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OBSERVATIONS ON TYPE-SPECIFIC LEUKEMIA, SURVIVORSHIP AND CLINICAL BEHAVIOR
OF RADIATION-RELATED LEUKEMIA IN HIROSHIMA AND NAGASAKI, 1946-64

LB & & U E BICH W 23 M & B8 2 g 0K 0K B

S HFHE LS UVBEBRKREICEH T 32 8%

INTRODUCTION

The experience of the Atomic Bomb Casualty Commission
{ABCC) in the detection of leukemia in Hiroshima and
Nagasaki, Japan for the period 1946-64 was recently
reported.’ Between 194654 incidence rates for leukemia
were extremely high in persons exposed within 1500 m
from the hypocenters at the time of the bombs (ATB). This
period reflected maximal radiation effect. Attention was
invited also to the remarkably high rate of chronic leukemia
in persons under 30 years of age ATB and a shorter
appearance time of acute and chronic leukemia for those
within 1500 m from the hypocenters who were in this
younger age group.

This report concerns the type-specific leukemia character-
istics of the period 1946-64. Length of survival and
clinical and laboratory observations are also presented.

MATERIALS AND METHODS

The ABCC leukemia case detection and review program
has been described in detail by Finch et al® and was
summarized in the previous report.l

The measure of exposure used is the subject’s distance
in meters from the bombs’ hypocenters. This has proved
to be a useful index of radiation dosage.

During January 1946 - December 1964 in Hiroshima and
Nagasaki, 326 cases of definite or probable leukemia
occurred in persons within 10,000 m from the hypocenters
ATB. These 326 cases comprise two exposure groups:
those within 1500 m (160 cases), and a second group
between 1501-10,000 m from the hypocenters (166 cases).

All data available on these 326 cases have been reviewed
with regard to leukemia type, certainty of diagnosis,
exposure status, age, sex, and date of clinical onset of
disease. Pertinent clinical and laboratory data relating to
onset, diagnosis, start of therapy, remission and general
course were abstracted from individual medical records
and recorded on a specially developed work sheet.
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Month and year of onset of leukemia had been determined
for all cases after careful study of collected data. These
dates undergo constant review as new data are obtained.
Since the onset of acute leukemia generally produces
sudden changes in health status, a more satisfactory
dating of its onset is possible than with chronic leukemia.

To compute incidence and mortality rates a fixed Life
Span Study sample is. used.® This sample consists of
approximately 100,000 persons who were alive and
resident in Hiroshima or Nagasaki on 1 October 1950.
The exposure category (distance in meters from the
hypocenter), sex, and age ATB are known for all members
of this sample. Of the 326 cases of leukemia detected in
those exposed between 0-10,000 m, 88 cases occurred in
this fixed population and incidence rates have been com-
puted for this latter group.

In this report median survival time is expressed in months
(30 days equalling one month) from the estimated date of
onset to the date of death. The accuracy of the survival
time determination is limited by the accuracy of dating
onset. (i

RESULTS

Distribution of Specific Leukemia Types Three specific
leukemia types, acute granulocytic, acute lymphocytic,
and chronic granulocytic, constitute 76.3 % of the cases
occurring in the 0-1500 m group. In the 1501-10,000 m
group 60.3% of the cases belonged to these same three
specific leukemia types. The distribution by type, period
of onset and exposure for the 326 cases is shown in

Table 1.

In the 0-1500m group, acute granulocytic leukemia and
other acute leukemias tended to be equally distributed in
the two time periods, 1946-55 and 1956-64. However,
chronic granulocytic and acute lymphocytic leukemia in
this exposure group showed a definite excess of cases
(83.6% and 74.3 % respectively) during 1946-55 with only
16.4% and 25.7 % respectively occurring between 1956-64.
Distribution percentages in the 1501-10,000m group
generally follow a pattern of a lesser percentage of cases

in the 1946-55 period compared to the later period 1956-64.

