 31.01 1.0 - 22 21.99 1.0 -
NAGASAKI ¥
300 + rad 3 .22 2 .16 1 .21
200 - 299 2 .30 2 .18 2 .28
100 - 199 2 A7 1: .30 0 .45
100+ 7 99 7.07 13.1 5 b4 7.81 0 14.2 3 94 3.19 43
50~ 99 0 A4 4] 32 0 42
20 - 49 0 52 4] 38 ] .50
5= 19 0 L.60 0 1.19 2 1.45
5-99 0 2.56 0 0 0 1.89 0O 0 2 2.37 .84 1:1
<5 4 7.45 W54 1.0 3 5.48 3 ] 1.0 ] 6.69 > 1.0
Total it 11 11.0 1.0 - 8 8.01 1.00 = 10 10,00 1.0 =
Expected values are calculated wit b adjustments for sex & age ATB.
WiFs L, B X UFHBGTEMEMEL THEL 2.
irradiated cases, the peak in incidence was in REROVY -7 121951 THY, FhLkiz L TR 2
1951, since which time incidence has generally #, U TRSELAYE, Lol, KEHEEELA

declined, although erratically. However, among
the distally located survivors, who received little

EFELRERAZH TV L OHEBMEMRE T, SFEORE

or no radiation, the number of cases each year is wEEE P ADLEL, 20X EPEFPIOHEIZTHE
relatively few, and apare from the random fluctuarion XN A{BMEWME ER T NIE, BER TS LS
to be expected with such small numbers, no change EHHE.

in incidence is apparent.

Further, the experience is divided into three dose x5z, gMFERHE =>oERB - sHLTE-. T4
categories tabulated by age ATB (under 25 and 25 bh, WIRSREA 100 rad L FOE, 1—99rad OF,
or more) and city: cases occurring among survivors — . g

who received 100 rad or more; ::l:lgses whgo received MRTESREOED IWIHFITC, FMReF @ (25K
1-99 rad; and cases who received negligible dose. i L OB L 1) B R UMW RIS L 2, #2012
As shown in Table 20, the data suggest that among mLAaLdiz, EREFCIBERMTHoLHTIE, B

; ) : J
those iJ:ged lc?s t_han 2'5' ATB the m.edlan )etar o Eok I S b, (SIS O S R
onset is earlier in the high dose region than in the

low or negligible dose regions in both cities. OREREIDLERRBOF YR LAREE N B,
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TABLE 18 OBSERVED & EXPECTED CASES OF DEFINITE & PROBABLE ACUTE LEUKEMIA AMONG A-BOMB
SURVIVORS IN THE MASTER SAMPLE BY T65 TOTAL DOSE, THREE PERIODS, & CITY
(OCTOBER 1950-SEPTEMBER 1966)

#£18 HAEAGORERBERE CHTIBHEER L CIRIIRES SEOMBE OB b L U RIREE] A
TES#EEE, =2 OMM, # &R (19506 10H —1966% 9 H )

TG6S Tortal Hiroshima [ Nagasaki Jei
Period Dose
i T oo ANt Observed Expected 0/E R;il:;ive Observed Expected Q/E R;:;:ve
e i T e e T
1950-55 300 + rad 5 19 2 A9
200 - 299 1 .13 1 .26
100 - 199 2 36 2 W4l
100+ 8 .68 11.76 226 5 .86 5.81 8.80
50- 99 2 55 0 37
20 - 49 0 .97 0 Ldd
5- 19 1 2.23 ] 1.28
5-99 3 3.75 .80 1.5 0 2.09 0 0
<9 T 13.57 D2 1.0 4 6. 05 .66 1.0
Total &3t 18 18.00 1.00 - ) .00 1.00 =
1955-60 300+ rad 4 25 2 14
200 - 209 1 ) 2 16
100 - 199 4 .51 1 il
100 + 9 .95 9.47 16.1 5 57 8.77 20.9
50« 99 1 .81 0 .29
20- 99 3 1.39 0 33
5= 19 1 3.21 i 1.02
5-99 5 5.41 . 1.6 0 1.64 0 0
RZ 11 ‘18.65 -39 1.0 2 4.78 42 1.0
Total @ iF 25 25.01 1,00 3 7 6.99 1.00 -
1960-66 300 + rad 3 14 1 16
200 - 299 0 .11 2 20
100 - 199 2 30 0 B4
100 + 5 .85 9.09 20.2 3 70 4.29 5.8
50 - 99 0 .52 1] Dd
20 - 49 3 .89 a 39
5- 19 ? 2.00 1 1.20
5-99 5 3.41 1.47 3.3 1 1.91 .52 .70
<5 5 11.04 45 1.0 4 5.39 74 1.0
Total & if 15 15.00 1.00 - 8 8.00 1.00 -

Expected values are calculated with adjustments for sex & dge ATB.
MiF sy, Mak ORIBBEREWMELTEEL £,



TABLE 19 OBSERVED & EXPECTED CASES OF DEFINITE AND PROBABLE CHRONIC LEUKEMIA AMONG A-BOMB
SURVIVORS IN THE MASTER SAMPLE BY T65 TOTAL DOSE, THREE PERIODS, & CITY
(OCTOBER 1950-SEPTEMBER 1966)

#19 AP OEREERE 51 5B E S £ OURIETEE SR A MHE O B FIE s U MEE .
Tes#E#Mlk, => DM, & EUHH %I (19508 10H —1966iE 9 H )

T65 Total Hiroshima j; g Nagasaki
Period Dose - =
I [ T 65 45 4 dit Observed Expected 0/E R;i:;:ve Observed Expected /E R;::;:ve
e W b i op =] B o 5 o e T R TE e #E HISHI 5 L
1950-55 300+ rad 5 19 1 .03
200 - 299 2 13 1 .03
100 - 199 2 35 0 .06
100+ 9 67 13.43 - 2 A2 16.67 *
50 - 99 2 50 4] .07
20- 49 5 89 0 .09
S Y 1 2.14 0 w32
5-99 8 3.53 2.27 . 0 .48 0 b
<5 0 12.80 0 1.0 0 1.40 1] 1.0
Total it 17 17.00 1.00 2 2.00 1.00
1955-60 300 + rad 0 06 0 .02
200 - 299 1 04 0 .02
100 - 199 0 13 0 .03
100 + 1 .23 4.35 9.7 0 07 0 L]
50 - 99 0 19 0 .03
20 - 49 1 .32 0 L4
5- 19 2 9 0 A6
5-99 3 1.30 2.31 5.1 0 23 0 0
=5 2 4,47 .45 1.0 1 .70 1.43 1.0
Taoral ¢ &F o 6.00 1.00 1 1.00
1960-66 300 + rad 0 .08 0 .05
200 - 299 0 06 [¢] .08
100 - 199 0 .16 0 .11
100 + 0 .30 0 0 0 .24 0 0
50- 99 2 .24 0 .10
20 - 49 2 40 ] A2
5= 19 1 .92 1 2>
5-99 3 1.56 3.21 8.2 1 A7 2.13 2.7
5 2 5.14 .39 1.0 1 1.29 .78 1.0
Total &at 7 7.00 1,00 2 2.00 .00

Expected values are calculated with adjustments for sex & age ATB.
Wi, B LUMBREMEMLEL THEL 2.



