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LEUKEMIA IN ATOMIC BOMB SURVIVORS

II. OBSERVATIONS ON EARLY PHASES OF LEUKEMIA

FERBEBECKO>Z2aMmRE

. a8 pghmEX0OBR

WILLIAM C. MOLONEY AND ROBERT D. LANGE*

Recently it has been shown that the incidence of
leukemia has been greatly increased among atomic
bomb survivors in Hiroshima and Nagasaki.'* A
total of 75 cases of leukemia occurring in survivors
have been investigated by the Atomic Bomb Casualty
Commission (ABCC) and 10 of these were encoun—
tered during the course of medical and hematologic
surveys. Observations on some of these patients
have afforded a unique opportunity to study the
early hematologic and preclinical phases of leukemia
in atomic bomb survivors and the results of these

investigations are reported in this paper.

SOURCE OF MATERIAL

Hematologic surveys were carried out in 1947
and 1948 by Snell, Neel, and Ishibashi® to determine
whether peripheral blood values had returned to
normal in a series of 924 epilated survivors of the
atom bomb in Hiroshima, In 1949 Yamasowa'
reported studies on 304 of the original patients and
made observations on 564 additional epilated individ-
uals. Since the epilated cases were selected mainly
from school children, the great majority of the
subjects were /between the ages of 5 and 20; few
people of the age groups from 20 to 65 were
included in the studies and, of course, no child
younger than 2 years could have been selected for
the survey. In late 1952 the present authors began
a restudy of these epilated cases,” and among 900
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individuals available, 4 cases of leukemia were found
to have developed.

Another source of material has been the medical
survey program (ME-55) carried out on 2087 adult
survivors in Hiroshima and 400 surviving adults in
Nagasaki. During the period of investigation, from
September 1950 to June 1953, 6 cases of leukemia
occurred. These cases have been of special interest
since it was possible to carry out more detailed
studies, including bone marrow aspiration and special
staining technics. Moreover, in 5 of the § cases,
the patients were seen in the preclinical stages of
the disease. In 3 cases bone marrow smears were
obtained before the peripheral blood picture was
diagnostic of leukemia. The general and radiation
data, type of leukemia and course of the disease
are summarized in Table 1.

CASE REPORTS
Case No. 1, K. A.

This 12 year old, heavily exposed, Japanese female
was injured by falling glass and debris and developed
typical complaints of the acute radiation syndrome
(Table 1). She was first seen on August 27, 1947
during a routine hematologic survey of epilated
survivors' and seemed to be in good health. Other
than a mild anemia and a marked eosinophilia
(Table 2) her blood studies were not remarkable.

On October 31, 1947 blood studies were again
carried out and she was seen again on March 29,
1949, when she came to ABCC for a routine ex—
amination. The physical examination was negative,
and eosinophilia was less marked, although both
ascaris and hookworm ova were found in her stools.
About 10 weeks after this visit, on June 4, 1949,
the child developed a high fever, and she was given
sulfadiazine and penicillin. Her condition did not
improve and she was admitted to the Red Cross
Hospital in Hiroshima on June 14, 1949 where fever,
marked pallor, and a discharging right ear, with
no other physical findings, were noted. Blood studies
showed a profound anemia and thrombocytopenia,
with mononuclear cells in the peripheral blood which
were thought to be myeloblasis (Table 2). The
patient continued on a downward course and died
on August 12, 1949. The diagnosis was acute
myelogenous leukemia.
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Case No. 2, K. A.

This 17 year old, exposed Japanese male developed
malaise, diarrhea, and complete epilation followed
the bombing. He was first seen during a hematologic
survey of epilated survivors® and blood studies were
carried out on July 8, 1947, December 22, 1947, and
November 30, 1948. Except for a slight anemia at
the first examination and the eosinophilia, which
is frequently encountered in the Japanese due to
intestinal parasites, his blood studies were not
remarkable, and he was apparently well. In January
1950, on an ophthalmologic survey, he was found
to have early radiation cataracts.

In January 1950 he developed fatigue and night
sweats and in February he had fever, severe sore
throat, and pallor. Treatment with penicillin resulted
in some improvement, but on March 9, 1950 fever
recurred accompanied by a severe sore throat and
epistaxis. Bleeding persisted and the patient devel-
oped a petechial rash. He was admitted to the
Hiroshima Railway Hospital where bleeding from
the nose, pallor, and purpura were noted; the liver
and spleen were enlarged 2 fingerbreadths below
the costal margin. Blood studies on March 13, 1950
(Table 2) showed anemia, leukopenia, and throm-—
bocytopenia, The differential was said to show
mostly lymphocytes, but blood smears studied at
the Commission's Clinic on March 17, 1950 revealed
that the cells were mostly immature monocytes,
A diagnosis of acute monocytic leukemia was
established. The patient lapsed into a coma and
died on March 24, 1950.

