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SUMMARY

A study was made of 474 autopsies of leukemia
cases at ABCC in Hiroshima and Nagasaki from 1949
to the end of 1969. These cases were examined in
relation to dose of radiation at the time of bomb
using tentative 1965 dose estimates,

The leukemia rate was examined for autopsy cases
belonging to the JNIH-ABCC Life Span Study sample
by dose for the period October 1950 to December
1969. There were 61 leukemia cases in 3959 autopsy
cases in this sample. The rate increased by dose,
especially in those exposed to more than 100rad for
both periods, 1950-60 and 1961-69, even though the
autopsy rates differed between these two periods.

The pathologic findings were compared by dose for
361 leukemia cases born before the bomb. Patho-
logically, no individual autopsied leukemia case
could be differentiated and designated as being
radiation-induced in this study. No case of chronic
lymphocytic leukemia was detected among cases
receiving 1rad or more. No statistically significant
difference related to radiation dose was found in
acute leukemia and chronic granulocytic leukemia for
the weights of the liver, spleen, and kidneys, the
intensity of leukemic cell infiltrates in various
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tissues, the occurrence of tuberculosis, or the
occurrence of blast crisis in chronic granulocytic
leukemia, except in the intensity of leukemic
infiltration in the lung of chronic granulocytic
leukemia patients. A longer survival time and
possibly less intense leukemic infiltration in the
lung of chronic granulocytic leukemia patients who
received lrad or more were observed, but these
presumably are due to some factor other than radiation
since no dose-response relationship could be
confirmed.

INTRODUCTION

It has been clearly demonstrated that exposure to
ionizing radiation increases the risk of developing
leukemia and the greater the radiation dose the
greater the risk. This appears to be true regardless
of the source of radiation and certainly is true for the
atomic bomb survivors of Hiroshima and Nagasaki. 1,2
However, hematologic, clinical, and pathological
studies have so far failed to demonstrate significant
differences between radiation-induced and so-called
spontaneous leukemia.3"7  Most of the ABCC
leukemia studies have been based on morbidity data
from the leukemia registry as confirmed by hematol-
ogists in the two cities and on mortality statistics
based on death certificates.? Anderson et al
published the results of an autopsy study of 157
leukemia cases in Hiroshima accumulated prior to
January 1963.7 They found that the disease was of
shorter duration and the spleens were smaller in
leukemia patients closer to the hypocenter at the time
of the bomb (ATB). Patients with chronic granulo-
cytic leukemia who were closer to the hypocenter ATB
had increased bone marrow fibrosis and patients
with increased fibrosis had a longer clinical course
but also had a greater incidence of active pulmonary
tuberculosis. They concluded that it was not
possible to identify an individual case as

radiation-induced.

There are now 474 verified leukemia autopsies in the
ABCC Department of Pathology files including cases
from both Hiroshima and Nagasaki collected between
1949 and December 1969. Some of the patients were
exposed to various levels of radiation ATB and
others received little or no radiation. ‘The cases
were studied for evidence of radiation effect, for
evaluation of various morphologic and pathologic
features and for changes related to passage of time.

MATERIALS AND METHODS

In both Hiroshima and Nagasaki intensive efforts
were made to obtain autopsies on patients dying
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from leukemia when it was recognized that this was
a radiation-associated disease frequently found in
persons who had been near the hypocenter ATB. A
hematologic .surveillance program was organized in
each city which enrolled most persons who had any
hematologic disorder without regard to age, radiation
exposure, or duration of residence in the city.8 In
most cases quite complete records of the clinical
course and occurrence of complications including
blast crisis were retained in permanent files as were
slides of peripheral blood and bone marrow smears.
It is believed that few patients with leukemia not
otherwise registered escaped this surveillance.
However it was an open-ended sample to which new
members were added as they developed hematologic
disorders and particular efforts were made to obtain
autopsies if a clinical diagnosis of leukemia was
entertained on these patients before death occurred.

The JNIH-ABCC Life Span Study (LSS) sample,
consisting of persons in Hiroshima and Nagasaki who
were exposed to radiation from the bombs and
appropriate age- and sex-matched nonexposed
controls, was selected from the 1950 survivors survey
of the two cities.? It is a fixed, constantly aging
population  which originally numbered 99,385.
Autopsies were performed irregularly and infrequently
on this group until 1961 when, as a result of a
change in the autopsy procurement program, the
autopsy rate increased and has since been maintained
at from 30% to 40% of all deaths in the sample. From
1950 to December 1969, there were 18,753 deaths in
the 1SS sample with autopsies in 3959 deaths of
which 61 were due to leukemia. Permission for
autopsy on LSS patients is usually solicited without
knowledge of the diagnosis or of radiation exposure.
However, although not counted in the 413 leukemia
autopsies in the hematologic surveillance sample
above, many LSS patients with leukemia were
registered in both samples and were more likely to
have an autopsy after death than other 1SS patients.

In most cases antemortem peripheral blood and bone
marrow smears were available and were reviewed to
supplement and establish the autopsy diagnosis of
leukemia, to give additional evidence for the classifi-
cation of leukemia by type and to document the
occurrence of blast crisis. Only verified cases of
leukemia were included in this study. In all cases
the autopsy sections were examined and the findings
were recorded without knowledge of the radiadion
exposure. Particular attention was given to the
distribution and intensity of leukemic infiltrates, the
presence of myelofibrosis, evidence of ruberculosis
and the presence of other cancers. The autopsy
protocols were examined for organ weights and the
clinical records were reviewed for determination of

duration of disease, occurrence of blast crisis etc.
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The recorded data was then submitted for statistical
evaluation and correlation with radiation exposure data.

