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SUMMARY

The data from the RERF Leukemia Registry for
the years 1946-75 were used to determine the
distribution of onset of acute leukemia and
chronic granulocytic leukemia among atomic
bomb survivors in relation to city, dose, and age
at the time of the bomb (ATB). A total of 509
confirmed leukemia cases (297 in Hiroshima and
212 in Nagasaki) have occurred among A-bomb
survivors in the open populations of these cities
in these years,

Analysis revealed that the onset of both acute
leukemia and chronic granulocytic leukemia
tends to shift to earlier years with increasing
dose in Hiroshima, but in Nagasaki, although the
onset of both types of leukemia was earlier in
the high dose group than in the low dose or
control groups, the latter two groups did
not differ.

The distribution of onset of acute leukemia in
the three dose groups also depended upon age
ATB. While the distribution of onset of acute
leukemia among those survivors whose age ATB
was less than 30 differed significantly in the
three dose classes, this tendency was not observed
among those individuals whose age ATB was 30
years oOI ImmoOre. For chronic granulocytic
leukemia, the onset was shifted to earlier years in
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the high dose group than in the control group
regardless of age ATB in Hiroshima.

These findings support the pattern of leukemo-
genesis observed in A-bomb survivors in the Life
Span Study sample, a fixed cohort, in relation to
city, dose, age ATB, and years after exposure.

INTRODUCTION

The leukemia incidence rate among A-bomb
survivors in the Life Span Study (LSS) sample, a
fixed cohort, has been reported in relation to
dose, age ATB, type of leukemia, and years after
exposure.' The ascertainment of leukemia cases
among A-bomb survivors through the RERF
Leukemia Registry, however, extends beyond
this cohort and includes the open populations of
Hiroshima and Nagasaki. The Leukemia Registry
had identified 1,838 definite and probable
leukemia cases in Hiroshima and Nagasaki by the
end of 1975; of these 509 had developed in
A-bomb survivors during 1946-75 with 297 cases
in Hiroshima and 212 cases in Nagasaki? It
seemed desirable that an analysis be made of the
cases of leukemia developing over the years in the
open populations to contrast with the findings
on the smaller number of cases occurring in the
fixed cohort since October 1950. However, an
analysis of leukemia cases in the open populations
has certain epidemiological limitations (e.g., it is
not possible to examine the risk of leukemia by
dose and city on an annual basis, because the
population at risk is not known reliably). There-
fore, the present analysis is restricted to an
examination of the distribution of year of onset
of acute leukemia and chronic granulocytic
leukemia among A-bomb survivors in relation to
dose, city, and age ATB during 1946-75. It uses
the entire RERF Leukemia Registry to determine
whether the analysis of the distribution of onset
of leukemia among the survivors in the open
populations supports the findings from the cohort
in so far as the risk of radiation-induced leukemia
by dose, city, age ATB, and years after
exposure is concerned.

MATERIALS AND METHODS

The RERF Leukemia Registry is jointly
administered by the Department of Hematology,
Research Institute for Nuclear Medicine and
Biology, Hiroshima University, the Department
of Hematology, Atomic Disease Institute,
Nagasaki University School of Medicine and
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RERF. The procedures followed by the
Leukemia Registry have been described
elsewhere.>* Hematologists confirm  the
diagnosis of leukemia after reviewing the medical
records. The confirmation of all leukemia
diagnoses was abandoned in Hiroshima in 1971,
however, due to a shortage of hematologists; only
cases occurring in the RERF fixed cohort are

presently being confirmed.

The T65 dosimetry system® provides estimates
of gamma and neutron exposure in rad based on
field investigations of the location and shielding
configuration ATB of the survivors. The simple
sum of these exposures constitutes the T65 total
dose. Dose has not yet been calculated for cases
in certain complex shielding situations; their
exposures are designated as “unknown”, as are
the exposures of some survivors on whom
shielding information is incomplete.

