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SUMMARY -
A study was made of 23 instances of terminal blast
crisis which occurred in 101 chronic granulocytic
leukemias who came to autopsy in Hiroshima and
Nagasaki during the period 1949-69. There was no
evidence that the occurrence of blast crisis was
related to prior radiation exposure at the time of the
A-bomb. Blast crisis was found more frequently in
recent years, but the increase was not statistically
significant.  Hemorrhage into the gastrointestinal
tract and lungs and leukemic cell infiltrates in
the kidneys, gastrointestinal tract, and adrenals
were found more frequently in leukemias with terminal
blast crisis.

INTRODUCTION

A large increase in the occurrence of leukemia in
the heavily irradiated group of survivors in Hiroshima
and Nagasaki was one of the earliest documented
effects of irradiation from the A-bomb.1.2 However,
no individual case could be specifically recognized
and designated as being radiation-induced rather
than of the ‘usual spontaneous’ type.3 Continuous
and repeated study and comparison of many features
of leukemia have uncovered no clinical, hematologic,
chromosomal or pathological differences between

irradiated leukemic survivors and controls. 4,3 The
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study of another feature of leukemia, the occurrence
of blast crisis in patients with chronic granulocytic
leukemia (CGL), provides still another oppormnity to
search for a distinguishing characteristic of radiarion-
induced leukemia.

Blast crisis is a transformation of CGL into a
leukemia with cytologically immature blast forms in
the bone marrow and peripheral blood and the
development of a picture closely resembling that of
acute granulocytic leukemia. At this time, the
prognosis becomes that of the acute fulminating form
of leukemia. The reported frequency of conversion
from CGL to the acute blastic form varies from 18%
to 95%.20 Qften in the blast crisis, the *‘toral
immaturity count,’”’ that is the summation of myelo-
blasts and promyelocytes in the bone marrow and
peripheral blood is in excess of 30%. Blast crisis
may be recognized at autopsy when a patient who
previously had well—documented CGIL. is found to
have unequivocal evidence of myeloblastic infiltration
in bone marrow, spleen and other tissues. = There
appears to be no correlation between preceding
antilenkemic therapy and the appearance of blast
crisis, 7+8 but the possibility of myelotoxic effects
of a new mutation induced by X-rays, radioactive
isotopes or chemotherapy can not be entirely
excluded. Many studies have been published on
blast crisis in CGL, especially with regard to
cytogenetic, 9,10 cytochemical,? autoradiographic,10
kinetic11,12 and clinicall3-15 aspects. This report
examines the relation of blast crisis to whole-body
irradjation at the time of the bomb (ATB) and
describes the autopsy findings in 23 cases of CGL
with terminal blast crisis found among 101 CGL
cases autopsied in Hiroshima and Nagasaki, Japan,
during the period 1949-69.

MATERIALS AND METHODS

In both Hiroshima and Nagasaki, a concerted and
special hematologic (HE39) leukemia
surveillance program!6 has been maintained by the
University Medical Schools, the Medical Societies
and ABCC. Doctors are offered hematologic
consultation and laboratory service for any partient
who has any indication of a hematologic disorder

vigorous

in an effort to arive at a correct diagnosis and to
document all cases of leukemia occurring in the two
cities. Peripheral blood and bone marrow smears
are retained in files and are available for subsequent
reevaluation during the patient’s clinical course as
‘well as for comparison with autopsy findings. It
is believed that since 1949 almost all patients with
leukemia in the two cities have been recognized and
have come under observation. Therefore all persons
in the two cities diagnosed as having leukemia
including members of the fixed population described
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below are included in the HE39 sample. However,
because the population from which this sample is
drawn is open-ended and constantly varies, it cannot
be used for prevalence studies.