Radiation exposure dose was calculated for A-bomb
survivors by methods previously described.10:11 The
estimated rad dose (T65D) was the sum of the gamma
and neutron radiation calculated from air absorption
curves as modified by shielding factors and was
based on personal interviews made by trained
investigators.12 Because of bomb characteristics,
the bomb in Hiroshima emitted both gamma radiation
and neutrons whereas the bomb in Nagasaki emitted
mostly gamma radiation and few neutrons.10

Individuals were «classified into the following
exposure categories by total exposure dose: 1)100rad
or more; 2) 1 to 99rad; 3) less than 1rad; and
4) undetermined. 1In the calculation of leukemia risk
from exposure, the first group was further subdivided
into: a) 300rad or more, and b) 299 to 100rad. A
previous study demonstrated that, for those exposed
to less than Srad in both Hiroshima and Nagasaki,
the leukemia rate was consistent with experience
elsewhere in Japan.2 For this reason, group 3 (less
than 1rad) was taken as an acceptable control group
for radiation exposure. It includes persons'\;ho
were not in either city ATB as well as those who
were in the cities but at a considerable distance
from the hypocenter. The term ‘‘*A-bomb survivor’’
was applied to all persons who were within 10,000m
from the hypocenter ATB. The persons in group 4
(undetermined radiation dose) were a small number of
individuals who were less than 2000m from the
hypocenter but in unusual situations or with heavy
shielding (air raid shelcers, concrete buildings, etc.)
for which no method has yet been developed for
estimation of dose.

RESULTS

Table 1 gives the distribution by type and sample for
the 474 cases of leukemia confirmed by autopsy in
Hiroshima and Nagasaki from 1949 to 1969. The
“not [.8S sample” is divided into those born before
and after August 1945 to permit a crude age com-
The LSS sample
contains 25 cases each of acute and chronic granulo-
cytic leukemia, 8 cases of “‘other’”” acute leukemia
cases, and 3 cases of acute lymphocytic leukemia.
The distribution of types of leukemia is roughly

parison with the fixed sample.

similar for the ““not L.SS sample born before August
1945’ but for those born after 1945, a much younger
group, the distribution by type is quite different.
The almost complete absence of chronic lymphocytic
leukemia in all groups is notable but typical for
Japan.13
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TABLE 1 TYPE OF LEUKEMIA AT AUTOPSY BY SAMPLE CLASSIFICATION, HIROSHIMA & NAGASAKI

Fz1 HIMIFIIEIAAMBFEROSH: RN, KB - BESF

D T ikl LSS Not LSS #a@EMRELIIO LD Total

1 Born before 1945 Born after 1945 E,

9 157 ROMEMRE  losEpmicme  osEuBCmE

No. gy % No. {5 # % No. %

Acute granulocytic B i 25 41.0 152 50.7 60 53.1 237
Chronic granulocytic 18 4 % #if£ 25 41.0 72 24.0 4 3.5 101
Other acute* FofhnEER 8 131 40 13.3 11 9.8 59
Acute lymphatic B v otERE 3 4.9 33 11.0 38 33.6 74
Chronic lymphatic By 0 0 3 1.0 1] 0 3
Total & # 61 100.0 300 100.0 113 100.0 474

* Mpyelomonocytic, monoeytic, erythroleukemia, & unclassified.

M RERTE, BERYE, RMAMS, KoH

TABLE 2 TYPE OF LEUKEMIA & EXPOSURE STATUS, HIROSHIMA & NAGASAKI, 1949.69

474 CASES
#2 AMKE 474 FIOFR, BHRBH ST 55 - BWgSH, 1949—691F
Survivors* #i%# T65 Dose #t  (rad) Not-in-city ATB RHEHA T
Type of Leukemia  Undetermined Born before 1945 Born after 1945  Total
i i o B 7 100+ 199 <1 1945FELIRTIZ I 1945 LR S e
[ERURCRA

No. No. No. ~  No. No. No. No.

1Al % e % mm % @a % @u % @mm % mwm %
Acute granulocytic
o e 4 400 24 471 14 326 38 514 97 530 60 53.1 237 50.0
Chronic granulocytic
48 6 600 15 294 18 419 16 216 42 230 4 @5 Hoi (51
Other acute**
7 0o Ak - 2 15l T U s S e S o S VO A
Acute lymphatic
Bl SRR 11 216 5 11.6 et L D e VL ST ¥ S e
Chronic lymphatic
M v SERE 3 4.1 3 0.6
Total
] 10 100.0 51 100.0 43 100.0 74 100.0 183 100.0 113 100.0 474 100.0

* Within 10,000 m from the hypocenter ATB.
RO A 5 10,000m LI TR
** Myelomonocytic, monocytic, erythroleukemia, & unclassified.

TR R, Bk, FmOmsAE, ka#

Table 2 gives the distribution by type and radiation
exposure for all 474 autopsy cases of leukemia in the
two cities of which 178 were A-bomb survivors, 183
were alive ATB in August 1945 but not in either city
at the time and 113 were born after 1945. Within
each exposure group there is considerable variation
for the occurrence of the different types of leukemia,
but in all groups born before August 1945 acute and
chronic granulocytic leukemia together account for
approximately 75% of the cases. [t appears that
there are more cases of chronic granulocytic leukemia
in 1-99rad dose group in comparison with the other

dose groups. However, these data do not permit
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estimation of prevalence rates because there is no
fixed population to use as a denominator for the

entire group.