Case No. 8, M. T,

This 24 year old Japanese telephone operator was
18 vears old at the time of the bombing and was
heavily exposed. Her radiation complaints were
fever, vomiting, nausea, anorexia, and complete
epilation. The patient was first seen on the adult
medical program (ME-55) on June 1, 1930. She
was in good health and, except for evidence of early
radiation cataract, there were no physical findings
of note. Other than the presence of hookworm ova
in the stools, there were no abnormal laboratory
findings. Blood studies were within normal limits,

except for eosinophilia.
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She was well until May 1, 1951, when she
developed an acute illness with fever, sore throat,
and swelling of the cervical glands. In spite of
penicillin, fever persisted and she was admitted to
the Hiroshima Communications Hospital on May 27,
1951. She was found to have enlarged cervical
glands and a greatly enlarged liver and spleen. A
cervical gland was removed, and the histologic report
was “lymphoma consistent with acute lymphatic
leukemia.” The hospital blood report on May 29,
1951 was: hemoglobin 43 per cent; red blood count
2,700,000; white blood count 8000: differential:
myeloblasts 52, promyelocytes 9, myelocytes 7,
segmented neutrophils 3, band neutrophils 4,
lymphocytes 20, and monocytes 5.

The patient became progressively worse and died
on June 29, 1951. Reexamination of the blood smears
taken on June 28, 1951 showed scanty white cells,
but most cells appeared to be immature monogytes,
and acute monocytic leukemia was considered to be

the most likely diagnosis.

Case No. 4, 0. Y.

This 52 year old Japanese female was heavily
exposed and developed severe radiation symptoms.
She was first seen on August 5, 1947 during a
survey by Snell, et al® and was apparently in normal
health. Hematologic studies showed only a slight
#nemia and leukocytosis with a normal differential
count. Blood studies were repeated in December
1947 and, except for an improvement in the anemia,
were not remarkable (Table 2).

This patient was not seen again, but the following
data were obtained from her physician. She was
apparently well until August 1952 when she
developed epigastric pain and gingival bleeding. On
September 20, 1952 she was found to have pallor,
fever, a purpuric rash, and an enlarged liver and
spleen. The white blood count was 156,000 with
numerous myeloblasts, promyelocytes, and myelo-
cytes present in the peripheral blood. The patient
was treated with a nitrogen mustard preparation
but did not improve and died on January 31, 1953,
5 months after the onset of her symptoms. Smears
of the peripheral blood were reviewed by the

authors, and the diagnosis of subacute myelogenous
leukemia was substantiated.
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Comment

The first 4 cases in this series had blood studies
carried out in routine surveys i:urior to the onset
of acute leukemia, In no instance did careful
re-examination of the peripheral blood smears show
evidence of early leukemia. However, in only 1 case
(No. 1, K. A.) was examination carried out less than
12 months prior to the development of the disease.
In this case, blood studies and physical examination
failed to reveal any abnormalities 10 weeks before
the clinical onset of acute leukemia. It is of interest
to compare this situation with that found in chronic
myvelogenous leukemia where abnormal cells may
be present in the peripheral blood many months
before the clinical onset of the disease, as will be
pointed out in some of the following cases.

Case No. 5, T. K.

This 29 year old Japanese male was in the street,
2050 meters from the hypocenter. He suffered flash
burns which suppurated for 2 months before healing.
He had a fever from August 8 unfil August 11,
1945: a nonbloody diarrhea started on August 16
" and lasted 6 weeks, but no vomiting, nausea, or
purpura occurred. He had slight epilation.

In 1947 and 1948 he was studied in the hematol-
ogic survey? of epilated survivors and on both
occasions the blood studies were normal except for
an epsinophilia. A review of these peripheral smears
revealed no abnormal granulocytes. In March 1951
the patient developed epistaxis, fatigue, and pain
over his sternum with a full sensation in the left
upper abdomen, In September 1951, he visited the
Railway Hospital in Hiroshima, and there he was
told that he had chronic myelogenous leukemia. He
received a course of x-ray therapy, an arsenical
preparation, and urethane by mouth. During this
time his white cell count decreased, but he did not
feel well,

The patient was encountered during a resurvey
of epilated survivors? and was studied on Julv 29,
1952, shortly after he had received a course of
nitrogen mustard at the Railway Hospital. He felt
fairly well but showed weight loss, with the liver
and spleen enlarged 3 fingerbreadths below the
costal margin. Laboratory findings showed a blood
and bone marrow picture typical of chronic myelo—
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genous leukemia (Table 3). Stool specimens contained
ascaris and hookworm ova, and an x-ray of the
chest revealed pleural thickening and a density of
uncertain etiology in the right upper lung field.

The patient returned to the Clinic on November
12, 1952 and subsequently was given several courses
of x-ray therapy, but died on June 21, 1953.
Comment

This patient with chronic myelogenous leukemia
was found after the clinical and hematologic features
of the disease were well established. There were no
manifestations of early leukemia in the peripheral
blood 3 years prior to the clinical onset of the
disease.

Case No. 6, K. H.

