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SUMMARY

The previous RERF incidence report on the
leukemogenic effect of radiation in atomic bomb
survivors was based on leukemia cases detected in
the Life Span Study (LSS) extended cohort
through 1971. The present analysis extends
these observations through 1978 with the
addition of 53 cases and seeks a better under-
standing of the duration and magnitude of the
risk. The effect of age at the time of the bomb
(ATB) has been reanalyzed based on the
improved dosimetry which stems from the re-
location of the epicenter of the Nagasaki bomb.
A total of 202 leukemia cases have been
identified in the LSS extended cohort of A-bomb
survivors and their controls in Hiroshima and
Nagasaki for the period October 1950-December
1978. As the onset of 13 cases was prior to
October 1950, the present analysis of leukemia
incidence is confined to 189 cases in Hiroshima
and Nagasaki.

The analysis again demonstrates that the risk of
all types of leukemia has increased with dose in
both cities except among individuals who
received less than 100 rad in kerma total dose in
Nagasaki. The shape of the dose-response
curve is different in the two cities and between
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the two major types of leukemia (acute leukemia
and chronic granulocytic leukemia), though the
average marrow total dose is quite similar in each
total kerma dose class in the two cities. The
present findings are quite consistent with those
described in the previous report.

The excess risk among survivors who received
100 rad or more kerma total dose has gradually
declined with years after exposure in both cities.
It had disappeared among Nagasaki survivors by
1970 (25 years after exposure) but the risk was
still high even after 1970 among exposed
survivors in Hiroshima who were 30 years of age
or older ATB. The leukemogenic effect of
radiation differs in relation to dose, age ATB,
and duration after exposure between Hiroshima
and Nagasaki survivors. The analysis has again
supported previous observations that the
leukemogenic effect of radiation in those indivi-
duals exposed at younger ages ATB was greater
in the early postbomb period and declined more
rapidly in subsequent years, while the effect in
older individuals ATB appeared later and
persisted longer. It is probable that the excess
risk among those survivors exposed to 100 rad or
more kerma total dose will disappear from this
cohort in the near future.

INTRODUCTION

Evidence on radiation carcinogenesis in man has
increased through studies of A-bomb survivors in
Hiroshima and Nagasaki and individuals who
received medical X-ray or were occupationally
exposed to ionizing radiation.'"?

Reports from ABCC-RERF and the Hiroshima
and Nagasaki University Medical Schools have
appeared periodically since 1952 on the
leukemogenic effect of radiation in Hiroshima
and Nagasaki A-bomb survivors.>™ The previous
report® from RERF was based on the incidence
of leukemia in a fixed cohort of A-bomb
survivors and their controls in Hiroshima and
Nagasaki through 1971.

The present report extends these observations to
1978 with the ascertainment of 53 additional
cases in the subsequent seven years of follow-up
observation. In addition, a revised dosimetry
(T65DR) has become available for use based on
the relocation of the epicenter of the Nagasaki
A-bomb recommended by Kerr and Solomon.!®
These two factors have prompted the authors to
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reappraise the magnitude of the leukemogenic
effect, the dose-response relationship, and the
influence of age on the excess risk over time in
each city.

MATERIALS AND METHODS

The LSS extended sample!! which is the basis of
this report consists of about 109,000 subjects, of
whom 82,000 are A-bomb survivors and 27,000
were not in either city (NIC) ATB. The
estimates of individuals exposure dose in
Nagasaki employed in this report are based on
the relocated epicenter.'® The RERF Department
of Epidemiology and Statistics has calculated
anew the exposure doses of the individuals in
this sample in both Hiroshima and Nagasaki by a
standardized rounding procedure. If the kerma
total dose for a survivor was calculated to be
600 rad or more, in order to avoid distortion
arising from probable erroneous estimates,'? in
Hiroshima the gamma dose for that survivor was
arbitrarily set at 439 rad and the neutron dose at
161 rad, while in Nagasaki the gamma dose was
set at 587 rad and the neutron dose at 13 rad.
There were 205 such cases in Hiroshima and 160
in Nagasaki. This decision grew out of 2 Case-by-
case reexamination of the improbably high
estimates not compatible with survival. The
individual bone marrow doses were calculated,
using Kerr's proposed formulas’® for bone
marrow dose/kerma dose conversion factors for
Japanese A-bomb survivors.

It should be noted that a degree of uncertainty
still surrounds both the quantity and the quality
of radiation released by these two nuclear
devices. Some recent estimates'® suggest that the
kerma total dose is somewhat higher in Hiroshima
and somewhat lower in Nagasaki than T65DR
presumes. This would presumably reduce to
some degree the apparent city differences in the
present analysis of leukemia incidence data using
T65DR.