FIGURE 5 DEFINITE AND PROBABLE LEUKEMIA CASES (ALL FORMS) AMONG A-BOMB SURVIVORS
IN THE MASTER SAMPLE (HIROSHIMA & NAGASAKI COMBINED) BY YEAR OF ONSET AND T65 TOTAL DOSE
(DCTOBER 1950-SEPTEMBER 1966)

[5 HAEAES -  BEMEH) hOERERE LT I2BHEES LCIIEEELAMBH (T <TORFER) O5h:
HRHEE S LU TEOEMREER (19505 10H —19664 9 H )

10 LI} L] i T T T T T T T T T T T

T&5DOSE #iik

Y= 1+ rad

— Orad

[
2

NUMBER OF CASES

1 A L ] 1 | 1 L 1 i}

1
1950 1955 1960 1965

YEAR OF ONSET ##i if i

TABLE 20 MEDIAN CALENDAR YEAR OF ONSET OF DEFINITE AND PROBABLE
LEUKEMIA AMONG A-BOMB SURVIVORS IN THE MASTER SAMP LE BY T65 TOTAL DOSE,
AGE ATB, & CITY (OCTOBER 1950-SEPTEMBER 1966)

F20 AR ARG OBRBRBEEEE (0T S AN HETE & & U TR S B O RBS
ERE Ll : TESERAL, FHREEERS o L UttiTn (19504100 — 196652 9 A )

Age ATB B MRS I

T65 Toral Dose

— <25 25+
Cases Median Cases Median
1) 4 g i il &% et
HIROSHIMA 5
100+ rad 15 1954 17 1957
1-99 12 1956 19 1956
[} 8 1959 17 1958
NAGASAKI et
100+ rad 10 1956 5 1958
1-99 3 1957 1 1961
0 3 1961 7 1958

Mann-Whitney U test showed significam difference between cases who received more
than 100 rad & cases with less than 100 rad among those under age 25 ATB.
Mann-Whitney U BE T, MARERIFEERBTH L HM a5, 100 cad VL E2 0T 20 &
100 rad i &Sl DMz AE LI BH N A
Hiroshima U test P <.001 Nagasaki U test P<.10

7 U £ U M
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Examined by chronicity of leukemia, the tendency
was similar to the findings in all forms of leukemia.
However, there was no evidence here that the
higher dose group had earlier onset of leukemia
among those aged 25 or more ATB.

In the Life Span Study sample, there are 4526
persons in both cities in the category of “‘early
entrants’’,
after the bombs. Among them, four leukemia cases
were detected but none who entered within 3 days
the atomic bombs. The number of cases
observed was too small to permit any statement
about the pattem of leukemia among early entrants.
Further e case of chronic granulocytic leukemia
(Mﬂ was detected in the Nishiyama district
of Nagasaki during the 20-yvear period afrter the
bomb. 31 This may be relevant fallout

produced a certain amount of residual radiation in
the Nishiyuma discrice. !l

that is, who entered within 30 days

after

since

DISCUSSION

Data on leukemia which occurred among A-bomb
survivors in Hiroshima and Nagasaki during the
past 16 years are presented, with emphasis on the
relation of leukemia incidence to estimated radia-
tion dose. The analysis has been conducted in
relation to the tentative 1965 estimated radiation
dose, in the largest fixed cohort in ABCC. How-
ever, leukemia is a rare disease, and when an
attempt is made to study several factors at once,
the number of cases in each cell of the resulting

table becomes very small.

The experience of A-bomb survivors is unique in
that it consists of whole-body radiation of varying
amounts. Moreover, it is known that there were
qualitative differences in the radiation by city.
That is, because of differences in construction, the
Hiroshima bomb produced both gamma
neutrons, while the Nagasaki bomb produced gamma
rays and few neutrons. 4,28

rays and

Dose-Response Relation in Incidence of Leukemia
(all forms)

Although ionizing radiation can evidently induce
leukemia, the rate depends on the dose received.
The first evidence in humans of an increase in
leukemia incidence with radiation
dosage was presented by Court Brown and Doll.3
Their investigation concerned patients who received
celatively large amounts of X-irradiation in the
treatment of ankylosing spondylitis. They conclud-
ed that they could not rule out the existence of a

increasing

28
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threshold but suggested that a linear relation
without threshold constitutes a good ‘‘working
hypothesis”. Lewis32 supported a linear theory of
leukemogenesis. However, many other authors33741
are not convinced of the linear theory of leukemo-
genesis in the low dose region. Some authors39-41
hypothesize a threshold at 50 -100 rad. However,
conclusions are drawn mainly from reevaluations of
data previously presented regarding the experience
of the A-bomb survivors using T957 dosimetry and
the reports on spondylitis treated by X-ray.

The present analysis of master sample daca
indicates that the risk of leukemia is significantly
elevated in those exposed even to 20-50 rad in
Hiroshima. However, there is an evident suggestion
that there might be a threshold at abour 100 rad
(essentially all gamma dose) in Nagasaki. There
seem to be differences between Hiroshima and
Nagasaki in the response to total dose. It appears
that the risk of leukemia was greater in Hiroshima
than in Nagasaki at every level of total dose (gamma
dose + neutron dose as 1:1), even when the risk is
calculated by comparing observed with expected
leukemia cases after adjustment for age ATB, sex,
and year of onset. Therefore, the question arises
whether this apparent discrepancy between the
cities results from a relative biological effective-
ness (RBE) of neutrons greater than one, for
leukemia, or whether there are errors in the esti-
mates of the relative dose in the two cities.
Although the risk of leukemia incidence is quite
similar for those who received negligible amounts
of radiation in the two cities, a further possibility
exists that the populations of the two cities differ
innately: There were, after all, several cases of
chronic  lymphocytic  leukemia in Nagasaki among
A-bomb survivors who received negligible doses,
while not a single case has been seen in the
larger number of Hiroshima survivors. In view of
these doubts, it does not seem appropriate to
subject the data rto sophisticated mathemartical
treatment but it is of interest to see what value of
RBE* of neutrons would best fit the data if we
ignore our questions for the moment. We have,
therefore, constructed RBE doses, by combining
the gamma and neutron doses in the portions 1:X,
and then examined the occurrence of leukemia in
relation to this RBE dose. RBE dose was calcu-
lated as follows:

A, TEHM LMRE | &L CHEED & v E 4 [ » R
MexhAELTWwA, Lewis™ [, (M5 05%E (55
E#HIzE—FHF2LBEHTVS. LL, B
SunTid, FlAEEOERERE 7L CERME & DB
dede pig oy -0 B0 100 rad I A AL 2 2 EE S
wELHB. PN LoLl, ChoofEEe LTTS?
Dinft#EEM - ET T EENLEBRBIRED
EHH L UXBEWATHATHERL SO 2 EFMW
LTBALnTHS.

EAEEOBERBIIMT 25 0RIFORE, KBTI
20-50rad OERH ITHVTERMAD risk A
FRLTVWREZEABOERS, L L, EIFTEN
100rad (IFLAEFTNTH @) CHE FHBTE
Aamsxng. HEHEENCHAAMMAESEEFIZL, K-
EMfimMcErs L30B8 bha. AMBHOMER
Bk TSR ERE, TR L OPRERGIEEE & WHIE L A MR G
LolEAELTATE, WTFNOEH R (K iR
i FHBEEIGLIOAECET) CHEOTLES
Orisk FEBEIOHEOEIIZBbhd., LT, 2
clrAabhAaMiMe®EE, AnFEEEo b T
W ER SN R (RBE ) A1 20 k& v,
Bl Mo ERCRENSHI 0N
FoSHBAELTS, MATERTCEARED M
A 3 A E T, AMFEEEO risk FEERLETSH
A4, vwE ook s LT, BloADCHERE
HEoZsssstiEgibohad, T4bb, BHETES
BEOMREE T ARBEREO ) 5B v REQ
MR AR TR H - A, HERREO LD EVIEE
TRHIFEED ATV AL., ZOX) LHEMAS S
¥, GERORE LR ENBHEARSS ZLEESETIRE
whE Lhadus, ThooMEE R L T, Pk
Fi @O RBE* Ol ¥ OREDFIEFHIEL LB
TEAASAETLRAKRNOHSILTHE. ZOLMIL,
HywmehiE Tt L & 1 X 0% & T &4 L TRBE
mEts #H L, AMAmORELELZORBE#E L 0 ME
RHa L. RBESBEIADLEHIZHEL L.