This 26 vear old Japanese housewife was exposed
in a reinforced concrete building at a distance of
450 meters and developed severe radiation symptoms,
including total epilation (Table 1). The patiént was
seen at the Nagasaki ABCC Clinic on August 1,
1951 on a routine adult medical survey (ME-55).

Physical examination revealed radiation cataracts
and a uterus the size of a 4 months pregnancy. She
had parasites in her stool with a mild anemia and
eosinophilia (Table 4).

The patient delivered on January 27, 1952 and
was seen on August 26, 1952, She had no complaints,
but the liver was palpable 2 fingerbreadths below
the costal margin,

The hematologic values were practically the same,
but she had 15 per cent myeloblasts in the peripheral
blood smear. A bone marrow examination revealed
a myeloid hyperplasia with decrease in erythroid
elements and a shift toward immaturity of the
myeloid series (Table 4).

Swelling of the gingivae and fever were noted in
August 1952 but disappeared. In November 1952
she noticed the onset of fever, malaise, and swelling
of the submaxillary glands. In addition, she again
noticed bleeding gums. In December, the patient
developed pallor and throat pain, and in January
1953 she again became febrile.

When the patient was seen on February 4, 1933,
pallor was marked. The cervical and axillary nodes
were enlarged and the spleen was palpable 3
fingerbreadths and the liver 4 fingerbreadths below
the costal margin.
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Blood studies showed a severe anemia, the white
blood count was 161,500 with a differential showing
61 per cent early myeloid cells. The bone marrow
examination showed a definite leukemic picture with
numerous myeloblasts and a decrease in the erythroid
elements and megakaryocytes (Table 4).

The patient died on April 3, 1953 after an illness
lasting approximately 8 months.

Comment

This patient, on her first visit for a routine
medical examination, had a mild anemia and an
eosinophilia due to intestinal parasites. One year
later, myeloblasts were discovered in the peripheral
blood and a bone marrow aspiration confirmed the
diagnosis of subacute myelogenous leukemia.

Case No. 7, S. O.

This 26 yvear old Japanese housewife was 20 vears
old at the time of the atomic bomb and was ina
reinforced concrete building, 460 meters from the
hypocenter. She received many small glass cuts
which suppurated. In September 1945, a purpuric
rash developed on her arms and legs, and she lost
about 30 per cent of her scalp hair.

The patient’s first visit was on August 7, 1951
during the routine adult medical survey (ME-55).
Two months previously, on June 5, 1951, she had
given birth to a normal infant. She had no com-—
plaints and the physical examination was entirely
negative, but definite blast cells were present in the
peripheral smear, Whether they were reticulum
cells or early myeloblasts (Table 4) was uncertain
at this examination,

This patient was considered to be in an early
stage of leukemia; she returned to the ABCC Clinic
on August 20, 1951 and was again examined.
Complete blood studies and bone marrow aspiration
were carried out. There was no clinical evidence of
leukemia, but the white cell count had increased
and there were more blast cells in the peripheral
blood smear (Table 4). The bone marrow showed
92 per cent blast cells of the reticulum type, and
a diagnosis of acute reticulum cell leukemia was
confirmed.

The patient was seen again in September, and
there was little change in her findings, but on
November 28, 1951 she was obviously anemic and
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the peripheral blood smear showed mostly blast
cells. She became tooill to return to the Clinic and
was seen at her home on December 28, 1951. She
had developed malaise, fever, anorexia, and marked
weight loss. She had tarry stools and the right
elbow and left kness joints were swollen and painful.
There was no adenopathy, but the liver was
enlarged 2 fingerbreadths and the spleen 1 finger-
breadth below the costal margin,

Blood studies, as shown in Table 4, showed a
severe anemia, thrombocytopenia and a greatly
elevated white count consisting of practically all
blast cells. The patient died on January 16, 1952:
no autopsy was performed.

Comment

This case was diagnosed on a routine medical
examination by the presence of blast cells in the
peripheral blood smear. She did not develop clinical
evidence of the disease until 2 months after the
diagnosis of acute reticulum cell leukemia was

made,

Case No. 8, S. A.

This 60 year old Japanese housewife was in a
wooden house 1200 meters from the hypocenter and
received contusions, abrasions, and flash burns. The
patient developed fever, bloody diarrhea. bleeding
gums and complete epilation.

She was first seen on November 9, 1951 on the
ME-55 program. Her complaint was hoarseness since
May 1951 and she was found to be underweight
with a blood pressure of 170/80.

Because of an elevaled white cell count with
immature granulocytes, she was again seen on
December 7, 1951, when another blood study and
bone marrow aspiration were carried out (Table 4).

The patient was seen again on March 10, 1952.
She had no complaints and the physical examination
was essentially the same. The blood studies were
practically as before but with a slight decrease in
hemoglobin and a slightly higher white cell count.
Platelets were increased, but the peripheral smear
was not changed from the prior examination. Al
this time, while early myelogenous leukemia was
considered, it was not possible to make a positive
diagnosis as it was felt that a leukemoid reaction

could give a similar picture.