Ascertainment of leukemia cases is almost
complete in the fixed cohort of A-bomb survivors
and their controls comprising the LSS extended
sample in Hiroshima and Nagasaki. Case detection
is based on the ABCC-RERF Leukemia Registry
which screens information from various sources.
For all reported cases confirmation of diagnosis
is made by hematologists after obtaining pertinent
clinical records and hematologic materials. The
registration procedure requires confirmation of
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TABLLE 1 DISTRIBUTION OF LSS EXTENDED SAMPLE AND AVERAGE MARROW DOSE
(GAMMA, NEUTRON, & TOTAL) BY CITY & TOTAL KERMA DOSE
#1 BEEREAMNREMETHNMSaR (Freai, PHEFRE 2810
6% BHARUCA—vE8RN

Total Kerma Dose

Average Marrow Dose (rad)

(rad) Subjects %
Gamma Neutron Total
Hiroshima
Unknown ? ? ? 1429 1.7
400-600 225.0 39.1 264.1 510 0.6
200-399 122.6 19.5 1421 1028 1.3
100-199 62.8 8.6 714 1740 2.1
50- 99 32.6 39 36.5 2783 34
1- 49 5:1 0.6 5.7 26844 32.7
<1 0.0 0.0 0.0 27577 336
NIC - - - 20170* 24.6
Total 82081 100.0
Nagasaki
Unknown ? ? ? 957 6
400-600 291.0 33 294.3 377 1.4
200-399 149.6 1.3 150.9 992 3.7
100-199 81.3 0.6 81.9 1388 52
50- 99 39% 0.0 39.6 1442 54
1- 49 56 0.0 5.6 11171 41.9
<1 0.0 0.0 0.0 4004 15.0
NIC - - - 6348 23.8
Total 26679 100.0
*Selected in 1950, 1951, & 1953. 1950¢F., 19511F, 1953%F (2 ek

the diagnosis on every possible case of leukemia
even among those individuals who died outside of
Hiroshima or Nagasaki cities. The procedures
for the diagnostic review and registration of
leukemia cases have been described elsewhere.'s
By the end of November 1979, review of all
possible leukemia cases reported through the
end of December 1978 was completed. Leuko-
sarcoma was excluded from the present analysis,
Among the 109,000 individuals in the LSS
extended sample, 202 developed leukemia with
onset before the end of December 1978. Of
these, in 13 cases onset was before 1 October
1950 and thus the present analysis of incidence
is confined to 189 cases compared to 136 cases
in the previous report.®

Table 1 shows the distribution of the LSS
extended sample by average marrow dose (gamma
rays, neutrons, and total), city, and kerma total
dose classification. Hiroshima survivors were
exposed to mixed gamma and neutron radiation
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TABLE 2 CRUDE ANNUAL INCIDENCE RATE OF LEUKEMIA IN LSS EXTENDED SAMPLE
BY CITY, TYPE OF LEUKEMIA, & DOSE, OCTOBER 1950-DECEMBER 1978

#z2

HaoRAELAMNREAoRABEEMBER: il
S . 19504E108 —19784£12H

R R B U

Total Kerma Dose

Incidence Rate of Leukemia (107%)

Average Marrow

Person-years

(rad) Total Dose (rad) AGate Gr{_;:ruciglc(;ﬁc All Types
Hiroshima
Unknown ? 33651 89( 3) 59( 2) 149( 5)
400-600 264 12088 99.3( 12) 165( 2) 115.8 ( 14)
200-399 142 24748 404 ( 10) 364(9) 768 ( 19)
100-199 71 41273 26.7( 11) 73(3) 33.9( 14)
50- 99 37 66441 9.0( 6) T5( 5) 16.6 ( 11)
1- 49 6 648409 34(22) 26(17) 6.0 ( 39)
<1 0 664462 4.5 ( 30) 1.2(8) 5.7 ( 38)
NIC - 467781 7. 8) 0.2(1) 1.9(¢( 9)
Total 1958853 5.2 (102) 2.4 (47) 7.6 (149)
Nagasaki
Unknown 7 23088 430 1) 0.0( 0) 43( 1)
400-600 295 8885 675( 6) 11.3¢ 1) 788( T
200-399 151 25084 219( 1 40( 1) 319( 8)
100-199 82 35021 114( 4) 00( 0) 114( 4)
50- 99 40 .- 36060 0.0¢ 0) 0.0(0) 0.0( 0)
1- 49 6 273013 29( 8) 1.5(4) 44(12)
<1 0 98931 20¢ 2) 0.0(0) 20( 3%
NIC - 158419 32( 5) 00(0) 32( 35)
Total 658501 5.0( 33) 09( 6) 6.1 ( 40)

Number of cases in parentheses

() P16 2T

*One case of chronic lymphocytic leukemia included #1E" > SHififiwi 1l HE S U

in every kerma

Nagasaki

total dose category, while
survivors

received little neutron

NDH—TEBRMEFTH =B EePETHORE

exposure in the low dose categories and signifi-
cant but still small neutron exposure in the high
dose categories,

RESULTS

Annual Incidence Rate of Leukemia by Dose,
City, and Type of Leukemia

Table 2 and Figure 1 show the crude annual
incidence rate in the LSS extended sample
during 1950-78 by dose, city, and two major
types of leukemia. Note, first, that the risk of
all types of leukemia increases with dose in both
cities, except for Nagasaki survivors who received
less than 100 rad in kerma total dose. Second,
the risk of chronic granulocytic leukemia
increases among individuals who received less
than 50 rad in kerma total dose in Hiroshima, but
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FIGURE | CRUDE ANNUAL INCIDENCE RATE OF LEUKEMIA AMONG A-BOMB SURVIVORS IN
LSS EXTENDED SAMPLE BY MARROW TOTAL DOSE, CITY, AND TYPE OF LEUKEMIA, 1950-78
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in Nagasaki the risk is significantly increased
only among survivors who received 200 rad or
more in kerma total dose. In summary, the
shape of the dose-response curves is different
between the two cities and for the two major
types of leukemia. Although the radiation dose
was calculated anew for Nagasaki survivors, the
findings are quite similar to those given in the
previous rep ort$

Annual Incidence Rate of All Types of Leukemia
by Dose, City, Age ATB, and Period