It is, however, possible to examine the prevalence
rate of 61 leukemia cases who belong to the LSS
sample. The question of bias in selection of cases
for autopsy in the LSS sample is examined in Table 3.
It is evident that for the two decades examined there
were far more autopsies performed on persons with a
death of leukemia than for
others and a higher autopsy rate for those exposed to
100rad or more than for those exposed to smaller

certificate diagnosis

doses of radiation. [n the earlier period, autopsies
were performed on 6% of LSS deaths and on 47% of
those with a death certificate diagnosis of leukemia.
In the later period the general autopsy rate was 37%
and the leukemia autopsy rate was (8%. However,
comparison of the autopsy rates within the decade
groups seems to us to show that there was no serious
bias of selection of leukemia autopsies by dose.
That is to say that although a far greater proportion
of leukemia cases came to autopsy there was no
selection of these cases by radiation dose.

-

L, @05 LTHRATE 2B EEHA 2 wi- b,
INEOERPS XFEREFHET L2213 TE 20,

LaLAads, BaMEd@idoammelils vt
HinE AR A E T3, BalTuRg s
HIMEF O BRI EES 2O OMEIZ> T, 3T
Mateinzg sz, BEXFMOMAEICLS L, FECBHE
OFERHEIMFBEOEOF R IR EDELDVE TS
PIZELEBENTEY, /4, 100 rad LL_Eo HOH 5
ERIAEEOEIN, PREOBRAZIAHELNL £
HiRESI TV, FMIsWTIE, RalEEED
DIECHD 6 %IZHIRAEREE nzyF, FEEZHPAM
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bhd. T4abb, AMFEAOHBEOEGAERIZKE
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TABLE 3 DEATH CERTIFICATE & AUTOPSY RATES FOR LSS DEATHS & LEUKEMIA BY RADIATION DOSE AND
DECADE OF DEATH, HIROSHIMA & NAGASAKI, OCTOBER 1950 — DECEMBER 1969

#3 BARAEHEFH ST IECLOMBHE CHET 2FECRETE & SR RatEi s X C10E Mg,
19504E 108 —19694E12H, L5 - B A3
Decade of Death [ %1
1950-60 1961-69
Undetermined Undetermined

Fe W 100+ 1-99 < 1rad* X 100+ 1-99 <1rad*
Deaths FEL 6 # 240 474 3307 5448 134 468 3282 5400
Autopsies 1 H{f) ¥ 19 55 240 245 55 219 1314 1812
Autopsy rate #I H % 7.9 11.6 73 4.5 41.0 46,8 40,0 33.6
Leukemia by death certificate 3 36 16 22 3 12 15 14
FECCGB U 802 & 2 (3 5 7 &
Leukemia by death certificate
& autopsy 1 19 ] 8 3 7 10 10
FELCGEWT M £ UFRIMREIZ L B
£ 00 475 17 &
Autopsy rate for death certifi-
cate leukemia 33.3 52.8 50.0 36.4 100 63.6 66.7 71.4

FECIEIR M 12 £ & MR
BT A

* Including not-in-city ATB., |RIREFTTARE EEED

As seen in Table 4, it is evident that in the LS8
autopsy series the leukemia rates increase by dose in
every four periods. [t appears that the rate is still
high from 1966 to 1969 in the group which received
300 rad and more. The leukemia rate for all dose
groups has decreased significantly since 1961, but
this is partly attributable to the increased autopsy
rate of this sample after 1960.

FaloRT LD, BRHEHESRBEOAMKERE LMo
DM E B L ICEML T3, 300 rad Ll ED
BRAEZIEZFHIIFVTIE, 1966—69FEDMIZH 1T 5E
R ELTEVWEITH S, 1961 F LI, SHEEHIC
FUAAMMBERBEFEZIET LA, ZhEEsm
IZI9BE LB Z o BB c s 0 REOMMIZ LS
DTHS.



TABLE 4 PREVALENCE OF LEUKEMIA IN 3959 LSS AUTOPSIES BY RADIATION DOSE ATB & TIME PERIOD

F4

oA I RIS 31T B HIFR3959F ch o QUL AEHRRE . MR & X OTH S A B

Oct. 1950-Dec. 1955

Jan. 1956-Dec. 1960

Jan. 1961-Dec. 1965 Jan. 1966-Dec. 1969

T 65 Dose
@i Autopsies Leukemia  Rate* Autopsies Leukemia Rate* Autopsies Leukemia Rate* Autopsies Leukemia Rate*
Fil # [ 1 4% # RS £ 1l 45 # & # £ 145 # i =Rk 3
Undetermined = i i 10 1 100 9 0 26 1 38 29 1 34
300+ rad 10 3 300 13 7 539 35 2 58 23 2 B7
100-299 10 4 400 22 2 an 94 4 43 67 0 0
1-99 68 3 44 172 (] 35 810 4 5 504 4 8
<1 75 2 27 170 5 29 1052 6 6 760 4 5
Total it 173 13 75 386 20 59 2017 17 8 1383 11 8
* Rate /1000 autopsies. &1 10008 (2 &+ 5 52
TABLE 5 LEUKEMIA RATE IN LSS AUTOPSIES BY RADIATION DOSE & CITY
#5 RaoWEHMHREHICETIAMMAEE: KRR S LU HH
T 65 Dose Hiroshima 5 i Nagasaki &M
P Autopsies  Leukemia Rate* Autopsies  Leukemia Rate*
1 i 13 1 %5 B il i i 1 %5 2
Undetermined 41 3 73 33
300+ rad 56 10 178 25 4 160
100-299 125 ] 48 68 4 58
1.99 1139 12 10 415 5 12
<1 1696 13 8 361 4 11
Total & #f 3057 44 15 902 17 i9
* Rate/1000 autopsies. & B 1000 12 3+ 5
The leukemia rate by dose for each city is given in WifiicE I AMBERAMBEREL RS IR L L. Wi

Table 5. There is no difference in the rates for the
two cities, both showing approximately the same
rate by dose. However, other studies?:14 based on a
larger number of cases and unbiased materials have
demonstrated that the incidence rate and mortality
ratio were higher in Hiroshima than Nagasaki, the
difference being tentatively ascribed to the larger
neutron component of the total dose in Hiroshima.
The discrepancy between the present study and two
other reports stems from the selective nature of
autopsy procurement by dose and city.