Figure 1 shows the similar distribution curves for cases
of chronic granulocytic and acute lymphocytic leukemia
developing between 1946-55 in those exposed within
1500 m. This same pattern is also seen for these specific
leukemia types occurring in the Life Span Study sample.
By contrast acute granulocytic and acute leukemia, other
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TABLE 1 LEUKEMIA DISTRIBUTION BY TYPE, PERIOD OF ONSET, AND EXPOSURE
#1 AMBOTA: B - EHEEFM - BT

g T
o 1946.64 1946-55 1956-64
Type of leukemia S
5] 1 55 o # Y Number Number Number
b % 4 % 3 %
0-1500 m
Acute Granuloeytic SEEE ..o 32 100 15 46.9 17 53.1
Acute Lymphoeytic B1EY > 3% 35 100 26 74.3 9 25.7
Acute Other Z OO BHET o, 37 100 15 40.5 22 59.5
Chronic Granulocytic 18 {H HifE 55 100 46 83.6 9 16.4
Chronic Other £ OO EIER 1 100 1 100 0 .
Total &t 160 100 103 64.4 a7 35.6
1501-10,000 m
Acute Granulocytic S & HifE 5 44 100 11 25.0 33 75.0
Acute Lymphoeytic 81 > % 22 100 a 40.9 13 59.1
Acute Other £ O BMER . 62 100 25 40.3 7 59.7
Chronic Granulocytic BfEE#IME. ... 34 100 13 38.2 21 61.8
Chronic Other £ @b Med:8I 4 100 0 . 4 100
Total #t + 166 100 58 34.9 108 65.1

FIGURE 1 DISTRIBUTION OF LEUKEMIA 0-1500 m
1 0—1500m B = & 07 % 1 M7 55 76

10 T T 1
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types, exposed within 1500 m are more evenly distributed
in both periods of time. The distribution patterns of type-

specific leukemia are similar for both cities.

Table 2 shows the distribution of type-specific leukemia
by exposure category in the total population and in the
Life Span Study sample. Within 1500 m the distribution
pattern of type-specific leukemia is similar in these two
Thus, the Life Span Study sample may be
regarded as representative of the larger population exposed

populations.

within 1500 m. However, this similarity between popu-
lations is not so clear between 1501-10,000m. This may
be ascribed to the smail number of leukemia cases occuring
in this exposure category of the Life Span Study sample.

MA & 2 o fo Bloo Stk o s i EART & & (2 & 0 ByE
AL T O A, FIMHEORBMN S OEHIZEEID &
CTHMLTY A,

F21, 2AORIUBGHEREAISTIAMKOE
FIEIO ERE R Sy Ay A A b, 1500m DI T, Al
FOFRG AR MA DI TRRZERE AL T
Z., Lido 1, HadEEEALI0m A0 #ES S
AbEftETabEits Lo ThEAS. LA
L, 1501—10,000m k@ A D oHEMEEs 205
EhLAgv, 24Uk, BadERA0 I omBREICESE
L MEF AT v ooy Liv ke,

TABLE 2 DISTRIBUTION OF DEFINITE AND PROBABLE LEUKEMIA CASES BY TYPE AND EXPOSURE

#£2

WTHE Y & £ NIITERE L O O AR L A - R EER

. Total Life Span Study
L;u:;fmla 3t BEHEE
{17 e = -
Number # % Number £ %
0-1500 m
Acute Granulocytic 2R H1E .. 32 20.0 13 21.3
Acute Lymphoeytic BIEY > 35 21.9 12 19.7
Acute Other F QMO BT . 3% 23.1 13 21.3
Chronie Granulocytic f1EEBEE 55 34.4 22 36.1
Chronic Other # O OBEEE oriiieerinnns 1 0.6 1 1.6
Total 160 100 61 100
1501-10,000 m
Acute Granulocytic 2 HEBBE . 44 26.5 4 14.8
Acute Lymphoeytic 81D ¥ 2k 22 13.3 4 14.8
Acute Other # OO BIER s 62 37.3 10 37.0
Chronic Granulocytic R1E&8ME .. 34 20.5 9 33.4
Chronic Other 7 @b 81ER 4 2.4 i]
Total #t 166 100 27 1)

Incidence of Specific Leukemia Types in a Defined
Population Of 326 cases of leukemia in survivors within
10,000 m, 88 developed in Life Span Study sample
members. All of these 88 persons experienced their onset
of leukemia between 1946-64 and all died between 1950-64.
These 88 cases form the basis for calculations of type-
specific leukemia rates per 100,000 persons per year by
exposure group and sex for the periods 1950-54, 1955-59
and 1960-64 (Figure 2). Note that the acute lymphocytic
(AL) and chronic granulecytic (CGj types of leukemia
parallel one another tnroughout these periods with peak
rates during 1950-54, while acute granulocytic (AG) and