Table 3 gives the standardized annual incidence
rate adjusted for age ATB and the age ATB
specific annual incidence rate for three dose
classes, the two cities, and six periods. The
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TABLE 3 AGE ATB SPECIFIC ANNUAL INCIDENCE RATE (PER 100,000) FOR ALL TYPES OF LEUKEMIA
IN LSS EXTENDED SAMPLE BY CITY, DOSE, & PERIOD (5-YEAR INTERVALS),
OCTOBER 1950-DECEMBER 1978

#3

BEFREAH AU S 3 2MEANMOFBFERMIC L2

TEPR M 343 (100,000 A 3522 0 ) = #0iti, AR UIBIS (5 EEM) .
19504£ 10 — 19784512 /]

Kerma Dose & Periodl
(Average Marrow Age ATB
Total Dose) Oct. 1950-  Oct. 1955-  Oct. 1960 Oct. 1965+  Oct. 1970-  Oct. 1975~ oo
Sep. 1955  Sep. 1960  Sep. 1965  Sep. 1970 Sep. 1975  Dec, 1978
Hiroshima
100 + <15 190.7( 7) §5.3( 2) 0.0( 0) 0.0( 0) 289 ( 1) 0.0( 0) 498 (10)
(123.5) 15-29 149.1¢ 7) 43.2( 2) 44.0( 2) 448( 2) 23.1(¢ 1) 0.0(0) 55.2 (14)
3044  99.3(4) 77.(3) 270(1) 862(3) 1256(4) 00(0) 74.6(15)
45 + 00( 0) 100.1( 3) 409( 1) 109.7( 2) 829( 1) 1925¢( 1) 63.7( 8)
Total 112.8 (18) 66.1 (10) 28.1( 4) S2.7( 7 57T4(7) 13.7( 1) 60.2 (47)
Rate* 109.8 68.9 28.0 60.2 65.1 48.1 60.8
1-99 <15 49(2) 74(3) 50(2 00(0) 25(1) 00(0) 35(8)
( 8.6) 15-29 301D 0.0( 0 21(3) 30 (D 63(2) 149( 3) 54(10)
3044 8.6( 3) 8.9( 3) 6.2(2) 6.5(2) 246(7) 11.8( 2) 10.8 (19)
45+ 140(5) 66(2) 124(3) 00(0) 151(2) 165(1) 102(13)
Total 7.6 (1D 58( 8) 7.7 (10) 25(3) 10.6 (12) 8.7( 6) 7.0 (50)
Rate 7.6 5.7 8.2 24 121 10.8 7.5
Control <15 0.0( ) F:0:( 2) 0.0¢ 0) 3.0( 2) 1.5 (1) 24( 1) 1.6 ( 6)
( 0.0y 15-29 6.1( 3 1.8 ( 4) 1.8( 1) T4 (4) 5.7( 93 3oCn 4.3 (13)
3044 240 0 7.3(4) 38 (2) 6.0( 3) 15.1( 7 18.0( 5) 7.9(22)
45 + 2368 4.3(2) 27( D 0.0( O 92.6( 2) 0.0( 0) 3.2( 6)
Total 250 35) 40(9) 19( 4) 45(9) 7.0 (13) 6.2( 7 4.2(47)
Rate 2.6 4.1 2.1 4.1 8.0 59 43
Nagasaki
100 + <15 129.1 ( 5) 52.5( 2) 00(0) 00(0) 00(0) 0.0( 0) 329( 7
(135.6) 15-29 746 ( 4) 189( 1) 383(2) 0.0( 0 0.0(0) 0.0(C 0 20(7)
3044 406( 1D 427( 1) 450 0.0( O) 00(0) 00(0) 248( 3)
45 + 0.0C 0) 659( 1) 00(0) 1068( 1) 0.0(0) 0.0¢ 0) 31.0( 2)
Total 74.2 (10) 386 ( 5) 241( 3 84(1) 0.0C 0) 0.0( 0) 27.5(19)
Rate 61.1 45.0 208 26.7 0.0 0.0 28.2
1-99 < 15 0.0( O 44( 1) 44(1) 0.0¢ 0) 45(1) 0.0( 0) 23(3)
¢ "95) 15-29 6.4(1) 65( 1) 0.0( 0) 68( 1) 13.8( 2) 00( 0) 59/(:5)
30-44 0.0(C 0 0.0( O 0.0(0) 103¢( 1) 0.0( 0) 00(0) 1.8( 1)
45 + 0.0C 0) 0.0¢ 0) 13.1( 1) 178( 1) 260( 1) 0.0( 0) 7.5( 3)
Total 1.6( 1) 34(2) 3.6(2) &30 3) 8.1( 4) 00O 39(12)
Rate 1.6 .5 4.4 8.7 11:1 0.0 4.4
Control <15 0.0(0) 0.0( 0) S9{ 1) 00(0) 0.0(0) 0.0(¢ 0) 1.0 1)
( 0.0 15-29 00(0) 0.0( 0 6.7(1) 0.0(0) 00(0) 0.0( 0) 1.2¢( 1)
3044 0.0( 0) 0.0(0) 00(0) 233( 2) 255(2) 00(0) 80(4)
45+ 00( 0O 149( 1) 0.0 0) 00( 0) 357( 1) 00( 0 7.1( 2)
Total 00( O 21(¢ 1) 43(2) 45(2) 7.2( 3) 00(0) 3.1(8)
Rate 0.0 37 32 58 153 0.0 4.3