Tentative 65 Dose (rad) Gamma (X), Neutron (Y), RBE Dose as RBE of 5 (X + 5Y)
TED MM (rad VO # > = (X), PiEF#E(Y ), RBE 5 THhEAMEORBEBE(X+5Y)

*We define RBE dose here as follows: |f the gamma and neutron doses to a survivor are designated as x and y, and if
all doses z= x+ By produce the same effect independently of the individual values of x and y, then we callB the
Relative Biologic Effect of neutrons as compared with gamma radiation.
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Table 21 shows the data when tentative values of
4, 5, and 6 were used for the RBE and Figure 6
shows the data for RBE 5 graphically, These
values were used after preliminary investigation
had shown that the best value was likely to be in
the neighborhood of 5. 1t appears that, for leukemia
of all types combined, in terms of the RBE doses,
the best fit seems to be that which corresponds to
an assumed RHE of 5, and for this value the data
are consistent with a single linear model in both
cities. On the other hand, the Nagasaki rates do
not rise above the background rates until about 40
rad, while the Hiroshima data show no evidence of
a threshold. 1t is true, however, that the sampling
variability the observed number of cases in
Nagasaki the dose range 50-99 rad quite
large: The expected number of cases is only 1.5 on
the linear hypothesis, and the observed number of
zero is not inconsistent with chat expecration. If

of

in is

TABLE 21

#2Zik, RBEMM#EEMIZL, SHLU6E LAY
BOWEERL, ME6IZIARBE 45 & LABLS0RHE 4
BUR L. THOBESORBER BROBISHETSH S
tEbonioT, EREOMEBVAZLIZLE, T
TOROAMF G5t LB EORBEGR - BEFE Lo
MfFd 454, RBELZ S5 L{RELABMEHOIEEFE,
GETIEICEDLA, oI, BEFEFHETHEL
U —-pnESAROHREE TV II—KT 5. FOKH, B
D SEEF R 0rad CEASTIHEASE RS M2 &
LA L, ERMOFERCIRM AL LA
LA L, E&OS0-9%rad o B Ti12, o
Fr TLOEMIER CKREVZ L EEITHD: BR
I H-T { MR EREH TP LS THN, BER
AlAGEVZEEsOMBH e FETIL0TERR L,

LA,

U

INCIDENCE OF DEFINITE & PROBABLE LEUKEMIA (ALL FORMS) AMONG A-BOMB SURVIVORS

IN THE MASTER SAMPLE BY T65 RBE DOSE & CITY (OCTOBER 1930-SEPTEMBER 1966)

#2l EAREAPOFEEEBRE CHHTIBWFEEL L CERTHEELAMK (T XTORY) ORES:
T65 RBE s hit & & FBiinl (1950510 H — 19661 9 B )
RBE : 4 RBE: 5 RBE : 6
T6s RBE Dose

T6 RBE &t Median Cases Rate Median Cases Rare Median Cases Rate

Dose 17 ¥ Yy Dose 17 & Y5 Dose 196 44 Y

X 5L o g i B L rh i # ik v #

HIROSHIMA 125
400 + rad 660 17 103.0 682 21 107.4 698 22 98.3
200 - 399 260 11 557 270 11 52.7 272 12 53.9
100 - 199 135 10 31,7 130 7 20.7 136 i 19.7
50- 99 69 8 18.6 70 10 23.3 69 10 22,0
1« 49 15 17 5.1 15 14 4.3 15 12 3.8
0 0 25 3.2 0 25 3.2 0 25 ¥.2
NAGASAKI feuf§

400 + rad 525 3 96.3 529 5 94.6 520 5 91.1
200 - 399 262 7 48,0 261 7 46.5 2064 7 46,6
100 - 199 146 3 17.3 l46 3 17.8 147 L] 17.8

50- 99 68 4] 0 68 0 0 68 1] 1]
1- 49 12 ] 2.9 12 4 2.7 10 4 P
0 0 10 4.3 0 10 4.3 0 1o 4.3

Regression Coefficient
(RG] RBE ; 4 RBE : 5 RBE : 6

Hiroshima 1L & Yy4= 151X+ 7.32
Nagasaki &8 Y4= JA87X - 3,44

Test of homogenity of two regression
TonEsMol—1EEE
F=2.51

P:>.05

Y= 152X + 5.50
Y= 182X —3.13

F=1.71
P:>.05

Yg = 137X+ 6.35
Y, =.178X -2.82

F=2.19
P >.05

Rate/ 100,000/ vear. 100,000 A %7 1) ol 3k 3
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FIGURE 6 ANNUAL INCIDENCE RATE/100,000 FOR DEFINITE & PROBABLE LEUKEMIA AMONG
A-BOMB SURVIVORS IN THE MASTER SAMPLE BY T65 RBE DOSE (OCTOBER 1950-SEPTEMBER 1966)
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the data are to be taken as indicative of a real
difference in the two the
implication would appear to be that there is a
threshold for gamma radiation alone about 50 rad,

rfesponse  in cities,

but that there is no threshold for mixed gamma and
neutron radiation. We are reluctant to adopt such

an explanation.

This analysis is predicated on the assumption that
the present doses are reasonably accurate. How-
ever, an alternative explanation of the difference
between the two cities would be a modest physical
underestimate  of rthe the
Hiroshima A-bomb, or an overestimate of the
Nagasaki curves, or some combination of the two.

air-dose  curves of

Further, as pointed out above, there are at least
reasons for questioning whether there may be some
genetic or other differences between the popula-
tions of the two cities that account in part at least
for the observed differences.
analysis only to indicate that if the populations are

We present the above

the same, and if there is no relative error in the
two sets of air-dose curves, and if the discrepancy
only from differences in the types of
radiation between the two bombs, then it appears
that the RBE of neurrons as compared with gamma
radiation for leukemogenesis in humans is about 5.

resulcs
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In Hiroshima, neutrons were relatively much more
important than in Nagasaki, especially near the
hypocenter, tchat is, within about 1600 m from the
hypocenter.® Therefore, if the RBE of neutrons for
leukemogenesis exceeds one, we should expect to
find a more steeply increasing curve of incidence
with increasing rtotal dose (gamma + neurrons as
1:1) in Hiroshima than in Nagasaki. This is a
possible explanation of the fact that, as seen in
Tables B and 9, the risk increases mare steeply
with increasing dose in Hiroshima than in Nagasaki.
A further implication is that, if the RBE exceeds
one, even if a linear regression model acrually does
hold for gamma radiation or neutrons separately,
then, especially in Hiroshima, the regression of
leukemia on T35 rtoral dose should exhibit curva-
ture, that is, increasing slope with increasing total
dose because the relative contribution of neutrons
to total dose is an increasing function of total dose.