The JNIH-ABCC Life Span Study (LSS) sample, the
usual basis for study of prevalence and of radiation
effects at ABCC, consists of a fixed population of
approximately 100,000 irradiated and non-irradiated
persons selecred from census listings of persons
resident in Hiroshima and Nagasaki on 1 October
1950. The control subjects were matched by age
and sex to the proximally exposed survivors. The
radiation dose estimate in rad for each survivor was
determined after personal interview by trained
investigators and corrected for shielding.l?7 No
radiation dose estimate could be made for a small
group of these survivors because of peculiar and
unusual shielding configurations. A radiation dose
estimate was made in a similar manner for all
survivors in the HE39 program including those
discovered to have leukemia but who had not been
selected for the LSS sample. Appropriate cases
from both samples were used in this study of the
relation between the occurrence of blast crisis in
CGL and radiation exposure ATB. Clinical data,
gross tissues, autopsy protocols, histologic sections
and available peripheral and bone marrow smears
of all patients with an autopsy diagnosis of CGL
were reviewed and the findings were recorded
without knowledge of radiation exposure dara.
The presence of gross hemorrhage and microscopic
leukemic cell infiltration in selected tissues and
organs was recorded. Duration of disease was
calculated as accurately as the clinical history
would pemit.

RESULTS

There were 101 cases of CGL among the 474 cases
of leukemias of all types in the HE39 sample that
were autopsied from 1949 through 1969. Twenty-three
of the patients with CGL had terminal blast crisis.
Table 1 shows the incidence of blast crisis in CGL
in ‘the HE39 and LSS samples and the estimated
exposure dose ATB in rad. In the larger HE39
series only 1 of 15 persons with CGL exposed to
100 rad or more ATB had blast crisis while 14 of 62
persons exposed to less than lrad ATB had blast
crisis. In the L.SS sample 4 of 8 persons with CGL
exposed to from 1 to 99rad developed blast crisis
but of 9 persons with CGL who were exposed to
100 rad or more ATB and 5 who were exposed to
less than 1rad ATB none developed blast erisis.
There was no significant evidence of a relation
between radiation ATB and the development of
blast crisis.
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Blast crisis in the HE39 autopsy series occurred
more frequently in recent years, but the increase was
not statistically significant (Table 2). It was found
in 12.5% of CGL autopsies performed in 1949-55 and
progressively increased to 39 % in 1966-69. Examin-
ation of the distribution of these cases by age
(Table 3) showed that blast crisis occurred in 20%
to 25 % of each group regardless of age. The male-
female ratio (Table 4) for all cases of CGL was 2:1
and ¢his was not
patients with blast crisis.

significantly different for the

Gross hemorrthage was more frequent in the lungs and
gastro-intestinal tract (Table 3)
blast crisis, the
significant or suggestive.

in patients with
statistically
Leukemic cell infiltration

difference was

in histologic sections of various tissues (Table 6)
was more frequent in patients with blast crisis.
This was statistically suggestive or significant for
the kidneys, and adrenals.
In blast crisis the infiltrates consisted of myeloblasts
and mature cells and in CGL without blast crisis
they were almost entirely of mature cells.

gastro-intestinal tract,

The average duration of disease for CGL with and
without blast 41.3 and 29.4 months
respectively, and this difference
disease statistically significant when
examined by age at death (Table 7). Table § gives
the duration of CGL with and without blast crisis in
four different periods.
was of larger duration in CGL patients with and
blast Apparently this reflected
response to the increased use of chemotherapy and
possibly was related to the increased frequency of
occurrence of blast crisis (Table 2).

crisis was
in duration of
remained

In recent years the disease

without crisis.
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TABLE 1 CHRONIC GRANULOCYTIC LEUKEMIA WITH AND WITHOUT BLAST CRISIS BY SAMPLE
CLASSIFICATION AND RADIATION DOSE, HIROSHIMA AND NAGASAKI, 1949.69

#1 EIEEHEQLAENPOQMEECEE IS L UED & fH:

MRS £ U R,

[R5 - B, 1949—694F

T65 Radiation Dose (rad)

Sample Classification

No Estimate =100 99-1 <1 Total

HE39*

CGL with blast crisis 1 6 14 23

CGL without blast erisis 14 12 48 7

Total 15 18 62 101
LS5**

CGL with blast crisis 1 5

CGL without blast crisis 2 9 5 20

Total 3 9 8 5 25

*HE 39 - All autopsy cases with CGL including LSS cases.

blast crisis) who were born after 1945,
**]SS -

exposed survivors and controls.