Number of cases in parentheses () N2 EF.
*Rate = Standardized annual incidence rate adjusted for age ATB $'%:#¥: K¥isER & M L 2 BRI EMRESE

Standard population = 10,000 population for each age ATB category. VWM : # KIEREEMEE Y 22 0 A 110,000 4.
Control = 0 rad & NIC #Mi: Orad EAIHFT N
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FIGURE 2 STANDARDIZED ANNUAL INCIDENCE RATE FOR ALL TYPES OF LEUKEMIA IN
LSS EXTENDED SAMPLE BY CITY, DOSE, AND PERIOD, 1950-78
B2 HSHAFEAHNREFACST 32H8 A0 EE{LERMEER:
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average marrow total dose in the high and low
dose calsses is 123.5 rad in Hiroshima and 135.6
rad in Nagasaki among those individuals who
received 100 rad or more in kerma total dose
and 8.6 rad in Hiroshima and 9.5 rad in Nagasaki
among those survivors who received 1-99 rad.
Figure 2 shows the trend of the standardized
annual incidence rate for all types of leukemia
by dose and city. The excess risk in individuals
who received 100 rad or more in kerma total
dose has declined with time after exposure in
both cities. In Hiroshima the downward trend
has been slow and the effect extends to 1978,
but in Nagasaki the excess risk declined sharply
with time after exposure and disappeared by
1970 (25 wyears after exposure), Thus, the
pattern of disappearance of the leukemogenic

Ef it NiSoT B st 5 — < EH 44100
rad L) Lo # T4, K123 .6rad, FE5135.6rad T
HN, 1—9rad ®F T, KE8.6rad, LiI9.5
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TRICEBEHIVAZGERROBHOEB L LS
(CREIZHD L, 1970 (HMBEE) T TIZHEL
oo Lo THBROBMOSAE & L12, AN
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FIGURE 3 AGE ATB SPECIFIC ANNUAL INCIDENCE RATE FOR ALL TYPES OF LEUKEMIA IN
LSS EXTENDED SAMPLE BY CITY AND DOSE, 1950-78
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effect with time after exposure seems to differ
by city. Figure 3 gives the age ATB specific
annual incidence rate for all types of leukemia
during 1950-78 by dose and city. The excess
risk in individuals who received 100 rad or more
in kerma total dose did not differ significantly
among the four age ATB categories. Figure 4
shows the age ATB specific annual incidence rate
for all types of leukemia among individuals who
received 100 rad or more in kerma total dose by
city and period. When the age ATB specific
annual incidence rates are examined for dose and
years after exposure, it is noted that the larger the
excess risk among those of younger age ATB
who received 100 rad or more in kerma total
dose, the greater the effect of radiation in the
early period and the more rapid the decline in
risk up to 1960. The effect among those

WA R o AR MAIM N LA LHITH
S [ 31zt T BT & A2 1950 — TRAE M
A7 Y 11 LA 00 RTINS 1 s 900 T ) B 2 o L
foo B—=wARANAE AT100vad DL TR L 22 ol )
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B - 100rad DL ETHBLZAD 2HH
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EouTHRHLTHESZE, #— < &8It AH100rad
BEDBRTRERFFERFFTVFIEIY, IHhA2un
BEVAZIFEL S W HGORBRIMMIZHV
TELD»oLYN, 1960FFTCI2Y A7 18R I28D
L. LA LESBERHI0HZL Loso g,
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FIGURE 4 AGE ATB SPECIFIC ANNUAL INCIDENCE RATE FOR ALL TYPES OF LEUKEMIA
AMONG SURVIVORS WHO RECEIVED 100 RAD OR MORE
BY CITY AND PERIOD, 1950-78

&4

A—2 BB 100rad LI EOEBRF IS5 2H8A0HO

BIRBFERNI(C 2 2 R FMSEEE SR WA, 1950—78F

200 AGE ATB < 15 F AGE ATB 1529
D Hiroshima
150 4 m Nagasaki i
100} -
q
o
-
o
W 50[ A
(=8
w
[
; 1 (E %H ]
18
w o0 L 4 L ! L I L L L L L )
Q
Z 200 -
g AGE ATB 30-44 AGE ATB 45 + Il
z
- | e
< 1s0F -
2
z =
Z
L. ¢
100 | I
50 L
0 i 1 i 1 i L i I
ocT. ocT. ocrT. DEC. ocT. ocT. ocT. DEC.
1950 1960 1970 1978 1950 1960 1970 1978
PERIOD PERIOD

persons who were 30 years or more of age ATB,
however, is of lesser magnitude, but it is more
prolonged. The effect among individuals who
were 45 years or more of age ATB did not appear
until 1955 (10 years after exposure) and the risk
has been the highest in the most recent 3 years in
Hiroshima. The risk has been greater in Hiroshima
than in Nagasaki for most age ATB groups and
for most periods. After 1970, an excess risk in
survivors who received 100 rad or more in kerma
total dose is apparent only in Hiroshima survivors
whose age ATB was 30 or more. Again, the
leukemogenic effect to age ATB and years after
exposure differs by city. A schematic diagram
of the leukemogenic effect of radiation in
A-bomb survivors by age ATB, elapsed years

10

FORIEAN LD DL OATRE L £ BRI R AT45RE
Ll Lo # T2 19554F (BB 1041 ) £ Tia e ¥,
EHTRELEEOIFEHMON AR AkELEST
WA, UAZRIFLA LD BEREFERMD L HMT
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BOSOREDESFBHWI-R 25T L AFUNE
shk. FSItESeER, BREOSBFEY,
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FIGURE 5 SCHEMATIC DIAGRAM OF THE LEUKEMOGENIC EFFECT OF RADIATION
BY AGE ATB AND ELAPSED YEARS AFTER EXPOSURE (LATENT PERIOD)
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after exposure and city is given in Figure 5. It is
expected that radiation-induced leukemia in the
high dose group will disappear almost completely
within 40 years after exposure to the A-bomb.