BEAOICS Y30 MHEOREBGZERE  10,000m LA
DR TR R B0 A B LA 326 {5 vh 881 11 A i B AR
AITFEE L. 2 o8B IE v T 4 1946 — 64 VT e
L, 1950 —64HE/MIZFET LTV 3. 2 o 88fz3ET0 T,
1950 — 544F | 1955 — 594F & 1960 — 644- o0 BRI Z 11 4
{975 #5405 B 0 BEHELE 4 B 0 — 1 B e AT 100,000 A Y
o) R EIE L =Y Ll
m#H (AL) SMMgstEamm (CG) 1k, &M%
WETPFLA#REERL, & 4121950 IZRET
hbH. chizgl T, affEMEansE (AG) ££20

(X2)



acute leukemia, other types (AQ) follow a different pattern
with peak rates during 1955-59. The incidence rates for
all specific leukemia types in the group within 1500 m
definitely exceed the incidence rates of their corresponding
types in the 1501-10,000 m group. These latter rates are
similar in magnitude to the spontaneous incidence rates
observed by MacMahon and Clark® for Brooklyn, New York
between 1943-52. Unfortunately type-specific leukemia
incidence tables by age and sex are not available for all
Japan. In addition, attention is directed to the incidence
rates for persons exposed within 1500m which are
generally higher in males during 1950-59. This is
particularly true for chronic granulocytic leukemia.

Figure 3 represents type-specific leukemia incidence rates
per 100,000 persons per year by age ATB and exposure
status during 1950-54, 1955-59 and 1960-64. The following
relations are noted:

1950-54 This earlier period was characterized by maxi-
mum incidence of leukemia of all types in persons 0-29
years of age ATB and exposed within 1500 m. An
increase in acute granulocytic leukemia for people over 30
years of age ATB and exposed within 1500 m is also seen.
Only chronic granulocytic leukemia occurring in the group
within 1500 m showed increased incidence rates for all
age groups analyzed. The high incidence rate (26 cases
per 100,000 persons per year) of chronic granulocytic
leukemia in those who were 0-14 years of age ATB and
exposed within 1500 m is again noted.

1955-59 This middle period was characterized by declining
incidence rates in those exposed within 1500m for all
leukemia types except acute granulocytic leukemia in
persons over 30 years of age ATB (30 cases per 100,000
persons per year) and acute leukemia, other types, which
showed an increase in persons 15-29 years of age ATB
(18 cases per 100,000 persons per year) and over 45
years of age ATB (9 cases per 100,000 persons per year).

1960-64 This later period showed a further decline in
incidence rates in all leukemia types for all age groups
exposed within 1500 m. The rates in the 1501-10,000 m
group are increased during this period and reflect the
increasing rate of spontaneous leukemia in Japan since

1950.°

In Figure 4 annual incidence rates for type-specific leu-
kemia by age ATB (0-29 years and over 30 years) sex
and exposure group are pictured. During 1950-59 the
rates for males exposed within 1500 m were generally in
excess of those for females in all leukemia types except
for acute granulocytic and acute leukemia, other types,
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FIGURE 2 ANNUAL INCIDENCE* PER 100,000 BY TYPE OF LEUKEMIA, AGE ATB, YEAR OF ONSET
SEX AND EXPOSURE
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FIGURE 3 ANNUAL INCIDENCE* PER 100,000 BY TYPE OF LEUKEMIA, AGE ATB, YEAR OF ONSET
AND EXPOSURE
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FIGURE 4 ANNUAL INCIDENCE* PER 100,000 BY TYPE OF LEUKEMIA, EXPOSURE GROUP AND SEX
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between 1950-54. Particular attention is called to the
predominance of males during 1950-54 with chronic
granulocytic leukemia who were 0-29 years of age ATR
and exposed within 1500 m. Also during 1955-59 males
predominated in those cases of acute granulocytic leukemia
in persons over 30 years of age ATB and exposed within
1500 m.