The present analysis is concerned with a
comparison of the distribution of time of onset
of acute leukemia and chronic granulocytic
leukemia among A-bomb survivors in the “open
populations of Hiroshima and Nagasaki in three
dose groups (less than 1 rad, 1-99 rad, and 100
rad or more) by 5-year intervals during 1946-75.
The results are given in the form of curves of the
cumulative proportions of the two types of
leukemia developing in each group in relation to
elapsed years after exposure by city and calendar
intervals. Each curve begins at zero in 1945 and
reaches 100% in 1975. Cumulative proportion
curves over the years are compared by city, dose
group, and age ATB category. The graphical
comparisons are supplemented with nonpara-
metric rank tests® for difference of the median
years between exposure and onset by dose and
type of leukemia.

RESULTS

Distribution of Leukemia among A-bomb
Survivors, by City, Dose and Major Type of
Leukemia, 1946-75

Table 1 shows the distribution of the registered
leukemia cases among A-bomb survivors with
onset between 1946-75 by city, dose, and three
major types of leukemia. In Hiroshima, there
were 198 cases of acute leukemia and 99 cases of
chronic granulocytic leukemia. The proportions
of chronic granulocytic leukemia were 21.8%
among survivors exposed to less than 1 rad,
43.2% among those exposed to 1-99 rad, and
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TABLE 1 DISTRIBUTION OF LEUKEMIA AMONG A-BOMB SURVIVORS
IN THE LEUKEMIA REGISTRIES, BY CITY, DOSE, & TYPE OF LEUKEMIA, 1946-75
#1 BMBES KT HREAQMRBRD
s, M, AmFHAHERE. 1946— 755

T65 Dose in Rad

Type of Leukemia Total
S| 100+ Unknown
Hiroshima
Acute 79 59 10 198
( 78.2) ( 56.8) ( 66.3) ( 52.6) ( 66.7)
Chronic granulocy tic 22 30 9 99
( 21.8) ( 43.2) ( 33.7) (47.4) ( 33.3)
Total 101 89 19 297
(100.0) (100.0) (100.0) (100.0) (100.0)
Nagasaki
Acute 97 39 9 170
( 80.2) ( 78.1) ( 83.0) ( 75.0) ( 80.2)
Chronic granulocytic 14 7 3 31
( 11.6) ( 21.9) ( 14.9) ( 25.0) ( 14.6)
Chronic lymphocytic 10 1 0 11
( 8.3) ( 0.0) ( 2.1 ( 0.0) ( 5.2)
Total 121 47 12 212
(100.0) (100.0) (100.0) (100.0) (100.0)

% in parentheses ()P %.

33.7% among those exposed to 100 rad or more.
It appears that the proportion of chronic
granulocytic leukemia was greater among indivi-
duals who received 1 rad or more. In Nagasaki,
there were 170 cases of acute leukemia, 31 of
chronic granulocytic leukemia, and 11 of chronic
lymphocytic leukemia. It seems that only acute
leukemia and chronic granulocytic leukemia were
induced by exposure to ionizing radiation from
the bombs. The proportion of chronic leukemia
was not statistically significantly different, how-
ever, among Nagasaki survivors in the three dose
groups. There was only one chronic lymphocytic
leukemia case among individuals who received
1 rad or more in Nagasaki.

Distribution of Acute Leukemia and Chronic
Granulocytic Leukemia among A-bomb Survivors,
by City, Dose, and Onset, 1946-75

The distribution of acute leukemia and chronic
granulocytic leukemia among A-bomb survivors
in the Registry for the period 1946-75 by city,
dose, and onset (in S-year intervals) is shown in
Table 2 and Figures 1 and 2. The incidence of
acute leukemia among survivors who received
100 rad or more reached its peak during 1951-55
in Hiroshima and Nagasaki, and has gradually
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TABLE 2 DISTRIBUTION OF ONSET OF ACUTE LEUKEMIA & CHRONIC GRANULOCYTIC LEUKEMIA
AMONG A-BOMB SURVIVORS IN THE LEUKEMIA REGISTRIES BY CITY, DOSE, & YEAR OT ONSET
(5-YEAR INTERVALS), 1946-75