Annual Incidence Rate of Acute Leukemia by
Dose, City, Age ATB, and Period

Table 4 shows the annual incidence rate of acute
leukemia by dose, city, age ATB, and six periods.
The excess risk in individuals who received 100
rad or more in kerma total dose has declined
with elapsed years after exposure in both cities.
The pattern of the leukemogenic effect and its
disappearance with time after exposure by age
ATB and city is quite similar to that observed
for all types of leukemia.

Annual Incidence Rate of Chronic Granulocytic
Leukemia by Dose, City, Age ATB, and Period

Table 5 gives the annual incidence rates for
chronic granulocytic leukemia by dose, city, age
ATB, and six periods. An excess risk among
survivors who received 100 rad or more kerma
total dose became apparent in both cities 5-10
years after exposure. In Nagasaki, a greater risk
was seen 5-10 years after exposure among those
whose age ATB was less than 15, Although the
observed number of chronic granulocytic

11
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TABLE 4 AGE ATB SPECIFIC ANNUAL INCIDENCE RATE (PER 100,000) OF ACUTE LEUKEMIA
IN LSS EXTENDED SAMPLE BY CITY, DOSE, & PERIOD (5-YEAR INTERVALS),
OCTOBER 1950-DECEMBER 1978

# 4

FrBEE M 2R (100,000 A 270 ) Wik, &t B o By
(SEEEM), 19504100 — 1978412 f

HoMELAAREA T 2 2 A MFHO FEREFERNIZH 72

Kerma Dose &

(Average Marrow Age ATB

Period

Oct. 1950- Oct. 1955- Oct. 1 t. 1965- Oct. 1970- Oct. 1975-
ol Sep. 1955 Sep. 1960 Sen. 1965 ?ecp. 1970 Sep 1975 Dec.ig7g  Total
Hiroshima
100 + <15  109.0(4) 553(2 00(0 00(0 00(0) 00(0) 299(6)
(123.5) 15-29 85.2(4) 432(2) 44.0(2 224(1) 231(1) 00(0) 394(10)
3044 248( 1) T7.1( 3) 27.0(¢ 1) 86.2( 3) 62.8( 2) 0.0( 0) 49.7(10)
45 + 0.0(¢ 0) 66.7( 2) 409( 1) 109.7( 2) 829 (1) 1925( 1) SS.7( 7
Total 56.4(9) 59:5( N 28.1( 4) 45.2( 6) 328(4) 13.7(1) 422 (33)
Rate 54.8 60.6 28.0 54.6 42.2 48.1 43.7
1-99 <15 25(1) 49(2 50(2 00(0) 25(1) 00(0) 27(6)
( 8.6) 15-29 30C1) 0.0( 0 30C 1) 3:1( 1) 6.3( 2) 99( 2) 38( 7
3044 29(1) 89(3) 31(1) 00(0) 2L1(6 59(1) 68(12)
45+ 00(0) 00(0) 41(1) 00(0) 151(2 00(0 23(3
Total 21(3)  36(5 39(S5 08(1) 9701 44(3) 3928
Rate 2.1 35 38 0.8 11.3 4.0 39
Control <15 00(0) 15(1) 00(0) 15(1 15(1) 24(1) 1.1(4)
( 0.0) 15-29 61(3) 18(1) 00(0) 74(4 S7(3  30(1 40012
30-44 (D T30 0 w3BL D) 201G 8614 . 180(:5) 614D
45 + 243 | R 4.3(2) 2730 1) 0.0(0) 48( 1) 0.0( 0) 27085
Total 25(5  3.0(8  14(3)  30(6  49(9  62(7 34(38)
Rate 2.6 3.7 1.6 2.7 5.2 5.9 3.5
Nagasaki
100 + <15 774(3) 525(2) 00(0) 00(0) 00(0 00(0) 235(S)
(135.6) 1529  746(4) 189(1) 383(2 00(0) 00(0) 00(0) 240(7
3044  406( 1) 427(1) 449(1) 00(0) 00(0) 00(0) 248(3)
45+ 00(0) 659(1) 00(0) 1068(1) 00(0 00(0) 31.0(2
Total 594( 8) 38.6( 5) 241 ( 3) 84( 1) 0.0( 0) 00(0) 246(17)
Rate 48.2 45.0 20.8 26.7 0.0 0.0 258
1-99 <1s 00(0) 00(0) 44(1) 000 45(1) 00(0) 1.6(2
¢ 9.5) 15-29 64(1) 6.5(1) 0.0( 0) 6.8( 1) 6.9( 1) 0.0( 0) 4.7( 4)
3044 0.0¢ 0 0.0( 0) 0.0 ( 0) 103( 1) 0.0¢(¢ 0) 0.0( 0) 18( 1)
45+ 00(0) 00(0) 00(0) 178(1) 00(0 000 25(1)
Total L6(1)  LI(1D 1.8(1) 57(3) 40(2 00(0) 26(8)
Rate 1.6 1.6 1.1 8.7 2.9 0.0 2.7
Control <1s 00(0) 00(0) 59(1) 000 00¢(0 00(0 1.0(1
( 0.0) 1529 00(0 00(0) 67(1) 00(0 00(0 00(0) 1.2(1)
3044 0.0( O) 0.0( 0 0.0(0) 11.7( 1) 25.5( 2) 00(0) 6.0(3)
45+ 00(0) 149(1) 00(0 00(0) 357(1) 00(0) 7.1(2)
Total 00C0) 21(1) . 43(2 23¢1) ""12(H 00(0 27(7
Rate 0.0 3.7 32 29 153 0.0 38

See footnote Table 3.