The Table ¢ shows the leukemia rate by two major
types and dose. It is apparent that the risk of both
acute and chronic granulocytic leukemia increases by
dose. The rate of chronic granulocyric leukemia is
still two times higher in those receiving 1-99rad in
comparison with those receiving less than 1 rad.
According to this study, the risk of all types of
leukemia among those receiving 300rad or more ATB
was 21 times greater than that of those receiving

lessthan 1rad.

OPMFEAEREICEERE L, Mhe bRENEICIZE
RLERTH-7. LaL, b2 {DEFHLEIDL
WitEE L LI LTI A bR AOBEEL M TIX, #FR
FERACRBIELICEBLIVEEOIEIAH NI LR
shTwad., Z0XEE, BHRED I 5 piEFREVFESR
DEITKTE2L-bThHrLEsh TS, FHKL
RO o0REEOHOZITEEINIZHEIZ BT 55HR
AFFEOBEREZEZ2LEOTHA .

RO OO FEAMMBM L MER &2 &5 AMFBEHF
AR T. BEs LUREERMEALBO Y 2 713, &
BAZVWEYMMNT22L 362 THS. 1 —WBrad
DFEBEEZFHAE LT IRETHEAMAERE,
lrad RiBOHREZH-ELDL 2EELI - 2. AR
ECIE, FEBAF300 rad LI EOMBEEZRTAHIZHT 2
HEAMFBRED) A 713, 1 rad RO BE L2134
EDAUETH - 7.



TABLE 6 LEUKEMIA RATE BY RADIATION DOSE AND TYPE OF LEUKEMIA, OCTOBER 1950—DECEMBER 1969
6 AHMRHE: BHKEERS L FAMKENR, 19504108 —19694E12H

Type of Leukemia

T 65 Dose &fit (rad)

A Undetermined # fif & 300+ 100-299 1.9 <1
19 1L #45 A ——
No. Rate No. Rate No. Rate No. Rate No. Rate
17 ¥ b::4 17l # ¥ 15 & 2 17 # 7l # %
All autopsy cases
Py 78 1000 81 1000 193 1000 1554 1000 2057 1000
Acute
a 0 0 8 98.8 7 36.3 9 5.8 12 5.8
Chronic granulocytic
181 - 2 3 40.5 ] 74.1 3 15.5 8 5.1 5 2.4
All forms
) 3 40.5 14 172.8 10 51.8 17 10.9 i 5 8.3
Relative risk

ey A2 4.9 20.9

6.3 1.3 1.0

Next, an analysis was attempted to compare the
major pathologic findings in 361 leukemia cases
born before the bomb by radiarion dose for acute
leukemia and chronic granulocytic leukemia.

The average weight at autopsy of the spleen, liver,
and kidney in acute leukemia and in chronic granufo-
cytic leukemia is compared by radiation dose in
Table 7. Standard deviations are large, the means
show little variation by radiation dose and analysis
of variance shows no significant differences for
these weights by three dose groups (P >.05). There
is the usual and expected difference in the weight of
these organs when acute and chronic leukemia are
compared. A similar comparison of these organ
weights based on age ATB (<15, 15-59, 60+) also
shows no significant difference.

The intensity of leukemic cell infiltration by
radiation dose is given in Table 8. Histologic
sections from 15 major organs and tissues were
evaluated for 257 patients with acute leukemia
(central nervous system sections were available for
174) and for 91 patients with chronic granulocytic
leukemia (central nervous system sections were
available for 66).
leukemic cell infiltration in each tissue, the following

In order to evaluate severity of
classification was employed. Those cases with
more than 50 leukemic cell infiltration in each high-
power field were classified as severe infileration.
Moderate infiltration was used in those cases with
less than 50 leukemic cells in each high-power
field. Those cases without any leukemic cell in
each high-power field were classified as none.
None of the sites examined in the acute leukemia
autopsies show a significant difference in intensity
of leukemic cell infiltration which is related to
radiation dose. [n the autopsied cases with chronic
grenulocytic leukemia, cellular infiltrations of the

Sz, FEEIP T LTS R ATV AR E 361 Flo
FEFEEN LY, BEAMEs L UEEERHED
M 125 O T RGHRRA T T 5 1 0 LB HFRS S
{17,

F T2, BMEE R UBHETREEE M B S IR,
BEIE & b OVERE o ) fE TR R O KOS AR R o Re ks &
R BEEERZEZATHD, FHETIIHREHEN O
ERIELALEL, ZO0BMBEHM I TIKEDES
DERFIFELALEL, £/, ZRSFCHEPHMIZE
EhERALALV (P> 05). HEE, s LUK
HILFEOLETIE, ChoOBEOES ZIEZEH 5
naL, ¥-20AMHETE S, FEBEOSEE (15611
T, 15—59&, 60l b)Y oS zhooliznES
OEIzEWTLERREZEIREDLN Lo 1,
Best s A o (A ER R O BE A £ 8 1R T.
e ImAE 257 F (5 5, PRHEZOURIEF 1425
ANF) B £ OB A 9L (3 5 P AR R
EIF 12 66M A 5 AF) £ 0 o15HE o B % B L UL
OEFER LTRSS ENZ A S I T AAM
IR EORE 2N+ 2 L0, KogHEHw:
M 1R 50 L Lo A is iz oaln 5 h
A, BEALEMELS. SOEUTOL O DEER
e L, aMBEdAEoEschsnb 020 ] &5
LA BMEAEEIHREAII TR, BEOMELZ-
RIS OEMIZEIT A, FEE MRS S a T
i@ OBEI I EHEL BT o, BIESEEA M
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TABLE 7 AVERAGE WEIGHT OF SPLEEN, LIVER, & KIDNEY AT AUTOPSY BY DOSE &
TYPE OF LEUKEMIA IN PERSONS BORN BEFORE AUGUST 1945, HIROSHIMA & NAGASAKI