The coefficients of RBE dose shown in Table 21
in fact, the estimated increases in leukemia
incidence per rad.  Since considerable
attaches to such estimates of risk, they are shown
for values of RBE from 1 to 7 in Table 22 for each
city and for the combined experience.

are,
interest
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TABLE 22 INCREASE IN ANNUAL RISK OF LEUKEMIA/L,000,000/rad AS A FUNCTION
OF ASSUMED RBE tOCTOBER 1930-SEPTEMBER 1966)

#22 {EMEZRBEGM#ME LT 1 rad 420 ALK 100 274 0 o E 055 5 L i E s
@ Rihn (19504F10H —19664F 9 H )

Assumed RBE Hiroshima Nagasaki Both Cities Combined
i % 1 @ RBE I & Fé il it &

i 2.5 2.0 2.3

2 2:3 2.0 2.2

3 1.8 1.9 1.9

4 1.5 1.9 1.7

5 1.5 1.8 1.6

6 1.4 1.8 1.5

7 152 1.7 1.4

Although we helieve that the data do not appear to
be sturdy enough to make a sophisticated analysis
of a possible nonlinear dose relatienship, a simple
analysis42 was done, employing those who received
1 rad or more in the Extended Life Span Study
sample in relation to period prevalence of leukemia
during 1 October 1950 — 30 September 1966.

Table 23 summarizes the results. Figure 7 shows
the theoretical curves of best fit for the two cities.
Both the Hiroshima dara and the Nagasaki dacta
showed that the second and third power coefficient
were highly significant, thus decisively rejecting
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FIGURE 7 THEORETICAL CUBIC REGRESSION CURVE FOR BEST FITTING TO NONLINEAR REGRESSION
MODE L. FOR PROBABILITY OF PERIOD PREVALENCE OF LEUKEMIA, HIROSHIMA & NAGASAKI
(OCTOBER 1950-SEPTEMBER 1966)
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TABLE 23 SUMMARY OF STATISTI CS FOR ANALYSIS OF DOSE RESPONSE RELATED TO PERIOD PREVALENCE
OF LEUKEMIA (ALL FORMS) AMONG ABOMB SURVIVORS WHO RECEIVED 1 RAD OR MORE IN THE EXTENDED
LIFE SPAN STUDY SAMPLE WITH RESPECT TO NONLINEAR REGRESSION (OCTOBER 1950-SEPTEMBER 1966)

7623 BEGMELART Y Tudo 1l rad D LEE 2 AFIRERE BT A28 (TS T oK) o N E RS
LA L OMECOOWTOESRRER M AR IS AR O EY (19505108 —1966% 0 H)

Statistic #it 85 DF MS F P

HIROSHIMA (55

Linear regression 0 R [@)] 47 1588 1 1588 70.922 <.01
Excess due to quadratic s iz fE 9 M0 1608 1 L1608 71.808 <.01
Excess due to cubic ShRFICEE S M .0682 1 0682 30,451 <.01
Residual % 67.459 30131 L0022

Total & it 67.847 30134

NAGASAKI {0

Linear regression o B [ 48 L0350 1 L0350 24.230 <.01
Excess due to quadratic &k g 126 5 L0406 1 L0406 28.065 <.01
Excess due to cubic SHARIZEIHNM 0243 1 .0243 16.792 <.01
Residual &3 19.871 13750 L0014

Total &l 19.971 13753

Cubic regression equations f or best fitting to the data
FHIIHLLHSTT A =K
Hiroshima (M : Y(gy= 5.68 % 1074+ (4.41% 107X ~(1.43 % 10°8) X2+ (1.03 x 10712) X3

Nagasaki M 1Y )= -5.03 1079+ (3,02 X 107K —(1.45 % 10°8) X2+ (.44 % 10712 x3

(T65 Total Dose: X, Y= I:L eukemia, Y= 0:Not Leukemia) (TESEME: X, Y=1: g, Y=0: gl T L &0)
Analysis of variance for 3rd degrees of fitting SEORES M A
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the linear hypothesis. There are a number of
possible altemative explanations for this finding,
beyond the question of the applicability of the test,
and we would emphasize, especially, the problem
raised by uncertainty in the estimates,
especially at the higher levels of dose.l7

dose
It is
evident that we are not yet in a position to state in
a definitive way the quantitative
between radiation dose and leukemia incidence.

relationship

There are several reasons for uncertainty of dose
estimates in the higher region:  a much
greater variation of estimated dose with distance
from the hypocenter at the nearer distances,
selection of the ABCC fixed sample with respect to
S-year survival after exposure to the bombs, some
uncertainty of real shielding history resulting from
erroncous histories for persons allegedly near the
hypocenters, etc. [Further, the size of the study
sample and the number of leukemia cases are both
small in the high dose region and therefore, sampl-
ing fluctuation is grear.

dose

Type of Leukemia among A-bomb Survivors

There is a notable difference between the two
cities with respect to the proportions of acute or
chronic leukemia which occurred among the survi-
vors who received A-bomb radiation. In Hiroshima,
the incidence of chronic granulocytic lenkemia was
increased in survivors who received total doses of
more than 5 rad. In Nagasaki, no increase is
observed below 200 rad - in facrt, there are no cases
at all between 20 and 200 rad. On the other hand,
the risk of acute leukemia increases with increasing
radiarion both cities especially among
those who received total doses estimated at 100
rad or more.

dose in

Among those who received total doses less than
20 rad, the experience of the two cities, as to both
the incidence of leukemia and its discribution by
chronicity is not too different. However, among
those who received larger doses, the Nagasaki
experience is especially notable for the pauciry of
cases of chronic leukemia. Thus, among those who
had estimated tortal doses of 200 rad or more, only
two cases of leukemia were found in
Nagasaki, although ar the Hiroshima rates, 7.1 such
cases would be expected. Moreover, in Nagasaki,
the two cases of chronic leukemia were under 15

chronic

vears of age ATB.

The possible explanations of this finding are:
differences in the applicaton of diagnostic criteria
as between the cities; some innate biological
difference in the two populations; or a specific
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to induce chronic as
leukemia while gamma radiation
chiefly induces acure leukemia. We believe thar the
diagnostic criteria used in the two cities were the
same:  All materials were reviewed by a single
group of hematologists and peripheral blood smears
were periodically exchanged between hematologists
in the two cities. The question of an innate dif-
ference between the populations seems unlikely,
although it is true that chronic lymphocytic leukemia
occurs in Nagasaki (among survivors who received
negligible doses), but not in Hiroshima, so the
possibility cannot be dismissed out of hand. The
most tenable explanation, then, would appear to be
a difference between neutrons and gamma irradia-
tion with respect ro the kind of leukemia which
is induced.

ability of neutron irradiation

well as acute

Court Brown and Doll? reported that the patients
who received therapeutic irradiation for spondylitis
tended to develop acute leukemia, in contrast with
persons occupationally exposed, who developed
chronic leukemia.43:44 The X-rays to which both
groups were exposed are qualitatively similar to
There are large differences bhetween
the two groups as to dose rare, anatomic localiza-
tion of the affected sites and magnitude of the
accumulated dose. Moreover, it is recognized that
the linear energy transfer (LET) and depth dose
distributions for these groups are different and that
both are different from those due to gamma rays,45
The ratio of acute/chronic leukemia in Hiroshima is
not unlike that for occupational irradiation, while
the Nagasaki experience seems closer to that of
the spondylitics. In reporting on life shortening in
mice produced by neutrons and gamma radiation,
Upton et al46 reported that the RBE of neutrons as
compared with gamma varied with the dose race,
from about 3 at the highest dose rates to more than

gamma rays.

10 ar the lowest dose rates, caused by a diminished
gamma effect at the lowest rates. This being so, it
seems plausible to expect thar radiation leukemo-
genesis in man will also depend on the radiation
type and energy spectrum, the dose rate, part of
body, and intermittency or continuity of exposure,
as well as the rotal accumulated dose.