L, REM#BEFERECILZ LA L2 SFEBRT L5
RTwiz, TORREFBOLHITARRE L L0
<, ZABAREXVM LT2E L. TOMIER
M, R, REARE LOCEEREEMLALRES,
(27— dRT, il s S OB B & PR
Db otz, U vARER RS bR fopt, P
FINF 2 R, ML 1 BERCIERL T s,

FAITGR Lz X5 1, MEkEcifiE o R i & i
INEMAP A2 HhAMBREFHALEN LT L, £0
ZLAEAFER TS bR TV o, BHEIZ19524E1
AI6HFEC L 7. MEIXfTricbnich-is,

(=)

FFEFIZ OV TL, EMREDEEORHHIRE
BT A B TR ARE L, LLE
AR U O BB A T S R 220 ARl
MR BB LB e s o,

=8 8, S. A

ZHUT60F  H KA LR RO 51200m D ARE
FEATHREL, . BE SI0PRCIsKE
T, TOHRRES, mETHE, sEiliis DU
LHRENE- T,
BEIZI9514EILH 9 H MESS BiRatEioxgs L
CHR &S, 19514E5 HLCkom b2z tz, KR
(LA LTds b, IMFE(X170/80CH - 72,

BRI bt & O IR A e food T, 1951
GE12A T HICHRR Aoy, Toltes Tiliing
BLUHBIRRARE L R4,

195248 3 A10H o BETIREAISEROF 21270 { L
HREBREFNEILEC thH-7c. MERETLHRE
i EE LA ML THo ot MERRLCOH
it LR mERE L SR MK LT, I MEEDORIR D
B bhioat, RMMERERE CILliiE & H# L <
Bk dcl . PIUEEE SR OB E ) # 2 b iz
b, B B © [ BR o PE R A v o e HENT2
Wie THo izt

(8)

—




The paﬁent failed to come back to the Clinic in
April, and a visit was made to her home on May
14, 1952. On May 2 she had developed tarry stools
and malaise,
bleeding from the gums and hematuria were noted.

and the following day epistaxis,

Along with this, a petechial rash appeared on the
body and extremities. The patient also complained
of severe left-sided headaches which began on
May 10.

On examination, the patient appeared very ill and
pale. Extensive purpura was present, especially on
the arms, and she was bleeding from the gums.
The spleen was enlarged 4 fingerbreadths and the
liver could be palpated 2 fingerbreadths below the

costal margin. There was tenderness on pressure
over the sternum.

A blood study and bone marrow aspiration were
carried out (Table 4), and the diagnosis of mye—
logenous leukemia with an acute myeloblastic crisis
was established. Three days later, on May 17. 1952,
the patient died; there was no autopsy. -
Comment

This case represents an unusual instance of a
patient encountered in the very early stage of
leukemia. An elevated white count and a small
percentage of immature myeloid cells were the only
positive findings on the initial routine examination.
There was little change for a period of 5 months
in the hemoglobin, red cell, and white cell levels,
and the numbers of immature myeloid cells in the
peripheral blood also remained fairly constant during
this period, However, platelets increased and
polychromasia and anisocytosis with nucleated red
cells were noted on the smear. The types of
abnormal granulocytes (peculiar basophils with
large atypical scanty granules, neutrophilic meta—
myelocytes and myelocytes) were almost identical
with those found in case No. 9, S. 1. and No. 10.
I. S., in this series (Plate 1, Fig. 1). Although the
initial bone marrow, taken 5 months before the
patient died, showed some hypercellularity, decreased
erythrogenesis and moderate myeloid immaturity,
it was not a picture diagnostic of myelogenous
leukemia. The bone marrow findings were markedly
similar to those of case No. 9 and No. 10 (Plate 1,
Fig. 2). From experience with other cases in this

series, it is known that normal or slightly elevated

{9

FBEI119524F 4 HIZTFIE L =B B 1z ABCC ~3KFT
Lisotencs AURARKELUMLE, 5281
7R FOEAMR R, TORARMIM, ¥
MU= iR B, e, PRI IR
M e tio b d, BFEEICS5 A10HLEROHE
DR~ 2.

FERK B FI I EE IR LR AaLRE L, K
HOZEHMA 8, hlSicll-clmEch-o1, £
fomEiA B, BRI T 48R, PRz 2
FCiEALTEY, BT EMCESTED,

Mgk A s L UH TR oBE (F4), DA
BOFlRE 5 At Al S 2 L7, BEEE3EE
19524 5 BITHIZEE L 7=, MliifTichich i,