#2

P 2 02 D < R 0 Bk B LT & 8 R R B A D JE AR IRE I O 4 A

#heial, SEN, FEEEED (5 FEHEE). 1946—T754F

Year of Onset

T65 Dose in Rad Total
1946-50 1951-55 1956-60 1961-65 1966-70 1971-75
Hiroshima

Acute Leukemia
Unknown 2 1 2 2 1 2 10
100+ 11 17 14 6 8 3 59
1-99 6 9 12 8 4 11 50
<1 4 11 21 19 13 11 79
Total 23 38 49 35 26 27 198
Test of significance® x? [10] = 20.96 01 <P<.05

Chronic Granulocytic Leukemia
Unknown 2 2 3 2 0 0 9
100+ 9 14 2 1 1 3 30
1-99 5 14 7 9 3 0 38
<1 2 1 6 3 6 4 22
Total 18 31 18 15 10 7y 99
Test of significance* x? [10] = 32.88 P <.001

Nagasaki

Acute Leukemia .-
Unknown 2 1 1 2 2 1 9
100+ 7 11 7 9 2 3 39
1-99 3 3 3 6 5 5 25
<1 2 20 19 18 13 25 97
Total 14 35 30 35 22 34 170
Test of significance* x? (o] = 20.59 .01 <P <.05

Chronic Granulocytic Leukemia
Unknown 1 1 0 1 0 0 3
100+ 1 5 0 0 0 1 7
1-99 2 0 2 1 0 2 7
<1 2 1 3 2 4 2 14
Total 6 7 5 4 4 5 31
Test of significance® x? [10] =19.00 01 <P <.05

Three dose groups (<1, 1-99 and 100+rad) and six onset periods

SoommEt 1 rad &, 1 —9%rad, 100rad EL L),
declined with time in both cities. In the low dose
region (1-99 rad), the cases were quite uniformly
distributed over time in Hiroshima and Nagasaki.
In the control group (less than 1 rad), the number
of cases was small in the period 1946-50, large in
both cities during 1950-65, and decreased after
1965, especially in Hiroshima. This may reflect
the efficiency of case detection or a change of
population in the area covered by the case
detection program over the years.

For chronic granulocytic leukemia, the peak
incidence was observed during 1951-55 in the
high dose group (100 rad or more) as well as in
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FIGURE 1 DISTRIBUTION OF ONSET OF ACUTE LEUKEMIA AMONG A-BOMB SURVIVORS IN
LEUKEMIA REGISTRIES BY CITY, DOSE, & YEAR OF ONSET (5-YEAR INTERVALS), 1946-75
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the low dose group (1-99 rad) in Hiroshima.
After 1955, the number of cases declined
gradually with time among survivors in Hiroshima
who received less than 100 rad, and more rapidly
among those who received 100 rad or more. In
Nagasaki, the peak incidence was observed in only
the high dose region during 1951-55. There
have been few cases in the control group in the
two cities by S-year intervals.

The cumulative proportions of acute leukemia
and chronic granulocytic leukemia over time
were tabulated by 5-year intervals, city, three
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FIGURE 2 DISTRIBUTION OF ONSET OF CHRONIC GRANULOCYTIC LEUKEMIA AMONG A-BOMB
SURVIVORS IN LEUKEMIA REGISTRIES BY CITY, DOSE, & YEAR OF ONSET (5-YEAR INTERVALS), 1946-75
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dose groups, and two types of leukemia (Figure
3). For acute leukemia, in Hiroshima the high
dose (100 rad or more) curve was to the left of
the low dose (1-99 rad) and the latfer curve was
to the left of the control group (less than 1 rad)
curve. In Nagasaki, the high dose curve was to
the left of both the low dose and control group
curves which differed little. For chronic
granulocytic leukemia, the shape of the curves of
cumulative proportions over time by city and
three dose groups was identical with those
observed for acute leukemia.