Although hematologists by no means agree on the
diagnosis of leukemia with respect to cell type,
especially in leukemia, the
leukemia has been examined in relation tw dose and
the specific type as classified by ABCC hematolo-
gists, with the consultation of ABCC Hematology
Consuleation Board. Granulocytic leukemia, both
chronic and acute, and acute lymphocytic leukemia
all were increased among survivors who received an
estimated 100 rad or more. Among younger persons,
those aged less than 15 ATB, the risk of acure

acute incidence of
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lymphocytic leukemia was especially increased.
Among persons who received doses in the range 5-99
rad, no form of leukemia was increased in Nagasaki,
bur in Hiroshima, only acute granulocytic leukemia
was not increased, while chronic granulocyric,
acute lymphocytic and “‘other’” acute leukemia were
all increased. No survivor who received more than
a negligible dose of radiation has been found to
have chronic lymphocytic leukemia. However,
since in Western lymphoc ytic
leukemia is primarily diagnosed in persons over age
40, and has a steeply rising age-incidence curve, it
may not be unreasonable to speculate rthar a very

countries chronic

long latent period may be required for the inducrion
of this disease,*7 whatever be the cause. From this
point of view, it seems conceivable that chronic
lymphocytic  leukemia may yet occur among the
survivors, especially those who were youngest ATB.
It appears that chronic lymphocytic leukemia is not
found among Hiroshima survivors but it was oc-
casionally found among distally located survivors
in Nagasaki.

Sex and Age Sensitivity

The present analysis demonstrated thar the radiation
leukemogenic effect is stronger in males than in

females and is greater in younger than in older
SUrvivors.
Court Brown and Doll3 reported that the most

sensitive of the irradiated spondylitic group were
those in the older age range, but there are no very
young individuals or their analysis.
Heyssel and Brill 48 reporced thac radiation exposure
in fetal life is a much more potent leukemogenic

females in

stimulus than comparable doses later in life, in
comparison with the dara on prenatal exposure,
thymic children, Hiroshima A-bomb survivors, and
ankylosing spondylitis.

Latent Period

The first cases of lenkemia that can accurately be
associated with heavy exposure among A-bomb
survivors were found in Nagasaki in 194549 and in
Hiroshima in 1946.%°°% 1t was teported that both
cases were acute monocytic leukemia and the
patients both had serious acute radiation symptoms
after exposure to the A-bomb at about 1000 m from
the hypocenter in Nagasaki and 300 m from the
hypocenter in Hiroshima.
occurred in persons not at time
resident in Hiroshima or Nagasaki cities. The
authors stated that it was difficult to classify the
cases as radiation-induced leukemia or not. Among
persons resident in either Hiroshima or Nagasaki

However, both cases of

leukemia that
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cities, the first definite or probable leukemia cases
were found among proximally exposed persons in
Nagasaki in 1947 (MEEEEEEE 1200 m) and in
Hiroshima in 1948 (MFjil&, 1100 m). Both cases
were classified as acute granulocytic leukemia.
However, these cases did not belong o the ABCC
master sample.

A fixed cohort of survivers in the present ABCC
study was set up as of 1 October 1950, about 5 years
after the A-bomb. Therefore, it is difficult to state
the pattern of incidence of leukemia before 1

Ocrober 1950, However, the present analysis
clearly demonstrated that the elevation of risk has
persisted among survivors who received large

radiation doses to the period between 15-21 years
after exposure, especially with respect to the acute
forms. It also appears that the risk of leukemia
(all forms) generally tended to decline with elapsed
time after the bombings. According to Court Brown
and Doll’s report®l on the spondilitis patients
treated by X-ray, mortality from leukemia
increased at 3-5 years after irradiation and then fell
off, the number of deaths more than 15 years after
therapy was small.
least in part, from differences in the amount of
radiation and dose rate. Persons in the British
series received relatively large radiation doses
locally and in divided doses, whereas the A-bomb
survivors received almost instantaneous whole body
irradiation but at much lower toral dose.

was

The difference may result, at

It is also clear that onset of leukemia tends to be
earlier with increasing dose among younger survi-
vors (less than 25 ATB) but the tendency was not
seen among survivors whose age ATB was 25 or
more. Further study is required on the relationship

between onset, dose, and age ATB.

Leukemia in the Early Entrants

There has been some discussion on whether the
risk of leukemia is elevated in the so-called early
entrants who entered the cities in the first few
days after the bombs. The United Nations reportl
interprets Watanabe’s data to the effect that in
Hiroshima the leukemia rate in **
higher than among nonexposed persons, but cthar
there was no difference betrween the earliest and
later entrants. Watanabe’2 and Hirose,?> however,
reported that in Hiroshima the risk of leukemia is
higher in those who entered within 3 days than
among those whose entry was 4-7 days after the
bomb. More granulocytic or chronic leukemia is
seen among the early entrants. They calculated
risk on the basis of the 1960 Atomic Bomb Actual
State Survey material.

early entrants'’ was
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It may be supposed that population characteristics
of the early entrants are unusual because adult
males especially would have entered the cities in
order to engage in rescue work. It is difficult to
estimate the doses from residual radiation possibly
received by early entrants but it is thought to
be small. 14

Although we recognize the importance of the
problem of leukemia among early entrants, the
difficulties of dosimetry and of determining an
accurate denominator prevented any substantive
analysisof the question.

SUMMARY

An analysis has been made of the incidence of
leukemia in A-bomb survivors in Hiroshima and
Nagasaki  ities during the period 1 October 1950 — 30
September 1966. Fixed cohorts of survivors who
lived in the two cites on 1 October 1950 have been
followed. ILeukemogenesis has been examined in
relation ro radiacion dose, using the tentative 1965
dose estimates for the survivors.

It was shown again that the risk of leukemia has
been substantially elevated among those survivors
who received significant doses of radiation at the
time of the bombs (ATB). Although it is plain that
the risk of leukemia increases with increasing dose,
it is difficult to draw definite conclusions regarding
qualitative and quantitative relationships between
leukemia incidence and radiation dose. However, in
Hiroshima, indeed, the dara indicate that the risk of
leukemia is elevated in those exposed even to less
than 50 rad, with no evidence of threshold, but
there is some question as to whether there may not
be a threshold in Nagasaki somewhere in the range
20 to 100 rad gamma dose alone. Comparisons
between the cities are complicated by rthe fact that
the relative proportions of gamma and neutron
radiation were very different, and it appears that the
biological effectiveness of neutrons differs from
that of gamma radiation. If other possible sources
of variation are ignored, it appears that the relative
bialogical of neutrons, as compared
with gamma rays, for leukemogenesis, is about five.

effectiveness

The dose-response relationships for specific types
of leukemia vary between the two cities. [f these
differences the
different radiation types and spectra of the two
weapons (and this is perhaps an extreme assump-
tion) then it would follow that neutron dose at all
levels is effective in the
granulocytic leukemia and that both neutrons and

can be ascribed exclusively to

induction of chronic
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gamma irradiation induce both chronic and acute
leukemia at high dose levels (more than 100 rad).

The leukemogenic effect of radiation depends on
the sex and age of the subject ATB. Especially at
dose levels of 100 rad or more, those below age 40
ATB appear more susceptible than older persons.

We can add no new information regarding the
minimum latent period for leukemia induction, nor
its relation to dose. However, it does appear that
leukemia incidence as a whole was greatest 5 to 7

years after exposure and thereafter declined.