Survival Time In the computation of survival times from
onset of leukemia to death the cases of leukemia in each
exposure category have been divided into two groups
based on age (0-29 years and over 30 years of age ATB).
Twelve persons were still alive in December 1965 including
1 case of chronic lymphocytic leukemia between 1501-
10,000 m{survived 53.9 months); 5 cases of chronic granulo-
cytic leukemia exposed within 1500 m (survival times
range from 32.0 to 129.4 months); 6 cases of chronic
granulocytic leukemia between 1501-10,000m (survival
times range from 16.7 to 116.5 months). Of the 12 cases
2 were excluded from the final analysis because the indi-
vidual survival times, calculated to December 1965, were
less than the median survival for their respective groups
{one case of chronic granulocytic leukemia exposed within
1500 m and 0-29 years ATB, survived 16.7 months; and
one case of chronic granulocytic leukemia between 1501-
10,000 m and over 30 years ATB, survived 32.0 months).
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In 1955 therapy for both acute and chronic leukemia
entered a new era with resultant prolongation of survival
times, however, analyses of each group showed no sig-
nificant alterations in survival patterns for the periods
1946-55 and 1956-64. Therefore, only the total experience
for 1946-64 is presented here.

For the period 1946-64 analysis by exposure groups for
all chronic leukemia cases who were 0-29 years of age
ATB showed a shorter median survival time of 32.7 months
in those within 1500 m compared with 36.1 months for
those between 1501-10,000m. Over 30 years of age
ATB a longer survival time of 39.8 months was found in
those within 1500 m compared with 36.1 months for those
between 1501-10,000 m. On the other hand, analysis of
all acute leukemia cases showed that those within 1500 m
had almost similar median survival timesin both age groups
(0-29 years of age ATB - 3.7 months; over 30 years of
age ATB - 3.7 months) as their comparison groups between
1501-10,000 m (0-29 years of age ATB - 4.7 months;
over 30 years of age ATB - 3.0 months).

Table 3 shows the median survival times for the leukémia
types which predominated in Hiroshima and Nagasaki.
Survival times in acute granulocytic leukemia for both
exposure groups and in both age proups are almost identi-
cal. For acute lymphocytic leukemia during 1946-6G4, the
median survival time was slightly shorter in both age
groups for those cases exposed within 1500 m when com-
pared with the similar groups between 1501-10,000 m.
The median survival time for chronic granulocytic leukemia
was shorter in the 0-29 year age group and longer in the
group over 30 years for those cases exposed within 1500 m
compared with the similar groups between 1501-10,000 m.
Finally, for the period 1946-64 those cases of acute
leukemia, other types, who were 0-29 years of age ATB
and exposed within 1500 m had a median survival time
almost identical to that of the comparable group between
1501-10,000 m (3.0 months versus 3.3 months respectively).
Conversely, during the same period those cases who were
over 30 years of age ATB and exposed within 1500 m had
a longer median survival time than their counterparts be-
tween 1501-10,000m (9.0 months versus 3.0 months
respectively). This latter finding must be viewed with some
suspicion because of the heterogeneity of leukemia types
which compose this group.

In general the survival time findings presented must be
regarded with caution because no statistically significant
differences were noted and with the small number of
cases involved any difference observed could be due to
random fluctuation.
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TABLE 3 MEDIAN SURVIVAL TIMES IN MONTHS FROM ONSET TO DEATH FOR THE PERIOD
1946-64 BY TYPE OF LEUKEMIA, AGE ATB, AND EXPOSURE CATEGORY

#3 HFEALICE TOEFEHHEOPME  AMFERE - FUREEEE - BBE SN, 1946—64F

Type of Leukemia Exposure Category o 2_9 Years& 30+ Years 3051 1
9 16 35 o0 475 B 4 SRS Number #  Median 9t Number 2t Median § 46
Acute Granulocytic 3-1500 m 19 6.0 13 2.1
B i i 1501-10,000 m 25 5.4 19 3.0
Acute Lymphocytic 0-1500 m 30 4.0 5 3.2
BEy v 1501-10,000 m 11 5.6 11 4.4
Acute Other 0-1500 m 28 3.0 9 9.0
FolOBER 1501-10,000 m 29 3.3 33 3.0
Chronic Granulocytic 0-1500 m 29 33.0 26 39.8
15 1501-10,000 m 13 36.1 20 35.7

Clinical Presentation in the Three Specific Leukemia
Types Comparisons made between the two exposure
groups by age ATDB for presenting symptomatology and
initial physical findings for each specific leukemia type
showed no significant differences. These findings are in
keeping with reports of previous investigators at ABCCS®
Also, analysis of initial white blood cell count or highest
white blood cell count achieved during the patient’s clinical
cource showed no significant correlation with exposure
category.