Cumulative Proportions of Incidence over Time
of Acute Leukemia and Chronic Granulocytic
Leukemia by City, Dose, and Age ATB

The cumulative proportions of incidence of acute
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FIGURE 3 CUMULATIVE PROPORTIONS OVER TIME OF ACUTE LEUKEMIA & CHRONIC GRANULOCYTIC
LEUKEMIA INCIDENCE AMONG A-BOMB SURVIVORS IN LEUKEMIA REGISTRIES BY CITY, & DOSE, 1946-75
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leukemia over time were tabulated by S5-year

intervals, city, dose, and four age ATB
categories (<15, 15-29, 3044, and 45+) in
Figure 4. In both Hiroshima and Nagasaki the

high dose curve was to the left of the low dose or
control curves for those survivors whose age ATB
was less than 30. However, the curves of the
three dose groups where the age ATB was 30-44
and 45 or more were very similar.

Figure 5 shows the cumulative proportions of
incidence over time for chronic granulocytic
leukemia tabulated by S5-year intervals, city,
dose, and three age ATB groups (<15, 15-29,
and 30+). In Hiroshima, the curves were more to
the left the higher the dose at all ages ATB. In
Nagasaki, the curve of the high dose group was
to the left of those for the low dose or control
groups which behaved inconsistently.

Table 3 and 4 indicate the median for year and
month of onset of acute leukemia and chronic
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FIGURE 4 CUMULATIVE PROPORTIONS OVER TIME OF ACUTE LEUKEMIA INCIDENCE AMONG A-BOMB
SURVIVORS IN LEUKEMIA REGISTRIES BY CITY, DOSE, & AGE ATB, 1946-75
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FIGURE S CUMULATIVE PROPORTIONS OVER TIME OF CHRONIC GRANULOCYTIC LEUKEMIA INCIDENCE
AMONG A-BOMB SURVIVORS IN LEUKEMIA REGISTRIES BY CITY, DOSE, & AGE ATB, 1946-75
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granulocytic leukemia, respectively, by city, age
ATB, and three dose groups. For acute leukemia,
the median was statistically significantly earlier
in the high dose group than in both the low dose
and control groups for individuals whose age
was less than 30 ATB in both Hiroshima and
Nagasaki, but was not statistically different
among dose groups for individuals whose age
ATB was 30 or more in either city. For
chronic granulocytic leukemia, the median was
significantly earlier or suggestively so with dose
for individuals whose age ATB was 15-29 and
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TABLE 3 MEDIAN ONSET OF ACUTE LEUKEMIA AMONG A-BOMB SURVIVORS
BY CITY, AGE ATB, & DOSE, 1946-75
%3 EBEOLMEAMFORFEEAO PR

i, RBEFERT, ZEN. 1946755
Hiroshima Nagasaki
Age ATB T65 Dose in Rad
No. Median No. Median
<15 100 + 18 March 1952 14 January 1956
1-99 16 January 1957 5 December 1970
<1 20 March 1959 27 May 1963
Total 54 July 1955 46 July 1961
(H=8.76 .01 <P <.05) (H=6.38 .01 <P <.05)
15-29 100 + 20 July 1953 16 March 1954
199 12 May 1962 10 July 1959
<1 18 January 1966 22 July 1964
Total 50 December 1960 48 September 1959
(H=8.56 .01 <P <.05) (H=8.98 .01 <P <.05)
30-44 100+ 14 March 1961 6 March 1964
1-99 16 May 1962 7 August 1965
<1 25 June 1963 27 November 1961
Total 55 April 1962 40 November 1963
(H=1.84 P> .10) (H=.25 P> .10)
45 + 100+ 7 August 1962 3 April 1958
1-99 6 May 1962 3 November 1965
<1 16 April 1959 21 January 1961
Total 29 January 1961 27 January 1961
(H=1.86 P >.10) (H=.23 P> .10)
Total 100 + 59 February 1957 39 November 1957
1-99 50 July 1960 25 June 1965
<1 79 February 1962 97 November 1961
Total 188 August 1959 161 July 1961

(H=13.69 .001 <P < .01) (H=13.33.001 <P <.01)

Cases with unknown dose are excluded. WRTHIZE -,
Nonparametric rank test (Kruskal-Wallis 1631)6 in parentheses
()R 2 2285 2 F Y o Z MR RE (Kruskal- Wallis o= ¢ ).