(&R

ChamFEoEs TR TEELIES L
ViESTH S, BRWOEARTECET 32RFERRA
MERBEHIK & AR H iR TH . B
o 5 Ak MR, ARIEREs L oA IR
VEE Ly AR oS B L 5
PO EE L Ot L LIk cg i /)y 4 2038
K, WML Y M, d5 X OAT AR IR A e
foo BEHRIER DK (N BIUMRIR 2 AT T 2 5
TFIIEER S b SRR, OB (AR
9, S. L. s LUMiEM 10, 1. S. oMyS LirLAZHAL
THot (K1, M1). Lo S5 hARNCR-
oA ORI T AT oI RIfFE S, RILERAY
HREDM A s LU SSIE O HREITR D s e Ee
B, ZHuC Do THEIME PR OB A T
TIZRREL A oz, T RILER 9 10085 &
EElLTw: @K1, B2). CofEdhoioiE
Fickit 288 6, Al OBIIKFHEIR FEBLET18 2
Abavizzhlblhichz>T, AMRERER
xR A T L, SRRy S B bR D



white cells with a small population of immature
myeloid cells may be present for 18 months or
longer before clinical evidence of leukemia is
manifested. The abrupt change to a subacute blast
cell leukemia with a rapidly fatal course was an
unexpected feature of this case. The blast cell
picture in the peripheral blood and bone marrow
are shown in Plate 1, Figures 3 and 4.

Case No. 9, 8. 1.

This Japanese male, aged 44, was exposed in a
Japanese-style house, 900 meters from the hypo-
center. He escaped without injuries or burns but
developed severe radiation complaints, including
nearly complete epilation.

On his first examination on January 9, 1951,
during the medical survey of Japanese adults
(ME-55), no abnormal physical findings were noted,
A stool specimen contained ascaris and hookworm
ova and he had an eosinophilia of 17 per cent, but
no immature myeloid cells were reported in his
routine peripheral blood smear. However, when
these slides were reviewed later, metamyelocytes
and myelocytes were noted, as well as changes in
the red cells (Table 5).

The patient was again examined on March 19,
1952, and at this time slit lamp examination
revealed early radiation cataracts. Otherwise the
physical findings were within normal limits. As
noted in Table 5, the blood studies showed a slight
reduction in the hemoglobin, red cell, and hemato-
crit values. The white cell count was within normal
limits, but there was a marked shift to the lefl
with neutrophilic metamyelocytes and myelocytes
present. The increased mature and immature
basophils were also a striking feature of the smear.
Red cells showed anisocytosis with polvchromasia
and an occasional nucleated red cell.

In view of these peripheral blood findings the
patient was re-examined on April 15, 1952. There
were no new physical findings, but the white cell
count had increased to 16,000 per cu. mm. and the
eosinophils had risen to 27 per cent. Increased
basophils persisted, along with immature neutrophils,
and nucleated red cells were also noted (Table 5).
Bone marrow smears revealed myeloid immaturity

with reduced red cell activity and an increase in
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reticulum cells, Megakaryocytes were present in
normal numbers (Table 6). While the blood and
bone marrow picture was suggestive of myelogenous
leukemia, a definite diagnosis could not he made
from these findings.

Since the patient was suspected of having early
myelogenous leukemia, he was followed by repeated
clinical, blood, and bone marrow examinations
(Tables 5 and 6). From May 1952 until September
1953, his white count rose from 20,083 to 82,980
per cu. mm. with an increase of immature myeloid
cells in the peripheral smear. The platelets rose,
then fell, while the red cell and hemoglobin values
gradually declined during this period. Serial bone
marrow studies showed very little change, although
on the last examination in September 1953, myeloid
immaturity was more evident, red cell activity was
diminished, and there were fewer megakaryocytes.
The reticulum cells and mitotic figures were in—
creased. Clinically the patient has had few comp]afn;s
and continued to carry on his work. The spleen
became palpable in June 1952 and gradually in—
creased in size: on the last visit it was enlarged 3
fingerbreadths below the costal margin, Studies on
the alkaline and acid phosphatases and glycogen
content of the separated granulocytes were first
carried out in November 1952. As shown in Table 7,
alkaline phosphatase was persistently low, a finding
in keeping with Valentine's observations in cases
of chronic myelogenous lenkemia,

Comment

This patient was studied over a period of 32
months and during this time, except for an enlarged
spleen, there was no clinical evidence of leukemia.
The hematologic findings were of greatest interest.
The immature myeloid cells discovered in the
peripheral smear taken in 1951, while few, were
definitely abnormal. In the 14 month interval from
the first to the second annual visit, these immature
cells increased only slightly. During the next 18
months, however, there was a gradual but striking
rise in total white cell count and in the absolute
number of metamyelocytes and myelocytes (Figs. 5
and 6).
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Case No. 10, I. S.