57 HiMERRo MREE, IFEE, EROFEHES: 19456 8 HU Bz EhiHEo
Hetsm R s EUAMERR. LS - BEE
Type of Leukemia T 65 Dose # 1t (rad)
14 I 975 B2 100+ 199 <1 Total &t
Spleen BRI& (g)
Acute No. 151 ¥ 32 22 192 246
o Mean L9 371.2 256.7 364.3 355.7
sD AR 285.2 218.5 313.6 363.4
Chronic granulocytic  No. 13 18 55 86
i ¥ - 15 Mean 1217.3 1076.6 1052.4 1082.4
5D 977.7 1163.6 11510 1118.4
Liver ITI& (g)
Acute No. 32 23 192 247
B Mean 1569.8 1420.0 1647.9 1616.6
SD 628.6 425.6 450.5 4777
Chronic granulocytic  No. 14 18 55 87
1 B R Mean 2158.2 1831.9 1820.4 1877.2
5D 200.4 893.5 661.6 753.6
Kidney #8 (g)
Acute Ne. 31 22 189 242
Bk Mean 36602 472.6 363.3 373.7
SD 145.8 572.9 123.8 210.2
Chrenic granuloeytic  No. 11 16 55 82
A P Bl A Mean 325.4 309.1 350.8 339.3
5D 102.0 187.5 1316 140.1
lung and kidney were more intense in those who B D o Tk, N s kORI B S ETEEE
soEvad gless den, Logd on g these o £, 1 rod RSB E B0 A EAOE 5 5100 rad 1
received either 100 rad or more or 1-99rad. However
since no dose-response relationship could be found, E¥ 1 —99rad DEF & LHED Y OFE T
this presumably is due to some factor other than LyL, SEBRGHEZEIFEZOLZVOT, ZhES
radiation. The occurrence of chloroma in these oL MEBEUAORFIRBEAT A LOTHA . HIR
autopsies is reported elsewhere and sections of T B '}Ha WORBEIz> W TR REsATS
the se tumors were not included in these evaluations.l5 D, CORHEO D A EEORICIEED L D o7
Examination of bone marrow and spleen for radiation-
associated fibrosis shows no radiation-dose relation AMEE RO B T, B & kIR O
for acute granulocytic leukemia but an increase of EAHERE 0 SEIREHEE b O BG E Fous A, fidE ORI
fibrosis on both sites in patients with chronic W o o, L L, BESHEEO0RETE, &
granulocytic leukemia who received 100rad or more MRRE 100 rad Bl E QSR E 2 1 4B b o T IHE £ IR

ATB was observed (Table 9).
statistically significant differences for frequency of
fibrosis by dose.

However, there are no

The occurrence of blast crisis in chronic granulo-
cytic leukemia as related to radiation dose ATB is
given in Table 10. Seven of 31 patients (21%) who
received 1rad or more ATB developed blast crisis and
13 of 58 patients (22%) who received less than lrad
ATB developed blast crisis. Evidently there is no
relation between radiation dose and development of
blast crisis.
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TABLE 8 SEVERITY OF LEUKEMIC CELL INFILTRATION BY DOSE & TISSUE IN 348 PERSONS WITH LEUKEMIA
BORN BEFORE AUGUST 1945

19454 8 H LIATIZ & £ 0 7= 8 o (LML 348 1l 0 M fhist it 5 & UF LR

#8

F AR DR E

A, Acute Leukemia (257 Autopsies)

B A (58 257 /)

T 65 Dose it (rad)

Tissue
ML 100+ 1-99 <1
Severe  Moderate None Severe Moderate MNone Severe  Moderate None
N ] o 5 &L & Bkt 3 L i o &L
Brain No. ¥l # 2 4 14 i] 3 11 11 22 105
i % 10.0 20.0 70.0 0 21.4 78.6 8.0 15.9 76.1
Meninges No. 2 8 10 0 5 9 12 30 97
1t B % 10.0 40.0 50.0 0 35.7 64.3 8.6 21.6 69.8
Bone marrow No. 28 7 1 17 4 4 136 40 20
i % 77.8 19.4 2.8 68.0 16.0 16.0 69.4 20.4 10.2
Spleen No. 22 12 2 9 11 5 46 48 21
I % 61.1 33.3 5.6 36.0 44.0 20.0 44.4 44.9 10.7
Lymph nodes No. 22 7 7 11 ¥ 7. a5 69 32
R ] % 61.1 19.4 19.4 44.0 28.0 28.0 48.5 35.2 16.3
Liver No. 13 14 9 6 10 9 50 108 38
IFF Ik % 36.1 38.9 25.0 24.0 40.0 36.0 25.5 55.1 19.4
Kidney No. 10 19 7 3 9 13 33 90 73
" % 27.8 52.8 19,4~ 12.0 36.0 52.0 16.8 45.9 37.2
Lung No. 3 14 19 2 9 14 20 81 95
Wil % 8.3 38.9 52.8 8.0 36.0 56.0 10.2 41.3 48.5
Heart No. 1 16 19 0 8 17 4 86 106
Lo % 2.8 44.4 52.8 0 32.0 68.0 2.0 43.9 54.1
G-1 No. 2 21 13 0 10 15 13 87 96
" -8 % 5.6 58.3 36.1 0 40.0 60.0 6.6 44.4 49.0
Genital organ No. 2 8 26 1 5 19 13 54 129
8 % 5.6 22.2 72.2 4.0 20.0 76.0 6.6 27.6 65.8
Endocrine No. 1 15 20 1 T 17 6 81 109
W 5 il B % 2.8 41.7 55.6 4.0 28.0 68.0 3.1 41.3 55.6
Bladder No. 0 8 28 0 4 21 5 23 168
i % 0 22.2 78.8 0 16.0 84.0 2.6 11.7 85.7
Muscle Nao. 1 4 31 0 1 24 2 & 186
LG % 2.8 11.1 86.1 0 4.0 96.0 1.0 4.1 94.9
Skin No. 0 5 31 0 2 23 8 25 163
1% 1 % 0 13.9 86.1 0 8.0 92.0 4.1 12.8 83.2
Significance test shows P>.10 for all except kidney (P<.10)
HEMHREOHEREP > 10, X LEEOAP < .10
B. Chronic Granulocytic Leukemia (91 Autopsies) &1+ i % (1 1 4 ( &) B 9141 )
e T65 Dose it (rad)
Tissue —_
] 100+ 1-99 <1
e _Severe Moderate None Severe Moderate None Severe Moderate None
T th 3 &L B o 2 g &L £l o g %L
Brain No. {5 # 0 0 9 0 4 8 1 13 31
fik % 0 0 100.0 0 33.3 66.7 2.2 28.9 68.9
Meninges No. 0 1 8 0 5 7 2 14 29
i i % 0 11.1 88.9 0 41.7 58.3 4.4 31.1 64.4
Bone marrows No. 10 4 1 11 4 3 37 16 5
i il % 66.7 26.7 6.7 61.1 22.2 16.7 63.8 27.6 8.6
!
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TABLE 8 # 8