FIOMEEM
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TABLE 5 AGE ATB SPECIFIC ANNUAL INCIDENCE RATE (PER 100,000) OF
CHRONIC GRANULOCYTIC LEUKEMIA IN LSS EXTENDED SAMPLE
BY CITY, DOSE, AND PERIOD (5-YEAR INTERVALS), OCTOBER 1950-DECEMBER 1978

# 5

A A EEHE A QAR ENZ 1T 218 1A EETE B ML O BRI R R Rz B

FERRE M SE £ B8 (100,000 A% 7= 0 )« A, A5 RL R O IR S

(S4EERM), 1950410H —1978% 12

Kerma Dose & _ Period -
(Average Marrow A AT G0 1950- Oct 1955~ Oct. 1960- Oct. 1965~ Oct. 1970-  Oct. 1975- —
Sep. 1955  Sep. 1960  Sep. 1965  Sep. 1970  Sep. 1975  Dec. 1978 ‘
Hiroshima

100 + <15 81.7( 3) 0.0( 0 0.0¢C O 0.0 0) 289( 1) 0.0(C 0 199(4)

(123.5) 15-29 63.9( 3) 0.0 0 0.0 0 224 (1) 0.0( 0) 00(0) 158(4)
3044 74.5( 3) 0.0( O 0.0( D) 0.0 0) 62.8( 2) 00¢0) 249(5)
45 + 0.0 0) 334( 1) 0.0 0) 0.0( 0) 0.0 0) 0.0C O BO( D)
Total 564( 9 6.6( 1) 0.0¢ 0) 75( 1) 24.6( 1) 0.0¢0) 17.9(14)
Rate 55.0 8.4 0.0 5.6 229 0.0 17.2

1-99 <15 2501 2501 0.0 0) 0.0C 0 0.0¢ 0) 0.0(C0) 0.9 (2)

( 8.6) 15-29 0.0 0) 0.0( 0) 6.1( 2) 0.0¢ 0) 0.0( 0) 5.0.¢ 1) 1.6( 3
3044 5.8( 2) 0.0 0) 310 1) 6.5(2) 8 1) S 1k 4007
45+ 140¢5  66(2) 82(2)  00(0 00(0) 165(1) 7.8(10)
Total 5.5(8) 22(3) 3:9¢5) BT 2) 091 44( 3 3.1 (22)
Rate 5.6 2.3 4.4 1.6 0.9 6.9 3.6

Control <15 0.0C0) L5¢1) 0.0 ( 0) Ls( 1) 0.0( 0) 0.0( 0) 0.5 2)

( 0.0) 15-29 0.0 0) 0.0 0) 1L8( 1) 0.0(0) 0.0( 0) 0.0¢C O 03¢ D
3044 0.0( 0) 0.0( O 0.0( 0) 40(2) 6.5( 3) 0.0( 0) 1.8( 5)
45 + 0.0( 0) 0.0( 0 0.0( 0) 0.0 0 48( 1) 0.0 0) 05 1)
Total 0.0C O 04( D 05(1) 1.5 ( 3) 22,0 3 0.0¢0) 08(9
Rate 0.0 0.4 0.5 1.4 2.8 0.0 0.8

Nagasaki

100 + <15 51.6( 2) 0.0( 0) 0.0( 0) 0.0 O 0.0( 0) 0.0( 0) 944 23

(135.6) 15-29 0.0 0) 0.0( 0) 00(¢ M 0.0( 0) 0.0( 0) 0.0(0) 0.0 O
3044 00(0) 00(0) 00(0) 00(0) 00(0  00(0) 00(0)
45 + 0.0 0) 0.0( 0) 0.0( 0) 0.0 0) 0.0( 0) 0.0¢ 0) 0.0 0)
Total 14.8( 2) 0.0 ( 0) 0.0¢ 0 0.0C O 0.0( 0) 0.0¢ 0) 28.¢ 2)
Rate 12.9 0.0 0.0 0.0 0.0 0.0 2.4

1-99 <15 0.0( 0) 44(1) 0.0 0 0.0¢ 0) 0.0( 0) 0.0 O 08¢ 1

{5 15-29 0.0 0) 0.0( 0) 0.0¢C M 0.0¢ 0) 6.9( 1) 0.0C 0 L2 1)
30-44 0.0 (¢ 0) 0.0( 0y 0.0(0) 0.0¢ 0) 0.0( 0) 0.0C 0 0.0¢ 0)
45+ 00(0) 00(0) 131(1) 00(0) 260(1) 00(0 50(2)
Total 0.0(C 0 1L.7¢ 1) 18(C 1) 0.0( O 4.0( 2) 0.0 0) 1.3( 4)
Rate 0.0 i) | 3.3 0.0 8.2 0.0 1.8