The fixed Life Span Study sample selected from -

There were 4 persons (1 with and 3 without

1950 census listings consisting of radiation



TABLE 2 CHRONIC GRANULOCYTIC LEUKEMIA WITH AND WITHOUT BLAST CRISIS, GROUPED
BY YEAR OF DEATH, HIROSHIMA AND NAGASAKI, 1949-69

#2  RHERBELEE A ORI E O Bl b kU Eb 2 VR FECERISA
B - R, 1949—69%F

g Ay With Blast crisis Without Blast crisis _T(?s_t of
No. % No. % Significance
1949.55 2 12.5 14 87.5 2
X "=3.843
1956-60 10 20.0 40 80.0 df =3
1961-65 4 23.5 13 76.5 S
1966-69 7 38.9 11 61.1 o
Total 23 22.8 78 77.2

TABLE 3 CHRONIC GRANULOCYTIC LEUKEMIA WITH AND WITHOUT BLAST CRISIS, BY AGE AT
ONSET AND AGE AT DEATH, HIROSHIMA AND NAGASAKI, 1949.69

#3 BUEEHEARHER GO BEELEE IR LS S UEL 2 V@ RFEERER S £ UTECE
EgpRl, RS - i, 1949—694

With Blast crisis Without Blast crisis
s Test of
No. % No. % Significance
Age at onset
<15 2 20.0 8 80.0
15-39 12 25.0 36 75.0
X =218
40+ 9 21.4 33 78.6
df=2
Unknown 0 1 100.0
P=.10
Total 23 22.8 78 7.2
Ape at death
<15 0 0. 4 100.0
15-39 11 23.4 36 76.6
{ 11238
40+ 12 22.8 38 T6.0
df =2
Total 23 22.8 78 77.2
P=.10

TABLE 4 CHRONIC GRANULOCYTIC LEUKEMIA WITH AND WITHOUT BLAST
CRISIS, BY SEX, HIROSHIMA AND NAGASAKI, 1949-69
#4 o IEEBME A MG 0B E R Bl L UHED VR TR,
[R5 - £d, 1949—694F

With Blast crisis Without Blast crisis Test of

Sex Tes
No. % No. % Significance
Fom : kel o 153 ¥ 2=.068
Female 7 21.2 26 78.8 S
M/F Ratio 2.3 i >.




TABLE 5 HEMORRHAGE MANIFESTATIONS IN CHRONIC GRANULOCYTIC LEUKEMIA WITH AND WITHOUT
BLAST CRISIS, HIROSHIMA AND NAGASAKI, 1949-69

£5 BHEHEEANFRHGOSMELEE IR L UED L LIz E T 5 MM RE:
hE - B, 1949—694

With Blast crisis Without Blast crisis
Test of
Hemorrhage Hemorrhage Significance
Organ =1
Present Absent Present Absent
No. % No. % No. % No. %

Brain 6 30,0 14 70.0 15 27.3 40 72.7 x =054
P=.10

Lung 14 60.9 9 39.1 25 32.0 53 68.0 X *=5.067
P=<.05

G-1 13 56.5 10 43.5 25 32.0 53 68.0 X #=3.549
10=P>.05

Kidney 8 34.8 15 65.2 19 24.4 59 75.6 X =525
P>:10

Skin 7 30.4 16 69.6 13 16.7 65 83.3 X =1.342
P=.10

TABLE 6 LEUKEMIC CELL INFILTRATION IN CHRONIC GRANULOCYTIC LEUKEMIA WITH AND
WITHOUT BLAST CRISIS, HIROSHIMA AND NAGASAKI, 1949-69

F6 HBMERBEME CULAE T O BIEIAL & 15 05 & O b % DRI 351 3 A IR
g - b, 1949—69%

With blast crisis Without blast crisis
Test of
Leukemic infiltration Leukemic infiltration significance
Organ*® — — di=1
Present Absent Present Absent
No. % No. % Nao. % No. %
Brain ¢ 35.0 13 65.0 11 20.8 42 79.2 P=.10
Liver 22 95.6 1 4.4 62 T9.5 16 20.5 P>.10
Kidney 18 78.3 5 21.7 43 55.1 35 14.9 X '=3.066
10=P>.05
Lung 15 65.2 8 34.8 35 44.9 43 55.1 P=.10
G-1 13 56.5 10 43.5 25 32.1 53 67.9 X =3.549
10>P>.05
Heart 9 39.2 14 60.8 27 34.5 51 65.4 P>.10
Bone marrow 23 100.0 0 0.0 68 87.2 10 12.8 P>.10
Spleen 23 100.0 0 0.0 68 87.2 10 12.8 P>.10
Lymph nodes 21 91.3 2 8.7 68 B7.2 10 12.8 P=.10
Pituitary 6 30.0 14 70.0 8 15.1 45 84.9 P=.10
Adrenal 11 47.8 12 52.2 20 25.6 58 T4.4 ¥ =3.133
P<.05
Testis (M) 8 50.0 8 50.0 16 30.8 a6 69.2 P>.10
Uterus (F) 3 42.9 4 57.1 4 15.4 22 84.6 P=.10

* The brain and pituitary gland was available for examination in 73 autopsies; all other organs and tissues in 101
autopsies.