L]
(3 J50 BRI A e 158 A i 0D & T P e NS A R L (L R
st b bR BB LB A 21
ELTIL, IRBOBME DT O DA
DEMEELICTABIZR o7,

30 or more in Hiroshima, and whose age ATB
was less than 15 in Nagasaki. As a whole, the
median was significantly earlier with increasing
dose in only Hiroshima survivors.

Table 5 shows the median for year and month of
onset of acute granulocytic leukemia, acute
lymphocytic leukemia, acute leukemia other
type, and chronic granulocytic leukemia among
those who received 100 rad or more for three
age ATB groups. According to Kruskal-Wallis
rank test,® there was no statistically significant
difference in the distribution of onset for the
types of leukemia and three age ATB groups. The

£51213, =0 0FBIFEREENIZ100rad UL k&
ZUH-FORERMEQLK, S » /A,
tofEomBogEAnE, BEAEEALRO
EEEHODpRFHLRL 7~. Kruskal £ Wallis ®
BRES 12&k 58, AMBEHEEE => 0 BB ER
HIoVTHLERFEHOSAICBRIAMAEES

appendix contains the distribution of cases by
S-year interval, city, dose, type of leukemia, and
age ATB as presented in Figures 4 and 5.
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TABLE 4 MEDIAN ONSET OF CHRONIC GRANULOCYTIC LEUKEMIA
AMONG A-BOMB SURVIVORS BY CITY, AGE ATB, & DOSE, 1946-75

F4 WREBOMEEREA MR OREREH O R
WM, BB ERY, S5, 1946— 754
Hiroshima Nagasaki
Age ATB T65 Dose in Rad
No. Median Median
<15 100 + 5 November 1954 February 1955
1-99 4 May 1960 October 1953
<1 5 July 1961 August 1964
Total 14 February 1959 August 1957
(H=2.95 P>.10) 05 <P <.10)
15-29 100 + 12 August 1951 August 1952
1-99 11 May 1956 July 1971
<1 4 August 1964 August 1961
Total 27 June 1953 November 1957
(H=6.44 .01 <P < .05) P> .10)
30 + 100 + 13 December 1952 January 1954
1-99 23 May 1955 Tanuary 1967
| 13 March 1962 February 1965
Total 49 July 1955 April 1963
(H=5.48 05 <P<.10) P> .10)
Total 100 + 30 September 1952 January 1954
1-99 38 November 1955 August 1957
<1 22 December 1961 November 1964
Total - 790 November 1955 November 1957
(H=15.19 P <.001) P>.10)

See footnote Table 3 Wik #3312 L.

TABLE 5 MEDIAN ONSET OF LEUKEMIA CASES WHO RECEIVED 100 RAD OR MORE

AMONG A-BOMB SURVIVORS, HIROSHIMA & NAGASAKI,
BY FOUR MAJOR TYPES OF LEUKEMIA & AGE ATB, 1946-75

100rad Ll F#-F 1208 - BBoFBEQMBEOEREER O LE:
W o AamEmRL, EREEEm.

1946—T7514F

No. of Cases

Median

Kruskal-Wallis Test®
df =2

Acute Leukemia, Other Type

Acute Granulocytic Leukemia

Acute Lymphocytic Leukemia

Chronic Granulocytic Leukemia

December 1963
September 1953
January 1962
May 1959

February 1952
August 1951
August 1962
June 1952

July 1954
October 1957
October 1959
April 1958

November 1954
September 1951
December 1952

January 1953

H=5.84
05 <P <.10

H=4.60
P> .10

H=2.92
P>.10

H=12.38
P> .10




DISCUSSION

It has been reported that examination of the
distribution of time of death from leukemia in
mice after irradiation revealed an earlier mean
time of death with increasing dose.”” Among
humans, however, the latent period of radiation-
induced leukemia has been found to be affected
by various factors. According to Court Brown
and Doll'® who studied the mortality from
leukemia among individuals receiving radio-
therapy for ankylosing spondylitis in relation to
the period after irradiation, the peak in excess
leukemia deaths was observed 3-5 years after
exposure, while the peak incidence of leukemia
among A-bomb survivors who received 1 rad or
more was observed 5 or 6 years after exposure in
both Hiroshima and Nagasaki.!'! The difference
of the peak between two instances may be due to
the difference of average dose.