Control <15 0.0 O 0.0( O 0.0 0) 0.0( 0 0.0(C 0 0.0 0) 0.0( O

( 0.0) 15-29 0.0C0) 0.0( O 0.0 0) 0.0 0 0.0C 0) 0.0C 0) 0.0C0)
30-44 0.0C 0 00( O 0.0¢ 0) 0.0( O 0.0 0) 0.o0¢0) 0.0( 0)
45 + 0.0¢ 0) 0.0 0) 0.0( 0 0.0¢ O 0.0( 0) 0.0 0) 0.0 0)
Total 0.0C 0 0.0 0) 0.0 0) 0.0(0) 0.0( 0) 0.0 0 0.0 ¢ 0}
Rate 0.0 0.0 0.0 0.0 0.0 0.0 0.0

See footnote Table 3. # 3 nMiERM
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TABLE 6 AGE ATB SPECITIC ANNUAL INCIDENCE RATE (PER 100,000) OF LEUKEMIA
AMONG SURVIVORS WHO RECEIVED 100 RAD OR MORE IN KERMA TOTAL DOSE,
BY TYPE OF LEUKEMIA & PERIODS, HIROSHIMA & NAGASAKI, OCTOBER 1950-DECEMBER 1978

6 b — AR A100rad Ll ko B FE 12 550 B LS O LA SE RS B0 12 & £
YRR 262 5 (100,000 A 272 0 )« () ML  BU R OF I 0, TAD g o ER e,
19504108 — 19784212 A

Age ATB
Item
<15 15-29 30-44 45 +
Total Period
Person-years 41326 54559 32205 19011
CGL 14.5 (6) 7.3(4) 15.5 (5) 5.3(1)
AGL 2.4 (1) 12.8 (1) 27.9 (9) 36.8 (N
ALL 12.1 (5) 9.2(5) 6.2 (2) 53 ()
AL 12.1 (5) 9.2 (5) 6.2 (2) 53(1)
October 1950-September 1955
Person-years 7545 10060 6489 5346
CGL 66.3 (5) 29.8 (3) 46.2 (3) 0.0 (0)
AGL 0.0 () 39.8 (4) 30.8 (2) 0.0 (M
ALL 53.86(4) 29.8 (3) 0.0 (0) 0.0 (0)
AL 39.8 (3) 9.9 (1) 0.0 (0) 0.0 (0)
October 1955-September 1960
Person-years 7429 9908 6230 4516
CGL 0.0 (0) 0.0 (0) 0.0 (0) 22.1 (1)
AGL 13.5(1) 0.0 (0) 64.2 (4) 44.3 (2)
ALL 13.5(1) 10.1 (1} 0.0 (M 0.0 (0)
AL 26.9 (2) 20.2(2) 0.0 (0 22.1 (D
October 1960-September 1970
Person-years 14597 19349 11485 6446
CGL 0.0 (0} 5.2(1) 0.0 () 0.0 (0}
AGL 0.0 (0} 10.3 (2) 26.1(3) 46.5 (3)
ALL 0.0 (0) 5.2(1) 8.7 (1) 15.5 (1)
AL 0.0 (0) 10.3 (2) 8.7 (1) 0.0 (0}
October 1970-December 1978
Persan-years 11755 15242 8001 2703
CGL 8.5 (1) 0.0 (0) 25.0(2) 0.0 (0)
AGL 0.0 (0) 6.6 (1) 0.0 (0) 74.0 (2)
ALL 0.0 (0) 0.0 (0) 12.5 (1) 0.0 (0)
AL 0.0 (0) 0.0 (0) 12.5 (1) 0.0 (0)

Number of cases in parentheses. () Mt A2 .
CGL — Chronic granulocytic leukemia, AGL — Acute granulocytic leukemia,

b #51T BG 1 Ay At A P
ALL — Acute lymphocytic leukemia, AL — Other types of acute leukemia.
S R F @ o 4 8o St 1
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leukemia cases is small, on classifying the data
by city, age ATB, and period, the pattern of
radiation induction of chronic granulocytic
leukemia appears to differ by city.

Annual Incidence Rate of Leukemia among
Survivors Who Received 100 rad or more by
Subtype of Leukemia and Age ATB

Table 6 presents the age ATB specific incidence
rates of leukemia among Hiroshima and Nagasaki
survivors who received 100 rad or more kerma
total dose by four age ATB groups, subtype of
leukemia, and four periods. As shown in the
upper panel, the risk of acute granulocytic
leukemia increases with age ATB, but the risk of
acute lymphocytic leukemia, other types of acute
leukemia, and chronic granulocytic leukemia do
not differ significantly among the four age ATB
groups during the total period.

As shown in the lower panel, it also appears that
the risk of myelogenous leukemia (acute and
chronic leukemia), acute lymphocytic leukemia,
and other types of acute leukemia was greater in
the younger age ATB group in the early, years,
and has become greater in the older age ATB
group only as the years after exposure have
elapsed. After 1970 radiation was effective for
induction of only acute granulocytic leukemia
among those aged 45 years or more ATB. The
radiation induction of incidence of all common
types of leukemia except chronic lymphocytic
leukemia thus depends upon age ATB and
elapsed years after exposure,

DISCUSSION

Qur earlier publications deseribe the leukemogenic
effect of exposure to the A-bomb in relation to
quality and quantity of radiation, years after
exposure, age at exposure, and type of leukemia
in a fixed cohort during the period from October
1950 to December 1971.57 The present analysis
extends these observations on the incidence of
leukemia through 1978 and 53 cases have been
added to the previous report through the
extension of the observation period by seven
years.

In the present study our interest focused on the
following issues:

Will an extension of the observation period

15
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reveal an increased risk of leukemia among
Nagasaki survivors who received low doses?