TABLE 7 AVERAGE DURATION OF DISEASE (MONTH) IN CHRONIC GRANULOCYTIC
LEUKEMIA WITH AND WITHOUT BLAST CRISIS, BY AGE AT DEATH,
HIROSHIMA AND NAGASAKI, 1949-69
x#7T BEBEEALBEHSOBEELEFEIFL I UCEb ORI 5 FY
FEALMART (H 0 : FECHEEEERI, LS - 2w, 1949694

With Blast crisis Without Blast crisis
Apge at
death Duration No. Duration No.
<15 0 0 18.3 4
15-39 46.1 1k 34.8 35*
40-59 40.7 10 26.7 27
60+ 18.0 2 23.1 11
Total 41.3 23 29.4 77

Note: 1. *One case excluded because age at onset was unknown.

2. U-test for survival month between cases with and without blast crisis.
F<.05:Z score 2.098

TABLE 8 AVERAGE DURATION OF DISEASE (MONTH) IN CHRONIC GRANULOCYTIC LEUKEMIA WITH AND WITHOUT

BLAST CRISIS, BY YEAR OF DEATH, HIROSHIMA AND NAGASAKI, 1949-69

£8 BB A MO SIEEE & 5 flid Utk b 2 WHlIZ 51 2 P (H8):
KB - B, 1949—69%

. With blast crisis Without Blast .crisis Total
Year of death SR
Duration No. Duration No. Duration No.
1949-55 31.5 2 22.9 14 24.0 16
1956-60 41.2 10 25.8 40 28.9 50
1961-65 40.7 4 31.0 13 33.3 17
1965-69 44.5 i 50.6 10* 48.1 17
Total 41.3 23 29.4 77 32:1 100

*One case was excluded because onset of disease was unknown.

DISCUSSION z =
Blast crisis was clearly defined as early as 1938 AR IX 1938 A 124 Tz Forkner L s .-J: = T P FfE

by Forkner.18 Death generally occurred within 6 _
months after the onset of blast crisis and it was S -t e A
frequently seen in the terminal stages of CGL.
Kirshbaum et all? found blast crisis present in 3
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FILE 212 {0 D E9259% (12 #

of 17 (18%) patients with CGL. Shimkin et all4 BT 3 11 (18%) 12 3

diagnosed it in approximately 25% of 212 patients 6 MR, 1S PR 1 0
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The incidence of blast crisis in our series was
studied by age at onset, year of onset and relation
Except for the most
recent 4-year period patients with terminal blast
crisis had CGL of significantly longer duration and
this was true for all age groups. This is in accord
with the general opinion that CGL will terminate in
blast crisis if death does not occur from some prior
complication of the disease.

to total duration of disease.

Hemorrhagic diathesis was found more frequently
at autopsy in CGL patients with than without blast
crisis. This may have been a result of thrombo-
cytopenia and leukemic thrombotic phenomenon
associated with the rapid proliferation of blast
cells. The occurrence of blast crisis suggests
the transformation of a relatively less malignant to a
more malignant form of leukemia. Some investigators
have suggested that this represents an actual
transformation to acute granulocytic leukemia.
Others have described the difficulty in reaching an
accurate diagnosis if the patient is first seen in
blast crisis. Cytogenetic studies however show
that the Philadelphia chromosome is still found in
cells during blast crisis. In our cases the finding of
more numerous infiltrations of leukemic cells in
various tissues of patients with blast crisis indicates
a more active and proliferative stage of CGL. In one
patient, multiple nodules up to 2cm in diameter were
formed which were typical of granulocytic sarcoma
(chloroma).

Most important for our purpose, no evidence was found
that blast crisis was more frequent in A-bomb
survivors who were exposed to ionizing radiation ATB
than in nonexposed persons. (Consequently, in still
another way, we have been unable to distinguish
post-irradiation leukemia from *spontaneous’ leukemia.
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