A rigorous analysis of the leukemia data on the
open populations of Hiroshima and Nagasaki,
insofar as radiation-induced leukemia is concern-
ed, is compromised by our present inability to
determine the population at risk by dose .and
city over the years. Moreover, the area covered
by the ABCC-RERF Leukemia Registry has
expanded to surrounding areas with the re-
construction and annexation in each city and
improvement of medical care with time. Thus,
the entire Leukemia Registry is of limited value
in evaluating the pattern of onset of radiation-
related leukemia.

Based on the material of Bizzozero et al,'* Land
and Norman'? reported the distribution of onset
of acute leukemia and chronic granulocytic
leukemia in the entire Leukemia Registry,
Hiroshima and Nagasaki, in the years 1946-64
for two exposure distance groups (less than
1,500 m and between 1,500 and 9,999 m). They
found the onset of acute leukemia in the
proximally exposed to be earlier than in the
distally exposed survivors who were less than 20
years age ATB, but the relationship was reversed
for survivors who were 50 or older age ATB. The
onset of chronic granulocytic leukemia appeared
earlier in proximally exposed cases than in
distally exposed cases regardless of age ATB.

They aslo compared the age-weighted average of
onset times between high dose and low dose
cases in the LSS fixed cohort in the years
1950-71. They concluded that radiogenic
leukemias occurred earlier than so-called

13
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spontaneous leukemias among members of the
same age cohort, but they were uncertain
whether dose had a different effect on the latent
period among radiogenic leukemias. Their
analysis did not provide for possible city dif-
ferences and different levels of dose effect with
respect to the distribution of onset of leukemia
among A-bomb survivors. It is known that the
quality of radiation of the A-bombs differs
between the two cities and that the total dose is
greater in Nagasaki than in Hiroshima at the
same distance from the hypocenter.® There is
suggestive evidence that the pattern of disap-
pearance of radiation-induced leukemia among
A-bomb survivors in the high dose group differs
by city, age ATB, and type of leukemia.'* It was
desirable, therefore, to examine the distribution
of onset of leukemia among A-bomb survivors in
relation to city, dose, age ATB, and type of
leukemia. The present analysis assumes that
there has been no bias in the in- and out-
migration or in ascertainment of case findings
among A-bomb survivors by city, dose and age
ATB over the years, but this may not be so.

The analysis showed that during 1946-75 the
cumulative distributions of onset for both acute
leukemia and chronic granulocytic leukemia were
shifted to earlier years with increasing dose and
the median for year and month of onset was
significantly earlier as dose increases in Hiroshima
survivors. In Nagasaki, however, the cumulative
distributions of onset for both types of leukemia
were shifted to the earlier side in the high dose
group than in the low dose and less than 1 rad
groups, and the latter two groups did not differ.
The median for year and month of onset of
acute leukemia was significantly earlier in the
high dose than in the low dose and less than 1 rad
groups; there were no significant differences in
the onset of chronic granulocytic leukemia among
the three dose classes. These observations based
on the entire Leukemia Registry generally
support the findings in the fixed cohort. The
excess risk of both types of leukemia in the
cohort appeared to increase with dose in
Hiroshima survivors, but no excess risk was seen
for either type of leukemia in the low dose
region in Nagasaki survivors.