Continued it &

T65 Dose & (rad)

Tissue
. 100+ 1-99 =i <1
Severe Moderate None Severe Moderate None Severe Moderate None
HE o &L o o &L W o % 2L
Spleen No. i # 11 3 1 10 6 2 30 22 6
e % 73.3 20.0 6.7 55.6 33.3 11.1 51.7 37.9 10.3
Lymph nodes No. 9 6 0 9 5 4 32 18 8
Ui % 60.0 40.0 0 50.0 27.8 22.2 55.2 31.0 13.8
Liver No. 5 7 3 8 6 4 14 35 9
I i % 33.3 46.7 20.0 44.4 33.3 22.2 24.1 60.3 15.5
Kidney No. 2 3 10 2 6 10 8 32 18
i % 13.3 20.0 66.7 11.1 33.3 55.6 13.8 55.2 31.0
Lung No. 0 5 10 3 2 13 7 27 24
i % 0 33.3 66.7 16.7 11.1 72.2 12.1 46.6 41.4
Heart No. 0 6 9 1 5 12 3 18 37
L % 0 40.0 60.0 5.6 27.8 66.7 5.2 31.0 63.8
G-1 No. 1 2 12 1 5 12 3 20 35
W - % 6.7 13.3 80.0 5.6 27.8 66.7 5.2 34.5 60.8
Genital organ No. 2 1 12 0 5 13 2 19 37
s % 13.3 6.7 80.0 0 27.8 72.2 3.5 32.8 63.8
Endocrine Na. 1] 4 11 ] 9 9 [\] 24 34
SRR % 0 26.7 73.3 0 50.0 50.0 0 41.4 58.6
Bladder No. 1 1 13 . =0 1 17 0 4 54
e B % 6.7 6.7 86.7 0 5.6 94.4 0 6.9 93.1
Muscle No. 1 1 13 0 3 15 2 9 47
B % 6.7 6.7 86.7 0 16.7 83.3 3.5 15.5 81.0
Skin No. 0 1 14 0 3 15 0 7 51
] % 0 6.7 93.3 0 16.7 83.3 0 12.1 87.9

Significance test shows P >.10 for all except kidney (P<.10) & lung (P<.05)
HEHEBRTOHERIP > 10, AL LERIEP < 10 T < .05

TABLE 9 FREQUENCY OF BONE MARROW & SPLENIC FIBROSIS AT AUTOPSY IN ACUTE AND CHRONIC
GRANULOCYTIC LEUKEMIA BY RADIATION DOSE

£O Qs & ORI RHEE A OBIRIC 515 5 B 5 & O MBRAERE O IE : FOH R 7I
Type of Leukemia T 65 Dose ##t (rad) Test for
Significance
B 1 5 B 100+ 1.99 <1 1w
Bone Marrow & it4
Acute granulocytic Positive i 14 1 1 6
B Negative &% 23 13 129
% Positive FR#Es 4.2 7.1 4.4 P>.10
Chronic granulocytic Positive 18 1% 4 2 6
18 14 - 1l 1 Negative  pai4 11 16 52
.% Positive gz 26.7 111 10.3 P>.10
Spleen  H5 i
Acute granulocytic Positive FE 1 9
AR Negative  [&t% 23 14 133
% Positive [BiEEE 4.2 150 P>.10
Chronic granuloeytic Positive s 3 2 5
1R B E A Negative  Eff 12 16 53
% Positive [BH#E¥E 20.0 11.1 8.6 P>.10
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TABLE 10 OCCURRENCE OF BLAST CRISIS IN 91 PATIENTS WITH CHRONIC GRANULOCYTIC
LEUKEMIA WHO WERE BORN BEFORE AUGUST 1945

#10 19455 8 H LIATIZE £ N 2 OB MR8 3 s 91 o B dE b o 4 i

T65 Dose #fit Blast Crisis 21k (b Test for
(rad) Significance
Present # % Absent # L % 15 1
100 + 1 6.7 14 93.3 .
1-99 6 33.3 12 66.7
<1* 13 22.4 45 77.6 P>.10
Total & &t 20 22.0 71 78.0