Will the excess risk observed in the Hiroshima
survivors through 1971 persist after 1971, and
will it reappear in the Nagasaki survivors who
have shown no apparent effect since July 1966?

If an excess risk persists in the high dose
group, what age groups and what types of
leukemia will show this excess?

Are there any differences from the previously
predicted model in the pattern of development
of radiation-induced leukemia in relation to
time, type of leukemia, and age ATB?

The results presented here demonstrate that the
risk of all types of leukemia increased with dose
in both cities, except among individuals who
received less than 100 rad kerma total dose in
Nagasaki. The excess risk is greater in Hiroshima
than in Nagasaki in every kerma total dose
category, although the average marrow total dose
(sum of the gamma and neutron dose) is quite
similar in the same kerma total dose class in
Hiroshima and Nagasaki. The average marrow
total dose is about 123-136 rad among those
survivors who received 100 rad or more kerma
total dose and about 9-10 rad among those who
received 1-99 rad kerma total dose. Although
the present analysis uses the new dosimetry
system for Nagasaki, the results are consistent
with those previously reported.

Again, chronic lymphocytic leukemia was not
detected among survivors who received | rad or
more in this fixed cohort during 1950-78.
According to the RERF Leukemia Registry and
a case report,'® only two cases of chronic
lymphocytic leukemia have been identified in the
33 years (to 1978) since the bombs among
survivors who received 100 rad or more kerma
total dose. Radiation does not appear to induce
chronic lymphocytic leukemia in this population.

Examination of radiation leukemogenesis to years
after exposure revealed a steady decline with
time in the excess risk among individuals who
received 100 rad or more kerma total dose. In
Hiroshima, the risk has declined slowly with
elapsed years after exposure. In Nagasaki, the
excess risk among individuals who received 100
rad or more kerma total dose was remarkable in
1950-55, but has declined sharply since, and no
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excess risk has been seen since 1970 (25 years
after exposure). The risk remains high, however,
among similarly exposed Hiroshima survivors
who were 30 years of age or older ATB. The
latent period for radiation-induced leukemia
seems to differ between Hiroshima and Nagasaki
survivors.

When the leukemogenic effect of radiation to
age ATB is examined by city and dose, the excess
risk in those survivors who received 100 rad or
more kerma total dose does not seem to be
significantly different by age ATB, although the
excess risk in every age ATB category is greater
in Hiroshima than in Nagasaki. Again, the
magnitude of the effect by age ATB seems to
differ by city.

When the leukemogenic effect of radiation to
age ATB and elapsed years after exposure was
examined for those who received 100 rad or
more kerma total dose, latency was found to
be shorter in the younger age ATB group and
delayed in the older age ATB group, especially in
Hiroshima survivors, although there are some
city differences in the pattern of disappearance
of the leukemogenic effect with time, after
exposure.

Analysis of the incidence of acute leukemia
reveals that the risk was significantly elevated in
both cities among those individuals who received
100 rad or more kerma total dose. The maximal
latent period of radiation-induced acute leukemia
appears to be shorter among younger individuals
ATB than among the oldest individuals ATB and
the duration of the effect is prolonged in older
age ATB subjects. The pattern of latency of
radiation-induced acute leukemia to age ATB
also seems to differ by city.

The incidence rate of chronic granulocytic
leukemia has increased with dose from doses of
less than 50 rad kerma total dose in Hiroshima
survivors but in Nagasaki only among individuals
who received 200 rad or more kerma total dose.
In Hiroshima, the peak incidence was seen 5 to
10 years after exposure among all age ATB groups
except in the group aged 45 or more ATB. A
prolonged leukemogenic effect in subsequent
years was suggested only in Hiroshima survivors.
In Nagasaki, however, an excess risk in similarly
exposed persons was seen only during the period
between 1950-55 among those who were less
than age 15 ATB. Again, the pattern of dose
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response and development of radiation-induced
chronic granulocytic leukemia differs by city.

Kneale and Stewart'” have suggested that the
cohort of A-bomb survivors who were children
ATB is biased because only the fittest survived
the high death rate from infection following the
loss of immunological competence they postulate
to be a part of the *“preleukemic condition™.
But a previous analysis'® of the excess risk of
leukemia among survivors who were children
ATB and the present analysis suggest that the
leukemogenic effect among survivors who
received 100 rad or more kerma total dose does
not differ by age ATB except for acute
granuloeytic leukemia. Although Court Brown
and Doll" reported that the excess risk of
leukemia increases with age in ankylosing
spondylitis patients after X-ray treatment, an
increased risk with age ATB has been observed
only for acute granulocytic leukemia in A-bomb
survivors.

When the incidence of leukemia during 1975-78
was examined among individuals who received
100 rad or more kerma total dose, onl¥ one case
of acute granulocytic leukemia was observed in
Hiroshima survivors whose age ATB was 45 or
more. It seems unlikely that a greater excess
risk of leukemia among survivors who received
100 rad or more kerma total dose at age ATB of
more than 45 will be detected in the future
because only 20% of these individuals were still
alive at the end of 1978. In Nagasaki, there has
been no evidence of an excess risk of leukemia
since July 1966 in individuals who received 100
rad or more kerma total dose, If an excess risk
of leukemia does not reappear in the future
among subjects exposed at younger age to 100
rad or more kerma total dose, it is speculated
that radiation-induced leukemia will disappear
among A-bomb survivors some 35-40 years after
exposure to the A-bomb. It is important to
confirm this prediction through future investiga-
tions.
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