Because of the unexpectedly high incidence of chronie
granulocytic leukemia in the younger age group, an
additional analysis was made for those persons who were
0-29 vears of age ATB and had the onset of leukemia
before age 30. This group consisted of 20 cases exposed
within 1500 m and 10 cases between 1501-10,000m. No
significant differences in terms of presentation or labora-
tory findings were obtained between the two exposure
groups. At this time it must be concluded that in this
retrospective study no significant clinical or symptoma-
tologic differences could be found to separate those cases
of leukemia exposed within 1500 m from those between
1501-10,000 m.

DISCUSSION

In this report the pattern of sequence of the appearance
of type-specific leukemia which developed in Hiroshima
and Nagasaki in persons exposed to radiation has been
inspected more closely. Three distinctive periods have been
characterised; the early period 1946-54, the transitional
period 1955-59, and the late period 1960-64.
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In the early period, acute lymphocytic leukemia and chronic
granulocytic leukemia appeared at a high rate in those
persons exposed within 1500 m who were under 30 years
of age at the time of their radiation exposure. The pattern
of type.specific leukemia thus described was seen only in
the early period. Persons exposed within 1500 m with
acute lymphocytic leukemia fared as poorly in terms of
survival time as their comparison group between 1501-
10,000 m. Those within 1500 m who developed chronic
granulocytic leukemia lived about as long as the similarly
afflicted in the group between 1501-10,000m. Chronic
granulocytic leukemia appeared more frequently during
this early period in young males exposed within 1500 m.

The transitional period had one distinctive feature. Acute
granulocytic leukemia was detected in a relatively large
number who were past 30 years of age in 1945 and exposed
within 1500 m.

The late period exhibited an absolute decline in the
radiation effect, and is in no other way distinctive.

This retrospective study has not yielded any distinctive
clinical or laboratory differences in radiation leukemia.
The differences would indeed have to be great to be re-
flected in gross clinical and laboratory observations. In
addition median survival times calculated for the various
leukemia types did not differ significantly between exposure
groups.

That young males were more sensitive to the effects of
radiation on the basis of these observations in leukemia
is not entirely without precedent in ABCC studies. A
predilection for the male has been noted in the children
exposed in ufero who developed microcephaly and mental
retardation’ as well as in those exposed at a young age

who had subsequent retarded growth and development.'’

The salient points of observation in this study are
interpreted as further support to the generally accepted
thesis that radiation-inducedleukemia is the final expression
of a complex interrelationship of the host, his environment
and the dose and mode of the radiation received.
Specifically, a factor of dose has been delineated (as
expressed in distance) and the host factors of relative
immaturity, sex, and cell susceptibility in that leukemia
developed excessively in those exposed within 1500 m,
especially in males who were less than 30 years of age
ATB, and that leukemia in the young had its major
expression in two cell lines - acute lymphocytic and chronic
granulocytic leukemia.

Experimentally, it is apparent that factors of genotype, sex
and age, as well as the dose and mode of radiation received

10

FUEAZAL, BEBERE I 30RER M T1500m LI THE L 2~ 2
Y oMEE S SRR A EE IR
bhk. ZokaMFEREOERZINBIOARLR
2. 1500m DAY @) BEHRE 0 Bk ) > oV B R R o 2 1
HE[R]4E, 1501—10, 000m B oo FLUETE & BE 2 EE A L 1500m
VLIPS oo 4 B O M 0s, 1501 — 10,000m B oo i
EAZIEM UREEST LA, Wi,
Br@ERHEEO MBS R L L.

1500m LI e #5 e

BTl oof#EnmEsy@3noh s, ¥4 b5,
19454 (230 1L b 71500 m LI -CHii L 280 k84
PR AT A 12

BT, BATRREE oM Y S - T,
IR AT LI 20

F O H

CORBMEETIE, REHELMEI SO TR
RS LBER M 2 208 L b o 2. BEERTT
RELUVEERRERROBE TE2LEDH 2 b0, &
ERMEA T TRERL R, TAAMBO I
CTRME L M i b, BB
TEIL o T

COAMBOEEHECALALZ LI II, BEUHTak
Sz R et 4 o2 Lk, ABCC Lz 123
HTELABIA LTI 0. BB R CRET
BUNERAE £ HIBEBHIL B Tz 2 vlimA s D Y T4,
SRR LB IS 2T 0BROREERRC-