* Includes not-in-city ATB MBEFHATEEEE

ir

TABLE 11 PRESENCE OF TUBERCULOSIS IN 257 ACUTE LEUKEMIA & 91 CHRONIC GRANULOCYTIC
LEUKEMIA AUTOPSIES BY RADIATION DOSE, HIROSHIMA & NAGASAKI

#11

SV IR 1 B 257 1 & M1 1 A I R OLE 12 it B
O E: R,

B - F A At

Tuberculosis

T65 Dose #2it (rad)

3 i 100+ % 199 % <1 %  Total % E;;
Acute Leukemia & 1417 M55

Active i it 1 2.8 3 12.0 16 8.1 20 7.8

Inactive 3 i% # % 4 11.1 3 7 120 17 8.7 24 9.3

None L 31 86.1 19 76.0 163 83.2 213 82.9

Total & & 36 100.0 25 100.0 196 100.0 257 100.0 P=.10

Chronic Granulocytic Leukemia 18 1% B {4 (3 M0 5%

Active il i T 5 33.3 4 22.2 5 8.6 14 15.4

Inactive 3k i W% 2 13.3 5 27.8 6 10.3 13 14.3

None %L 8 53.3 9 50.0 47 81.0 64 70.3

Total it 15 100.0 18 100.0 58 100.0 91 P<.05

100.0

*
X REE, BB, FEHEERE S L CERO 2
The presence of tuberculosis at autopsy in patients
with leukemia is given in Table 11. In acute leukemia
there is no relation between radiation dose ATB and
the presence of tuberculosis. For chronic granulo-
cytic leukemia there does appear to be significantly
more active tuberculosis in persons who received
higher doses of radiation ATB. In Table 12 the
occurrence of tuberculosis in autopsies of persons
with chronic granulocytic leukemia is examined by
The dose
in the 1956-60 period and
active tuberculosis is entirely absent in the autopsies
of chronic granulocytic leukemia after 1960. It is
presumed that the difference in frequency of
tuberculosis which appeared to be related to dose is
variable ‘other than

year of death as well as radiation dose.

relation is found only

due to some unrecognized

radiation.

Table 13 gives the duration of disease from onset of
first symptoms to death for acute and chronic granulo-
cytic leukemia in relation to three radiation dose

groups. In acute granulocytic leukemia there is a

BEDEoRTE o0 RN ERL .

12

X 2test was conducted for active and inactive tuberculosis, and no tuberculosis by three dose groups.
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TABLE 12 FREQUENCY OF TUBERCULOSIS IN 91 PERSONS WITH CHRONIC GRANULOCYTIC LEUKEMIA
AT AUTOPSY BY RADIATION DOSE & YEAR OF DEATH, HIROSHIMA & NAGASAKI

#£12  BIFEF IS G AR O & - 2 H LI BT 2 B
MR B K USECRSERR, K - RE&H
Tuberculosis 1949.55 1956-60 1961.69
it W0+rad % 199 % <1 % 100+ % 199 % <1 % 100+ % 199 % <1 %
Active
& @k 2 286 1 333 1 20,0 3 42.9 2 16.6 i S O | 1 1 33.3 1 3.8
Inactive
i 1 200 2 286 4 333 1 37 1 333 4 154
None
L 5 T i oo 1 20,0 3 60.0 2 286 6 50,0 23 852 1 100 1 333 21 808
Significance
o P>.10 P<.06 P>.10
TABLE 13 AVERAGE DURATION OF ACUTE & CHRONIC LEUKEMIA IN MONTHS
BY AGE AT DEATH & RADIATION DOSE
#13 Atts L UREAMFEF O FEEFHE (A BEA ) FECIEER & £ FREHER R
T65 Dose &t (rad) B
Age —
% 100+ 1-99 <1
i =
Duration *Eff 10 No. il #t  Duration %77 01 No. #l % Duration % 781 No. {1 %
Acute Leukemia EEQME
<15 1.8 5 5.6 3 6.3 11
15+ 7.9 31 4.9 22 6.6 185
Chronic Granulocytic Leukemia 18 # - & % /3 i 55
<15 2.0 1 7.0 1
15+ 40.8 14 42.6 18 27.1 56
consistent relation to radiation dose only in those B, MEHERE - FEOMEIZDLRAL. ZORTI,

who were under 15 at the time of death. [n this
group the greater the radiation dose, the shorter is
the duration of disease after onset of symptoms. In
chronic granulocytic leukemia the duration of disease
is longer in persons who received more than 1rad
ATB. The average duration of disease is also
examined by three subperiods, 1949-55, 1956-60 and
1961-69 (Table 14). In general throughout these
three periods, there is a tendency for the average
duration in months to be longer in those who received
1rad or more than in those who received less than
l1rad. In all groups the duration of disease is longer
after 1960 than before which suggests that a factor
other than radiation is responsible. This factor could
well be greater use and experience with antileukemic
drugs. Based on the life table methods, the survival
rate was calculated. Survival curves for chronic
granulocytic leukemia patients who received more or
less than 1rad ATB are shown in Figure 1. It is
longer in those who received 1rad or more. [t is also
longer in those who had either active or inactive
than in those with no evidence of
tuberculosis at autopsy (Table 15).

tuberculosis
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TABLE 14 AVERAGE DURATION OF DISEASE IN MONTHS IN PATIENTS WITH CHRONIC GRANULOCYTIC LEUKEMIA,