This 32 year old Japanese teacher was exposed in
a concrete building, 460 meters from the hypocenter,
and received multiple contusions and glass cuts
which later suppurated. Severe complaints of
radiation sickness developed, including purpura and
100 per cent epilation. The patient was first seen
on the adult medical survey on March 20, 1951
and was found to have hilateral radiation cataracts.
but there were no other abnormal physical findings.
Stool specimens contained ascaris and hookworm
ova, and blood studies were reported to be within
normal limits except for an eosinophilia. (However,
a year later, a careful restudy of the peripheral
blood smears revealed small numbers of metamyelo—
cytes and myelocytes (Table 8).) On April 8,
1952, when the patient returned for her routine
yearly examination, she was found to have a
leukocytosis of 24,250 per cu. mm. with metamyelo—
cytes and myelocytes in the peripheral suﬁea-r. A
bone marrow aSpiralion showed myeloid immaturity,
but the picture was not diagnostic of leukemia
(Table 9). Nevertheless, early myelogenous leukemia
was suspected in this case, and she was seen again
in May, June, and July 1952. During this period
a slight anemia developed and the leukocytosis
persisted, The peripheral blood smear continued to
show relatively the same number of immature
myeloid cells (Table 8). Bone marrow findings were
essentially unchanged. The next visits were on
November 22, 1952 and July 7, 1953. Other than a
palpable liver and a weight loss of 5 pounds there
were no new physical findings, and she had no
complaints except easy fatigability. The leukocyte
count remained elevated, and there was a further
fall in hemoglobin and red cells. The platelets were
increased and in the peripheral blood smear there
was a definite increase in basophils, as well as
neutrophilic metamyelocytes and myelocytes. On
both these visits biochemical studies were carried
out and low alkaline phosphatase values were found
(Table 7).

In the latter part of July the patient began to feel
poorly, so she visited a physician and was treated
for intestinal parasites. For a while she felt some—
what improved, but in September, due to increasing
fatigue, she visited the out-patient department of
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the Red Cross Hospital in Hiroshima. There she
was found to have severe anemia, leukopenia, and
blast cells in the peripheral blood. She became
acutely ill in early October and was admitted to
the hospital. On October 15, 1953 the patient was
visited at the Red Cross Hospital and was found to
be acutely ill with fever, emaciation, and marked
pallor. There was no purpuric rash, and the liver
and spleen were not palpable. Blood studies were
obtained and confirmed the hospital findings of
profound anemia, leukopenia, and blast cells in
the peripheral smear (Table 8). A bone marrow
aspiration had been attempted from the sternum
but was not successful. Another attempt from
the vertebral spinous process yielded only scanty
material. However, as noted in Table 9, the cell
clumps were composed almost entirely of myelo—
blasts. The patient expired on October 17, 1953.
Autopsy permission was denied.
Comment . "
For 28 months, except for the increasing leuko—
cytosis, the patient followed a course similar to
case No, 9, S.I. The early peripheral blood and
bone marrow findings were almost identical in
cases 8, 9, and 10, and the presence of low alkaline
phosphatase values in the granulocytes of cases 9
and 10 in this stage of the leukemic process is of
considerable interest,

DISCUSSION

A discussion of the relationship of age, sex, and
degree of exposure to the leukemogenic effect of
radiation is not warranted in this small series.
However, considering the rarity of the disease,
the occurrence of 10 cases among 3480 survivors
undergoing routine medical and hematologic surveys
substantiates the fact that leukemia is greatly
increased in survivors of the atomic bombings.

It is evident from the data in Table 1 that all
but 1 patient had received a considerable dose
of radiation, probably in excess of 200 r. The
1 exception (Case No. 5, T. K.) was located in
the street 2070 meters from the hypocenter and
developed only slight epilation. Even at this distance,
however, a moderate dose of radiation was un-
doubtedly absorbed. These findings are in accord
with the observations in mice by Furth and Upton”
that the leukemogenic dose of irradiation is high.
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While gamma radiation was undoubtedly the chief
leukemogenic agent in this series, the potential
role of neutron activity is of interest. Japanese
scientists,! in a study of bones obtained from people
killed by the atomic bomb, were able to detect the
presence of induced radiocactive phosphorus, The
radioactive content varied inversely with the distance
from the hypocenter. This implies that in some
heavily irradiated survivors, bone-seeking radioactive
isotopes such as phosphorus, created by neutron
effect, may have been stored in the bone marrow.
Such an isotope emitting radioactivity during
its half life could have caused local and rather
prolonged radiation damage in myeloid tissues. This
hypothesis is made further attractive since the
majority of cases of leukemia occurring in atomic
bomb survivors are of the myelogenous type.?

The observations in this paper on acute and
subacute leukemia, for the most part, shed~little
light on the pathogenesis of the disease. It was
pointed out that no significant findings were present
in the peripheral blood indicative of a leukemic
process prior to the development of clinical evidence
of Jeukemia. However, it was noted that these cases
had been studied, except in 1 instance, a vear or