Examination of the cumulative distribution and
the median onset for acute leukemia by dose
and age ATB revealed a tendency for an earlier
onset in survivors whose age ATB was less than
30 in the high dose group than in the low dose
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and control groups in both cities. No difference
among dose groups in the distribution of onset
emerged in either city among survivors whose age
ATB was 30 or more. However, a significant
excess risk of acute leukemia in the high dose
group was demonstrated and it still persists in
the older age ATB groups in the cohort through
1978."* For chronic granulocytic leukemia, the
cumulative distribution and median onset revealed
the onset to be earlier with dose regardless of
age ATB in Hiroshima survivors, but the same
tendency was not observed in Nagasaki survivors,
perhaps, due to the small number of cases.

As we have stated, the leukemia data based on
the open populations of Hiroshima and Nagasaki
are of limited value in the assessment of the
latent period for radiation-induced leukemia in
relation to dose. However, the present analysis
showed that the distribution of onset among
these cases depends upon city, dose, type of
leukemia, and age ATB. A significantly shorter
interval between exposure and onset was observed
among the high dose group where an excess risk
has been indicated in the cohort analysis, except
for acute leukemia among those whose age ATB
was 30 or more. This exception probably stems
from the persistent excess risk of leukemia in
these age groups in the present study period.
Geographic differences in chronic lymphocytic
leukemia between Hiroshima and Nagasaki have
previously been reported.!’
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APPENDIX 1

DISTRIBUTION OF ONSET OF ACUTE LEUKEMIA & CHRONIC GRANULOCYTIC LEUKEMIA
AMONG A-BOMB SURVIVORS IN LEUKEMIA REGISTRY BY CITY, DOSE, AGE ATB,