CTHEOZ EAEHLAT LR

~

CORMETEHS LN LB LRIz LTI, mE, B
B, BoShsnE s L UEATEA o Mo s 2 HE RGO
FeRBA2H & U T MBS RERMAE A EET A L,
ECHRBEN TN ELHTAEMan s, 7z,
1500m LI o #EBE, &0 b EEREC30EElcs -
HFURAMMAAERIIREL T ALk, B
OHMBEA EE LT 2o0#MiaRk, +4bt, 2 >
SPEF A ST A MR TR SRS 2 L 1L, B
MEAREL BN (WOMEBEAE) & MMM ITE CAERE, R LT
MpEesromETERNofEHERTLOTH S,

EERIIL N AR AAMBoEE LHIC
W, BRI, BETR, Ee LU



play an interacting role in the frequency and type of
Generally, in the irradi-
ated immature mouse thymic (lymphoid) leukemia is more

LN . 11
leukemia induced in the mouse.

readily induced before the thymus undergoes involution.
Susceptibility of the irradiated mouse to myeloid leukemia
rises with increasing age.

Available information on type-specific leukemia in other
human experience discloses that individuals receiving
radiation to the thymus during the first year life developed
predominantly acute lymphoeytic leukemia.'* The present
finding of granulocytic leukemia, acute and chronic, as
the dominant type in persons exposed to radiation after
age 30 supports a similar finding of this leukemia type in
persons who received radiation for the treatment of
Indeed, if the present study
had been limited to a group of persons well into adult
life the role of the lymphocyte in the young in the response
of the host to radiation would not have been observed.

ankylosing spondylitis.'

That both acute lymphocytic and chronic granulocytic
leukemia occurred in the young survivors of Hiroshima
and Nagasaki is of particular interest. When more
complete estimates of rad doses become available it might
be possible to explore quantitatively the alternative pathways
in the young which led to either acute lymphocytic or to

chronie granulocytic leukemia.

Because chronic granulocytic leukemia is almost uniformly
described by an alteration in the 21 chromosome, also

seen in familial lymphocytic leukemia and Down’s syndrome,

it is tempting to speculate that radiation could produce
this type of leukemia, which may represent a specific mu-
tation, at a dose differing from that which produced acute
Cole and Nowell'* described the
cell-killing effect of a single high sublethal dose of radiation
which decreased substantially the incidence of spontane-

lymphoeytic leukemia.

ous leukemia in the LLAFi mouse. The analogy, completely
unsupported in the present study, can be made that a
given dose of radiation was lethal to the majority of
lymphocytes but induced a mutation in the granulocyte,
while a dose differing in quantity and kind (neutron or
gamma) initiated the process of de-differentiation in the
lymphocyte.

It has been shown that ionizing radiation can alter the
chromosomal pattern of human leukocytes causing structural
aberrations as well as aneuploidy. both of which can persist

for a considerably long time.'®!” The degree and specific
types of chromosomal changes induced by radiation may
be related to the particular sensitivity of the cell involved.
What role these alterations have in the ultimate production

of leukemia in an individual is unclear.'®
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SUMMARY

A retrospective study has been made of leukemia which
occurred in Hiroshima and Nagasaki, Japan during
1946-64. Type-specific characteristics, length of survival,
and clinical and laboratory observations are presented.

Maximal incidence rates for leukemia occurred during
1950-54, especially with chronic granulocytic and acute
lymphocytic leukemia in those exposed within 1500 m who
were 0-29 years of age at the time of the atomic bombs.
This was followed by a transitional period of radiation
effect during 1955-59 characterized by elevated incidence
rates of acute granulocytic leukemia in those persons who
had been over 30 years of age and exposed within 1500 m.

During the 1950-59 period a male preponderance was seen
with leukemia oceurring in persons exposed within 1500 m.
Particularly chronic granulocytic-leukemia during 1950-54
occurred mostly in males who had been under 30 years
of age and within 1500 m at the time of exposure.

Generally, no significant clinical or symptomatolpgic
difference appeared to separate those cases of leukemia

exposed within 1500 m from those between 1501-10,000 m.

The finding of elevated incidence rates for both acute
lymphocytic and chronic granulocytic leukemia in the
young age group and granulocytic leukemia, acute or
in the older age group suggests that age at
exposure and possibly dose are just two of several factors

chronic,

which may determine the type of specific leukemia response
in the human. Experimental investigations in the mouse
and other human experience tend to support these obser-

vations.
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