However, there is no evidence that the risk of
leukemia had returned to control levels even 15-21
vears after exposure to the A-bomb.
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LISTING OF DEFINITE AND PROBASLE LEUKEMIA TN

acrT.
AGE CHRONWICITY TYPE OF
LEUKEMIA L EUKEMIA
ACUTE LYMPH .
ACUTE GRANU.
ACUTE LYMPH .
ACUTE LYMPH.
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ACUTE GRANU .
ACUTE LYMPH.
ACUTE GRANU «
ACUTE UNDIFF
ACUTE GRANU o
ACUTE LYMPH.
ACUTE GRANU .
ACUTE UNDIFF
CHRONIC GRANU .
CHRONIC GRANU.
ACUTE GHANU .
CHRONIC GRANU,
ACUTE GRANLU o
CHRONIC GRAMNU.
CHRONIC GRANU o
CHROMIEC GRANU,
ACUTE GRANU .
ACUTE GHANU
CHROMIC GRANU »
ACUTE LK N O
ACUTE AN
CHRONIC BRANU,
ACUTE LYMPH .
ACUTE MONO
ACUTE GRANU «
ACUTE LYMPH,

55

oW

# CASES EXPOSEL OVER 2,500 M

MSQ DISTANCE : NIC

ONSET
CAaUSE

Ani) JEATH @

YA =

1950 —

LUC.

ATHB
HIRO,
HIRD,
HIRO,
HIRU.
HIHO.
HIRO.
HIRD .
HIRO.
HIRU.
HIRO.
HIRO .
HIRO.
HIRD.,
HIRO.
HIRD,
HIRO.
HIRO.
HIRO,
HIRUD .
HIRO.
HIRD.
HIrRO.
HIRD.
HIAO,
HIRO.
HIR.
HIRK .
HIRO.
HIRD .
HIRD.
HIRD .

HIRD

SEPT.

M5 Q
DIST.

0400
o700
1200
0700
070y
0800
0800
0800
G900
0800
1000
1000
0300
0200
0500
1000
1000
0900
1000
1100
L0000
0500
1100
08 00
1100
1100
1000
1100
1200
1100
1100

1100

Ta5

NOT IN CITY

YEARy

Ur DEATH ¢ ICD TTHa

MU=

43

1966 |

T65
GAMMA

NO ESTIMATE
NO ESTIMATE

NO ESTIMATE

1054

0719

J400
0256
0315
D243
0272
0277
0OL94
02648
0261
0268
0183
oLev
0195
oLBz
oL77
0l58
0133
oLz22
0104
oLD6
0108
0099

0058

ARCC

DUSE
NEUT .

1015
0231
0212
0152
0136
0109
0113
0l92
0117
0ldu
0107
0073
0140
o067
0065
Q053
0l29
0041
0041
Q046
0043
0050
031
0032
0033
0028
0020
oo2z

o022

DUSE WAS ASSINEUD AS

ATB .
MATH.

MASTER SAMPLE

TR 25-65
ONSET
TOTAL YR M0
51 od
52 08
5B
2055 52 09
0950 53 12
0867 23 01
a730 57 02
0595 51 11
0573 53 06
0513 59 12
0448 57 07
0432 51 08
0423 52 J8
0379 63 05
0350 55 Y
0336 50 11
0335 63 06
0326 52 04
0321 &6 01
0312 54 12
238 58 02
0236 52 016
0228 56 08
0220 54 0B
0208 53 08
0l64 57 10
0154 58 06
0137 52 12
0134 52 06
al128 51 07
0121 63 05
0120 52 08
[ZERD)

UEATH

Y3
52
53
61

54

60
57

52

4

51

63

b&
59

58

53
B
o2
o4

53

M)
n1
o4
02
0z
0z
04
a5
12
03
06
09
0é
01

06

10

04

09
04
10
41
04
a2
04
o8
D7
08
032

01

CAUSE
NEATH

204
204
204
204
204
204
204
292
204
204
204

204

204
204
481
204
204
204
204
204
204
204
204
204
204
204
292
204

204

TENTATIVELY.

F



LISTING OF DEFINITE AND PROBAALE LEUKEMIA IN MASTER SAMPLE
OCT. 1950 - SEPT. 1966 | ABCC TR 25-69

MaFa AGE CHRONICITY TYPE UF LOC . M50 T65 DOSE ONSET DEATH CAUSE
NUMBER SEX ATEB LEUKEMIA LEUKEMIA ATH BI5T. GAMMAE NEUT, TOTAL YR MO YR MO DEATH

F 13 ACUTE AUND HIRD . 1100 0074 0044 Olle 59 02 59 07 204
M 05 CHRONIC GRANU. HIRO. 1100 0095 aoz2o 0115 54 11 61 06 204
F 49 ACUTE GRANU « HIRO. 1000 0088 0026 0114 57 08 57 09 204
£ 54 CHRONIC GRANU. HIRD. 1200 0083 0014 0097 51 05 52 05 204
F21 CHRONIC GRANU o HIRD . 1200 0062 0035 naa7 64 65 12 204
Fo 04 ACUTE UNDIFF HIRD 1200 0057 o025 DoB2 59 03 59 08 204
Mmo17 ACUTE LYMPH. HIRD . 1300 0066 0oL5 no&1 51 03 51 05 204
F 52 CHRONIC GRANU. HIRDO 1300 0Qo0b62 0010 pava 52 02 58 12 204
F 34 CHRONIC GRANU « HIRD. 1400 0046 noz2s novl 62 03
F 34 ACUTE GRANU. HIRD. 1200 0047 0004 0055 53 05 53 06 002
M 14 CHRONIC DTHER HIRDOa 1300 0032 DOle Q048 55 04 56 03 204
M 02 ACUTE UNDI FF HIRDO. 1200 0035 o011 0046 64 07 &5 06 204
Fo 495 CHRONIC GRANU « HIRO. 1200 0035 Do10 0045 51 02 53 01 D11
F 45 CHRONIC GRANU, HIRD. 1300 0038 0007 0045 61 09 62 04 204
M o13 CHRONIC GRANU « HIRD 1200 0036 D00& 0042 59 B3
M 18 ACUTE OTHER HIRD. 1500 0029 oolz 0041 57 09 57 11 204
M 52 ACUTE MOND HIRD. 1400 0033 0005 D038 63 09 63 10 204
M 45 CHROMIC GRAMU. HIRDS 1300 0029 0005 0034 51 07 56 11 204
M 15 CHRONIC GRANU « HIRD 1300 0©025 D006 0031 62 01 65 01 204
£ 33 ACUTE GRANU, HIRD. 1400 0027 0004 0031 58 06 59 07 204
F 08 ACUTE LYMPH . HITRD 1500 0024 0005 0029 59 06 60 07 204
M 51 CHRONIC GRANU. HIRO. 1600 0017 ooov oo24 51 03 53 04 204
Foo31 CHRONIC GRANU . HIRD. 1400 0019 0003 0022 55 05 60 09 204
"o 27 ACUTE GRANU. HIRD 1500 0017 0003 0020 41 10 &2 05 204
M 07 ACUTE LYMPH. HIKDO. 1500 0017 0aoz2 0019 60 12 61 03 204
M 43 ACUTE UNDIFF HIRU. 1500 0015 oool Dolée 59 01 59 05 204
F 17 ACUTE MonND HIRD 1700 0011 0004 0015 66 06
[ T CHRONIC GRANU. HIRD. 1400 0010 0004 0014 56 03 57 12 204
F D2 ACUTE LYMPH . HIRD. 1600 0008 0001 aong9 54 11 55 10 204
M 44 CHRONIC GRANU. HIRD. 1600 0009 efelale} 0009 53 55 04 204
F 67 CHRONIC GRANU « HIRD 1700 0007 0000 aoo’7 62 10 63 11 204
M 54 CHRONWIC GRAMNU. HIRO. 1700 0007 0ooo 0ooT 57 10 58 10 L99
FOOT NOFE: 1 # CASES EXPDSED OVER 2,500 M T65 DOSE WAS ASSINED AS [ZERO) TENTATIVELY.