AGE AT DEATH 15 YEARS OR OLDER BY RADIATION DOSE & YEARS OF DEATH

#14  FECREEE 156 DL EOBMEE I QMG 50 5 FEE M (H W) M & & UFECRR R ER
’ 3 PO

T65 Dose Year of Death JEL :
i 1949.55 1956-60 1961-69 Total it
(rad) Mean F#1f No. i #f Mean T2 No. i Mean T No. H 2 Mean FH#E No. Hl#
100 + 19.8 7 51.0 7 78.0 1 38.2 15
1.99 32.6 3 42.7 12 52.3 3 42.7 18
< 22.0 5 18.7 27 36.5 25 26.8 b7
Total & it 23.1 15 29.9 46 39.6 29 31.9 a0

TABLE 15 AVERAGE DURATION OF CHRONIC GRANULOCYTE LEUKEMIA IN MONTHS
BY TUBERCULOSIS & RADIATION DOSE

F#15 MR I T A 0 T A TR AR (H B

RO A I U g R R

T 65 Dose Tuberculosis #54#% .
(-%5?— l{t) Present & 1 Absent & L
ra
Mean “E¥if No. {5 # Mean F# No. 7
100+ 44,5 7 32.7 8
1.99 43.2 9 42.1 9
<1 31.6 10 25.7 47
Total & if 39.1 26 28.9 64
MANN-WHITNEY U TEST FOR TWO GROUPS
ZOo@OFIZ2 T O Mann-Whitney U Test
Group ¥ Significance
II H &M
1. Tuberculosis % Present & ¥ Absent % L P<.05
2. T65 Dose T 65 # ik 1+ <1 P<.01
3. Tuberculosis % Present Present P> .05
T 65 Dose T 65 #8 it 1+ <1
is 5 Absent Absent
4. Tuberculosis ¥ Sen Pe.05
T 65 Dose T 65 #2 it 1+ <1

A second malignant tumor was found at autepsy in
nine of the cases of acute leukemia and four of the
chronic granulocytic leukemia cases. Of the 13
malignant tumors 8 were of low grade (7 occule
thyroid tumors and one carcinoma in situ of the
cervix). The five agressive tumors consisted of
single cases of bronchogenic carcinoma, endometrial
carcinoma and adenocarcinoma of the stomach in
patients with acute leukemia and a reticulum cell
sarcoma and carcinoma of the ethmoid sinus in two
patients with chronic granulocytic leukemia. The
absence of relation between granulocytic sarcoma in
granulocytic leukemia and exposure dose has been
reported separately.l5
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DISCUSSION

It is more than 25 years since people in Hiroshima
and Nagasaki were exposed to a single dose of
whole-body irradiation. During this time it has been
demonstrated that leukemia is greatly increased in
those who were irradiated especially if they received

large doses of 100rad or more ATB.2:14  This
autopsy study also indicates that, although the
effect is decreasing with the passage of time,

persons exposed to large doses of radiation ATB
still had a greater risk of developing
during 1965-69. In a recent study based on death
certificates involving many more cases (the entire

leukemia

LSS sample as denominator and all certified leukemia
deaths as numerator) Jablon and Kato made the same
observations and showed that they were stacdistically
significant (F igure 2). 14
Despite the long interval, the accumulation of new
information and the statistical certainty that most of
" the leukemia cases in the high radiation dose group
probably these leukemia
cases cannot be distinguished from so-called sponta-
Pathologically, no
autopsy case could be specifically differentiated and
designated as being
trasted to the natural *'spontaneous’’type.

are radiation-induced,

neous leukemia. individual

*‘radiation-induced’’ as con-

In both acute leukemia and chronic granulocytic
leukemia there is no significant difference in organ
weights (spleen, liver, kidney), in
leukemic cell infiltration (15 organs and tissues), in

intensity of
bone marrow or splenic fibrosis, in occurrence of
blast crisis or in occurrence of tuberculosis when
patients exposed to 100rad or more and 1-99rad
ATB are compared with patients
less than lrad ATB.
the
leukemia.

who received
There is no predilection
for development of a particular type of
Both acute and chronic granulocytic
leukemia are increased in proportion to radiation dose
received. It might be that acute lymphocytic leukemia
is increased in the 100rad or more radiation dose
group but the number of cases is small. The “‘other”’
types of acute leukemia (myelomonocytic, monocytic,
erythroleukemia,
in the 100rad or more dose group. Chronic lympho-
cytic leukemia, a rare disease in Japan, evidently is
not affected by radiation;
in Hiroshima and the three cases in Nagasaki were
in persons who received less than 1rad ATB. Other

studies have shown that the Philadelphia chromosome

and unclassified) are less frequent

there were no cases at all

is found as frequently in *‘radiation-induced’’ chronic

granulocytic  leukemia as in *'spontaneous’’

leukemia. 16

There is some evidence to support the hypothesis
that radiation is a stimulator or inducer for leukemia
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and that other unknown factors are more important as
causes of leukemia. Although the prevalence rate of

leukemia is related to radiation dose there is a
remarkably increased risk for persons who received
100 rad or more, it is also true that very few exposed
Acute granulocytic
leukemia and chronic granulocytic leukemia probably

are not due to a single cause but they are affected to

persons develop leukemia.

an approximately equal degree by radiation. Chronic
lymphocytic leukemia rarely occurs in Japanese and
is also not induced by radiation. The apparent
leukemogenic effect of radiation is persistent but its
influence diminishes with the passage of time and in
proportion to the radiation dose received.l4

The reasons for the longer average duration of
disease and possibly diminished intensity of leukemic
infiltration in the lung and kidney of chronic granulo-
cytic leukemia patients who received 1rad or more of
These presumably
are due to some factor other than radiation since no

dose-response relationship could be demonstrated,

radiation remain to be clarified.

but further study is warranted.

ThidLVWIRFLZ2ESUHI2EHFETS5,. AMBEO
RE IR RECEERS S0, 100 rad DLEOKERE 2
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1rad £ 20D LOBHEHEEZ I BESHER
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