& YEAR OF ONSET (%_}YggARIINTERVALS). 1946-75

s, BN, FEREFEM, REEEDN (5 EME). 1946— 754

Hiroshima Nagasaki
Age ATB Year of Onset Total Dose in Rad Total Dose in Rad
<1 1-99 100 + <1 199 100 +
Acute Leukemia
<15 1946-50 1( 5.0 5313 6( 33.3) 1( 3.7 1( 20.0) 3(21.4)
1951-55 5( 30.0) 3(50.00 8(77.8) 6(259 0(20.0 4( 500
1956-60 5(550) 4(75.0) 3(944) 5(444) 0(20.00 2(64.3)
1961-65 6( 85.0) 3( 93.8) 0(944) 4( 59.3) 1( 40.0) 4( 92.9)
1966-70 3 (100.0) 0( 93.8 1(100.0) 4( 74.1) 1( 60.0) 0( 92.9)
1971-75 0 (100.0) 1 (100.0) 0 (100.0) 7 (100.0) 2 (100.0) 1 (100.0)
Total 20(100.0) 16(100.0) 18(100.0) 27 (100.0) 5(100.0) 14 (100.0)
15-29 1946-50 1( 5.6) 1( 8.3) 5(25.0) 0( 0.0 1( 10.0) 4(25.0)
1951-55 2( 16.7) 1( 16.7) 7( 60.0) 4( 18.2) 2( 30.0) 5( 56.3)
1956-60 3( 33.3) 3(41.7) 3( 75.0) 4( 364) 2( 5000 3( 75.0)
196165 3(50.0) 2(583) 2(850)0 4(545) 2( 700 3(93.8)
1966-70 6(83.3) 3(833) 3(100.0) 3(682 2(9.0 0(938)
1971-75 3(100.0r 2(100.0) 0 (100.0) 7 (100.0) 1 (100.0) 1(100.0)
Total 18 (100.0) 12(100.0) 20(100.0) 22(100.0) 10(100.0) 16 (100.0)
3044 1946-50 0(C 0.0) O(C 00) O( 000 O( 000 O0( 00) O( 00
1951-55 3( 12.0) 3( 18.8) 2( 143) 6( 22.2) 1( 14.3) 1(16.7)
1956-60 6( 36.0) 5( 50.0) 6(57.1) 5( 40.7) 1( 28.6) 1( 33.3)
1961-65 6 ( 60.0) 1( 56.3) 2(714) 5(59.3) 2( 57.1) 2( 66.7)
1966-70 4( 76.0) 1( 62.5) 2( 85.7) 4( 74.1) 1(71.4) 1( 83.3)
1971-75 6 (100.0) 6 (100.0) 2 (100.0) 7 (100.0) 2 (100.0) 1 (100.0)
Total 25(100.0) 16 (100.0) 14(100.0) 27(100.0) 7(100.0) 6 (100.0)
45 + 1946-50 2( 12.5) 0( 0.0) 0( 0.0) 1( 4.8) 1( 33.3) 0( 0.0)
1951-55 1( 18.8) 2( 33.3) 0( 0.0 4( 23.8) 0( 33.3) 1( 33.3)
1956-60 7( 62.5) 0( 33.3) 2( 28.6) 5( 47.6) 0( 33.3) 1( 66.7)
1961-65 4( 87.5) 2( 66.7) 2( 57.1) 5(714) 1( 66.7) 0( 66.7)
1966-70 0( 87.5) 0( 66.7) 2( 85.7) 2( 81.0) 1 (100.0) 1(100.0)
1971-75 2 (100.0) 2 (100.0) 1 (100.0) 4 (100.0) 0 (100.0) 0 (100.0)
Total 16 (100.0) 6 (100.0)  7(100.0) 21(100.0) 3 (100.0) 3 (100.0)
Chronic Granuloeytic Leukemia
<15 1946-50 0( 0.0) 0( 0.0 1( 25.0) 1( 14.3) 2( 50.0) 0( 0.0)
1951-55 0( 0.0) 1( 25.0) 3( 80.0) 0( 14.3) 0( 50.0) 2 (100.0)
1956-60 2( 40.0) 1(50.0) O0(80.0) 2(429 2(100.0) 0(100.0)
1961-65 1( 60.0) 2 (100.0) 0( 80.0) 1(57.1) 0 (100.0) 0 (100.0)
1966-70 2 (100.0) 0 (100.0) 0( 80.0) 3 (100.0) 0 (100.0) 0 (100.0)
1971-75 0(100.0) 0 (100.0) 1 (100.0) 0 (100.0) 0 (100.0) 0 (100.0)
Total 5 (100.0) 4 (100.0) 5 (100.0) 7(100.0) 4 (100.0) 2(100.0)
15-29 1946-50 0( 0.0 2( 18.2) 5( 41.7) 0 0.0 0( 0.0) 1( 20.0)
1951-55 0( 0.0 3(45.5) 5(833) 0( 00) 0O( 0.0 2 ( 60.0)
1956-60 1( 2500 3(72.7) 0( 83.3) 1(5000 0( 00) 0¢(60.0)
1961-65 1( 50.0) 2( 90.9) 1(91.7) 0( 50.0) 0(¢ 0.0) 0( 60.0)
1966-70 1( 75.0) 1 (100.0) 1 (100.0) 1 (100.0) 0( 0.0 0( 60.0)
1971-75 1(100.0) 0 (100.0) 0(100.0) 0 (100.0) 1 (100.0) 2 (100.0)
Total 4 (100.0) 11 (100.0) 12(100.0) 2 (100.0) 1 (100.0) 5 (100.0)
Cumulative proportion (%) in parentheses () NIZRHIEHE(%). =

16
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Appendix 1 Continued {1581 #i%

Hiroshima Nagasaki
Age ATB Year of Onset Total Dose in Rad Total Dose in Rad
<1 1-99 100 + <1 199 100 +

30 +

1946-50 2( 154) 3(13.0) 3( 23 1( 670 0( 00y O0( 0.0
1951-55 1(23.1) 10( 56.5) 6( 69.2) 1(133) 0( 00 1 (100.0)
1956-60 3(46.2) 3(696) 2(846) 3(333) O0( 00) 0(100.0)
1961-65 1(538) 5(91.3) 0(846) 4(600) 1(500) 0(100.0)
1966-70 3(769) 2(100.0) O0(846) 4( 8.7 0(500) 0(100.0)
1971-75 3(100.0) 0(100.00 2(100.0) 2(100.0) 1(100.0) 0(100.0)
Total 13 (100.0) 23(100.0) 13(100.0) 15(100.0) 2(100.0) 1 (100.0)

10.

11,

12.

14.
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