2 MSOQ DISTANCE : NIC = NOT IN CITY ATB.

3 ONSET AND DEATH : YR= YEAR, MO= MONTH.

4 CAUSE OF DEATH : ICD TTH.

44



MaeFa
NUMBER SEX

F

F

FOOT NOTE:

LISTING OF DEFINITE AND PROBABLE LEUKEMIA IW MASTER SAMPLE

oc

Ta

AGE CHRONICETY TYPE OF

ATB
50
40
20
14
4
41
29
03
43
47
50
56
13
41
07
60
40
20
46
66
03
40
26
07
40
56
41
40
29
25
29
18

W

LEUKEMI A

ACUTE
ACUTE
CHRONIC
CHRONIC
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
CHRONIC
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
CHROMWIC
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE
ACUTE

ACUTE

LEUKEM

LA

UNKMOWN

LYMPH,
GRANU «
GRANU.
LYMPH.
GRAMNU.
GRANU .
LYMPH.
GRANU .
GRANU.
GRANU .
GRANU.
GRANU .

GRANU.

UNKMNOWN

UTHER
LYMPH.
UNDIFF
GRANU o
UNDIFF
GRANU o
GRANU.
UNDIFF
GRANU
UNDIFF
GRANU.
OTHER
OTHER
GRANU .

GRANU

UNKMOWN

GRANUS

1950 -

LOC.
ATH

HIRO.
HIRO.
HIRD.
HIROa
HIRD.
HIRD.
HIRO.
HIRO.
HIRO.
HIRO.
HIRO.
HIRD.
HIRO.
HIRO.
HIRO,.
HIRO.
HIRO.
HIRO.
HIRD.
HIRO.
HIRO &
HIRO.
HIRO.
HIRO
HIRD .
HIRD.
HIRO.
HIRD
HIRO.
HIRDO.
HIRD.

HIRD.

SEPT.

M5Q
DISTa.

2000
2200
2400
2400
2500
2500
2500
2500
2700
2800
3000
3000
3000
3000
3100
3500
3600
3700
4000
4100
4100
4500
4800
5000
5300
5500
8900
NIC

NIC

NIC

NIC

NIC

# CASES EXPOSED OVER 2,520 M Té65 DOSE WAS
M5Q DISTANCE : NIC

ONSET AND

DEATH 3

YR=

NOT IN CITY

YEAR,

CAUSE DF DEATH : ICOD 7TH.

ATB .

MO= MONTH.

45

ABCC TR 25-69

1966 |
765 DOSE
GAMMA NEUT.
Qoo1 0000
Dool1 Qo000
0000 0000
0000 0000
0000 nooo
aooo 0ooo
0000 0000
0000 0000
0000 D000
0000 oooo
0000 0000
0000 0000
0000 0000
0000 D000
DOOO 0000
0000 oooo
0000 0000
0000 0000
ad00 o000
0000 0000
0000 0000
0000 0000
0000 0000
Dooo [e[afule]
0000 0ooo
0000 0000
[s]sEvle} 0000
NOT IN CITY
NOT IN CITY
NOT IN CITY
NOT IN CITY
NOT IN CITY
ASS INED

]

ONSET
TOTAL YR MO
0aool 61 07
0001 56 09
0000 61 10
0000 55 01
oooo 59 10
DOOO0* 62 04
0000 53 05
0000 54 11
0000 58 02

Dooo 65
nooo* 62 03
0000 55 07
DOo0* 59 05
0000 53 03
Do0O® 59 01
o000 52 02
0000 58 12
0000 50 10

pDooOx 57
0000%* 59 02
0000 56 01
0000 57 03
0000 52 06
0000= 63 09
oooo 64 01
0000* 56 07
0000 58 10
65 04
51 04
59 D8
59 12
51 12

AS [ZERD)

DEATH

YR
61
57
&3
62
59
62
53
54
58

65

57
59
53
60
53
59
50
61
59
56
BT
53
63
65
56
59

65

59
60

52

Mo
10
04
07
01
12
o5
ae
11
02

11

01
10
o7
oz
05
11
11

03
08
09
01
10
o7
07
o2
11
0z
11
0z

03

CAUSE OF
DEATH

204
204
204
204
204
204
204
204
204

204

204
204

204

204
204
204
204
204
204
204
204
204
204

204

204

204

TENTATIVELY.



MeFa
NUMBER SEX

]

FOOT NOTE:

ET
(18]

gl

02

0z
07
10
o0&
2
o4
12

12

CDEATH

YR

2%

60

56

56

61

61

65

[=1¢]

62

MO

O

06

03

04

01

08

08

204
204

204

204

204

TENTATIVELY W

LISTING OF DEFINITE 4anD PROBAGLE LeUKEMIA In MASTER SAMPLE
OCT. 1950 - SEPT. 1946 [ ABCC TR 25-89 )

AGE CHRONICITY TYPE 0OF LG o M3Q T65% DUSE ons
ATE LEUKEMI& _EUKEMIA ATH DIST. GAMMA NEUT. TOTAL YR
30 ACUTE GRANU & HIRO. NIC NOT IN CITY 53
50 ACUTE GRANU, HIRD, NIC NOT IN CITY a0
42 CHRONWIC GRANU « HIRD, NIC NOT 1IN CITY 55
34 ACUTE LYMPH. HIRO. NIC NOT IN CITY 564
1é ACUTE GRANU « HIRO. MIC NOT IN CITY 60
41 CHRONIC GRANU. HIRD. NIC NOT IN CITY 59
oo ACUTE GRANU « HIRD. NIC NOT IW CITY 63
43 ACUTE LYMPH.,. HIRO. NIC NOT IN CITY -1
53 ACUTE GRANU « HIRD. NIC NOT 1IN CITY b6
15 CHRONIC GRANU. HIROD. NIC NOT IN CITY 58
46 ACUTE MOND HIRO. NIC NOT IN CITY 61
1 # CASES EXPOSED DVER 2,500 M Ta5 DOSE WAS ASSIMNED AS (ZERO)
2 M50 DISTANCE = NIC = NOT IN CITY ATB.
3 ONSET AND DEATH @ y2= YEAR, MO= MONTH.
4 CAUSE OF DEATH : ICD TTH,

107



MeFe
NUMB ER SEX

FOOT NOTE:

ATHE
b2
29
36
10
03
36

43

h:d!

LISTING OF DEFINITE AND PROBABLE LEUKEMIA
1966

OTHER THAN OCT.

AGE CHRONICITY TYPE OF

LEUKEMIA LEUKEMLA
CHRONIC GRANU «
CHRONIC GRANU.
ACUTE GRANU .«
ACUTE LYMPH.
ACUTE UNDIFF
CHRONIC GRANU.
CHRONIC GRANU «
CHRONIC GRANU.
CHRONIC GRANU
CHRONIE GRANU,.

43

|
2
3
4

1950 -

LOC.
ATH

HIRD.
HIRO.
HIRO.
HIROD.
HIRDO.
HIRD.
HIRD .
HIRO.
HIRO.

HIRO,

SEPT.

M5 Q
DIST.

0300
1100
0700
0500
1100
1200
1300
1500
2200

2600

165
GAMMA

NO ESTIMATE

NO ESTIMATE

0263
0271
0095
0066
0034
0007
D000

0000

ABCC TR 25-69 |}

DOSE
NEUT o

0187
0117
0039
0011
0004
Dool
0000

D060

ONS
TOTAL ¥R
48
48
0450 1]
0388 49
0134 50
0077 48
0038 50
0008 49
0000 49
0000 47
{ZERD)

# CASES EXPOSED OVER 2,500 M Té5 DOSE WAS ASSINED AS
MSQ DISTANCE : NIC =
DNSET AMD DEATH @ YR= YEAR,
CAUSE OF DEATH : ICD

NOT IN CITY ATB.
MO= MONTH.