~more before the onset of the disease. This is in
striking contrast to the situation found in chronic
myelogenous leukemia where abnormal cells may
be present in the peripheral blood for 18 months
or more before the clinical onset of the disease.
Recently Block and Jacobson® reported a series of

cases of acute leukemia in which hone marrow

studies showed hypercellularity and maturation

arrest of the granulocyte series months prior to
outspoken leukemic proliferation of the marrow.
However, in their cases thrombocytopenia, neutro—
penia, and anemia were present before leukemia
developed and these findings led to a study of the
bone marrow. In the acute and subacute cases in
our series, bone marrow studies were not carried
out until the diagnosis was established. While bone
marrow changes may precede the clinical and
hematologic picture of acute leukemia for a period
of months, it is quite likely that in some cases
acute leukemia may begin abruptly with a short or
undetectable preleukemic phase.
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Of most interest have been 3 cases of preclinical
myelogenous leukemia found during routine hema-
tologic studies of adult atomic bomb survivors.
The availability of peripheral blood smears, and
the opportunity of following these patients with
repeated blood and bone marrow studies, permitted
detailed observations on the cytologic aspects of
early myelogenous leukemia. Furthermore, appli-
cation of recent technics for the study of metabolic
parameters of separated granulocytes made possible
in 2 cases the collection of biochemical data in the
early stages of myelogenous leukemia.

The manner in which leukemia develops in man
is entirely unknown, and there have been compa—
ratively few observations reported on early cases
of myelogenous leukemia. Minot,' in 1924, noied
the prolonged preclinical course of myelogencus
leukemia. Wintrobe and Hasenbush, in 1939,
described 5 cases of preclinical myelogenous lcukc-;
mia characterized by leukocytosis, relatively small
percentages of immature myeloid cells, and periods
of up to 45 months from time of discovery until
splenomegaly developed. These authors stressed
the fact that unexplained leukocytosis was usually
the first sign of the disease and that the preclinical
period of chronic myelogenous leukemia may be
from 2 to 5 years duration. Sturgis' also described
the preclinical stage of myelogenous leukemia in
several patienls and commented on the prolonged
period before clinical symploms develop.

Of even more pertinent interest are the descrip-
tions of myelogenous leukemia occurring in people
exposed to x-ray and radioactive materials. Maingot,
et al,™ in 1938, reported in detail a case of
myelogenous leukemia developing in a 50 year old
female nurse employed in an x-ray department
from 1908 to 1933.

Weitz, ™ in 1937, reported a case of chronic
myelogenous leukemia in an x-ray technician which
was observed from the earliest stages. He made
the interesting observation that 1 of the first
hematologic changes was the increase in basophils
and eosinophils. He noted that it was 3 vears
before clinical complaints developed following the
detection of the abnormal cells in the peripheral
blood.
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In general, as Dunlap® has pointed out, while
there is a vast literature about the effects of
irradiation on the hematopoietic organs, information
concerning the dosage of radiation and hematologic
data is often incomplete or scanty, these criticisms
are also true of reports on leukemia following
irradiation, Nevertheless, in the few well docu-
mented cases of chronic myelogenous leukemia
occurring “in radiation exposed individuals, the
hematologic and other features have been similar
to those noted in early leukemia in atomic bomb

SUrvivors,

Latent Period

It may well be, as Casarett'® has suggested, that
true latency rarely exists. However, in the sense
used in this study, the latent period may be defined
as the interval elapsing between irradiation and
the development of clinical complaints. This period
is difficull to estimate accurately in those exposed
repeatedly to irradiation, but it is apparent from
the literature that it is usually of at least several
years duration. In our experience with 31 cases
of chronic myelogenous leukemia in atomic bomb
survivors, the latent period may vary from 2 to
8 vears. The maximum number of cases had the
clinical onset in 1950, 5 years after exposure to
atomic radiation.® Tt should be noted that data
for the years 1946, 1947, and 1949 were not as
complete as those collected in the following vears.

Preclinical Period

In this study this term is applied to the stage
of the disease, free of clinical symptoms and lasting
usually 2 or more years, in which hematologic
evidence suggestive or pathognomonic of myeloge—
nous leukemia is present. As noted, this phase has
been described in postradiation and spontaneously
occurring chronic myelogenous leukemia.

Hematologic Aspects

It is well known that profound changes in the
peripheral blood and bone marrow occurred in
heavily irradiated atomic bomb survivors. ' In
this series there were no existing records of the
clinical and hematologic findings immediately
following the bombing. However, in 5 cases blood
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studies were carried out in 1947 and 1948 and at
that time there were no unusual hematologic
findings. While several hematologic surveys on
survivors have revealed no general leukopoietic
abnormalities, during the survey of 2100 adult
survivors in Hiroshima, in addition to 5 cases of
leukemia, there have been 3 patients encountered
with immature granulocytes and increased percen—
tage of basophils in the peripheral blood. In 2
of these 3 suspicious cases, biochemical studies
on the leukocytes revealed very low alkaline
phosphatase values. These patients are presently
under observation and further studies will be
reported.