TTHa

47

IN MASTER S5AMPLE

ET
Mo

L2
1.7
10
OB
D9
06
[8]-]

08

04

DEATH

YR
52

52

51
20
52
51
57
51

2k

MO

01

06

CAUSE OF
DEATH

204

204

204
204
Bz
204
204

204

TENTATIVELY.

10



LISTING UF DEFINITE AND PROBABLE LEUREMIA In MASTER SAMPLE
OCT« 1950 - SEPT. 19586 ( ABCL TR 25-b9 )

MaF o AGE CHRONICITY TYPE OF ILOC. M5Q T65 [DSE ONSET DEATH CAUSE OF

NUMBER SEX ATB LEUKEMIA LEUKEMIA ATH DI15T. GaMMA NEUT. TOTAL YH A0 YR MO DEATH
F 18 ACUTE GRANU. NAGA 0400 MO ESTIMATE 52 B 53 04 204
M 16 ACUTE LYMPH . NAGA 1100 NO ESTIMATE 6% D% b6 05 204
M 43 ACUTE GRANU. NAGA. 1100 0500 0011 0611 5% 08 59 02 204
F 04 ACUTE UNDIFF NAGH o 1000 0530 ooo9 0539 54 03 54 04 204
M 03 ACUTE GRANU. NAGH, 1100 0478 ooov 0485 58 09 60 02 204
Mo 03 CHRONIC GRANU . NAGH o 1000 0%58 0005 0463 55 08 62 01 204
M 15 ACUTE LYMPH. NAGA. 1100 0422 0011 D433 50 11 51 04 204
m 50 ACUTE GRANU « NAGA . 1100 0322 0o03 0325 66 06
M0l ACUTE LYMPH. NAGAL 1200 0273 0003 0276 57 11 58 04 204
FooLT ACUTE LYMPH . NAGA o 1300 0251 ooos 0256 64 07T 65 04 204
F 18 ACUTE LYMPH. NAGA . 1300 0251 0005 D256 86 01 &8 OV 204
M 33 ACUTE GRANU NAGA o 1200 0244 Doos 0249 65 09
Mo 03 CHRONIC GRANU, NAGA. 1400 0242 oooe D244 54 09 &0 08 204
M 02 ACUTE GRAMNU « NAGA « 1200 0211 baoe 0213 51 10 51 11 204
M 55 ACUTE GRANU, NAGAS 1300 0Olé62 0001 0163 58 D4 59 09 204
M 29 ACUTE LYMPH . NAGH o 1400 0Ql4é nooz 0148 51 10 51 11 204
4 01 ACUTE LYMPH. NAGA . 1300 0143 anoe D145 53 D8 53 10 204
Mo 47 CHRONIC GRANU o NAGA « 1900 0013 oooo 0ol3 61 08B 64 07 204
F 01 ACUTE GRANU. NAGA. 2200 0006 0aoo 0006 65 06 65 07 204
B AT ACUTE GRANU « NAGA . 2500 0002 0000 oooz 57 09 58 05 204
M 15 ACUTE GRANUS NAGA . 2500 0002 0000 0002 55 08 55 12 204
F 35 ACUTE GRANU . NAGA o 2500 0000 0000 0000+ 58 DE 5B 09 204
F 43 ACUTE GRANU. NAGA. 2700 000QC 0000 Q000% b5 08 65 10 204
M 10 CHRONIC GRANU « NAGA . 2700 0000 0000 Q000* 57 D8 60 10 204
M 40 ACUTE GRANUS NAGA 2500 0000 0000 0000% 52 08 52 09 204
M 09 ACUTE GRANU o NAGA 2900 0000 0000 0000%* 63 05 &3 06 204
F 08 ACUTE MOND NAGA. 25900 0000 Qooo 0000 61 11 &2 09 204
F 45 ACUTE MOND NAGA . 3100 0000 0000 0000® 54 02 54 02 204
Mm 35 CHRONIC LYMPH. NAGA . 3500 0000 0000 0000% 60 10 61 04 204
M 49 ACUTE OTHER NAGA o 4600 0000 Q0Do 0000 &85 10 65 12 200
M aT ACUTE LYMPH. NAGA . 8000 0000 0000 ooposx 51 04 51 09 204
F 26 ACUTE LYMPH. MNAGA. NIC NOT IM CITY 60 D3 &3 02 204

# CASES EXPOSED OVER 2,500 ¥ T65 DDSE WAS ASSINED AS (ZERD) TENTATIVELY.
MSQ DISTAMCE : NIC = NOT IN CITY ATB.

OMSET AND DEATH : YR= YEAR, MO= MONTH.

CAUSE OF DEATH : 1CD T7TH.

FOOT NOTE:

E U N



MeF o AGE
NUMBER SEX ATHB

M 29
F 15

F Bl
Mo17

FOOT NODTE: 1
2

3

4

LISTING OF DEFINITE AND PROBABLE LEUKEMIA In MASTER SAMPLE

OCT. 1950 - SEPT. 1956 | ABCC TR 25-69 |
CHRONICITY TYPE OF LOC. M5Q T65 DOSE ONSET
LEUKEMIA LEUKEMIA ATB DIST. GAMMA NEUT. TOTAL YR MO
ACUTE GRANU. NAGA. NIC NOT IN CITY 53 12
ACUTE UNKNOWN  MNAGA. NIC NOT 1IN CITY 52 08
ACUTE LYMPH. NAGA. NIC NOT IN CITY 58 01
ACUTE MOND MNAGA « NIC NOT IN CITY 65 05

# CASES EXPOSED OVER 2,500 M T65 DUSE WAS ASSINED AS
MSQ DISTANCE : NIC = NOT IN CITY ATB.

DMSET AND DEATH : YR= YEAR, MD= MONTH.

CAUSE OF DEATH : ICD 7TH.

49

DEATH
YR MO

54 D1
53 01
59 10

66 06

CAUSE OF
DEATH

204
204
204

204

| ZERO) TENTATIVELY.

36



MoF.
NUMBER 5EX

M

F

FOOT NOTE:

AGE
ATB

a7
09
05

04

T

LISTING OF DEFINITE AND PROBABLE LEUKEM
OTHER THAN OCT. 1950 - SEPT, 1966 |
CHRONICITY TYPE OF LOC. MSQ Té
LEUKEMIA LEUKEMIA ATS DIST. GAMMA
CHRONIC GRANU « NAGA « 0702 NO
ACUTE MOND NAGAS 0900 ND
ACUTE LYMPH. NAGA « 1200 0399
CHRONIC GRANU. NAGA. 0900 0000

% CASES EXPOSED OVER 24500 M T6&5 DOSE WAS
MSQ DISTANGCE : NIC = NOT IN CITY ATB.
ONSET AND DEATH : Y2= YEAR, MO= MONTH.
CAUSE OF DEATH ICD TTH.

50

IA IN MASTER SAMPLE

ABCC TR 25-69 )
5 DOSE ONSET
NEUTe TOTAL YR MO
ESTIMATE 45 02
ESTIMATE 50 07
D004 0403 50 04
0000 Dooo 50 07
ASSINED AS (ZERD)

DEATH
YR MO

51 05
50 10
50 11

51 12

CAUSE
DEATH

204
292
204

204

TENTATIVELY.

OF