It is impossible to state definitely how scon zfter
irradiation abnormal granulocytes begin to appear
in the peripheral blood. In case No. 4. K. T.. a
review of the peripheral smears taken in 1947 and
1948 revealed no immature myeloid cells or
increased percentage of basophils. In this patl’e::t
clinical symptoms did not develop until 1951, 6
vears following the atomic bombing. Moreover, in
cases 9, I. S. and 10, S. L. in this series, only a
few immature myeloid cells and a shight increase
in basophils were present in the initial routine
blood smears taken in 1951. One year later, in
both cases, there were many more immature
neutrophilic granulocytes and a marked increase in
basophils. It is probable that il there are abnormal
granulocytes in the peripheral blood early in the
latent period, they may be too few to be detected.
The possibility that apparently normal-looking
leukocytes may be abnormal in a metabolic sense
cannol, of course, be ignored.

In our experience, the hematologic features of
preclinical chronic myelogenous leukemia have been
leukocvtosis, relative lymphopenia, and granulocy—
tosis, although the white cell count may be within
normal limits. The most striking findings have
been the presence of immature myeloid cells,
especially neutrophilic metamyelocyvtes and myelo—
cytes, with occasional promyelocytes or myeloblasts.
Increased numbers of basophils, often immature
and atypical, have also been an outstanding
characteristic of the peripheral blood picture. In
view of the common occurrence of eosinophilia due

to intestinal parasites in the Japanese. the presence
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of eosinophils has been difficult to evaluate. Along
with abnormalities in the white cells, it has been
pointed out that platelets have been increased and
changes in the red cells, such as polychromasia,
anisocytosis, and occasional nucleated red cells,
have been noted in the peripheral blood.

The bone marrow picture in the preclinical stage
has been that of active myeloid proliferation with
increased numbers of immature granulocytes in
the metamyelocyte and myelocyte stage. Increased
numbers of megakarvocytes and decreased ervthro—
genesis were common features. However, the bone
marrow studies were not pathognomonic, and
could not be distinguished from leukemoid reactions.
This was true of vital stain preparations as well
as with standard dry film technics.

_In spite of intensive research, the cause of
leukemia remains an enigma. In humans, a widely
held concept involves 2 main factors: presence of
cells with (he hereditary capacily for ab'n(;rmai
growth and various physical, chemical, and meta-
bolic agents capable of precipitaling or activating
leukemogenesis.'*»** While the precise nature of the
changes produced in cells by sublethal irradiation
is still unknown, present concepts sugpgest the
possibility of either a direct injury to the nucleo-
proteins of the chromosomes or damage to enzyme
systems associated with nucleic acid synthesis *%

In chronic myelogenous leukemia among atomic
bomb survivors, the long latent period and the
hematologic and biochemical changes found in the
early preclinical stage of the disease favor the
hypothesis that irradiation may have damaged cell
enzyme systems with a resulting gradual loss or

alteration of cell growth-regulating factors.

SUMMARY

1. The 10 cases of leukemia occurring among
3480 atomic bomb survivors in this study present
convincing evidence of the high incidence of
leukemia in atomic bomb survivors.

2. In all but 1 case blood studies were carried
out prior to the development of pathognomonic
features of leukemia. One case of reticulum cell
leukemia was encountered on routine examination
in a preclinical stage but with primitive or blast
cells in the peripheral blood smears.
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3. Of the 10 cases, 7 were acute or subacute
leukemia and 3 were chronic myelogenous leukemia.

4. Observations on the acute cases of leukemia
were of limited value because of the long interval
in most cases between routine blood studies and
the development of leukemia. However, in 1 case,
examination 10 weeks before clinical onset revealed
no hematologic or physical findings suggestive of
leukemia.

5. In contrast to acute leukemia, the long
preclinical stage in 2 cases of chronic myelogenous
leukemia allowed repeated hematologic and biochem-
ical studies which were of considerable interest.

6. In these cases the long latent period and
prolonged preclinical course were similar to those
reported in cases of chronic myelogenous leukemia
occurring spontaneously and following exposure to
x-ray and other forms of radioactivity.

7. In the preclinical stage, disturbances in the
red cells and platelets as well as leukocytosis with
immature neutrophilic granulocytes were noted.
The consistent presence of increased numbers
of basophils, many of them atypical, was an
outstanding feature of the peripheral blood smears
in early myelogenous leukemia.

8. In 2 cases of preclinical myelogenous leuke—
mia, studies on the separated leukocytes of the
peripheral blood gave extremely low values for
alkaline phosphatase.

9. Certain features of chronic myelogenous
leukemia following irradiation suggest that the
disorder may be due to a loss of growth-promoting

or regulating factors.
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PLATE 1, FIGURES 1-4 HEig 1, E 1-4

PERIPHERAL BLOOD AND BONE MARROW IN EARLY AND TERMINAL STAGES
OF MYELOGENOUS LEUKEMIA (WRIGHT-GIEMSA STAIN)
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FIGURE 5 CASE No. 9, S.1. CHANGES IN WBC, RBC, AND HBC LEVELS
OVER A PERIOD OF 32 MONTHS
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FIGURE 6 CASE No. 9, 8. I. CHANGES IN ABSOLUTE NUMBERS OF
MYELOID CELLSOOVER AND PERIOD OF 32 MONTHS
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TABLE 1. GENERAL AND RADIATION DATA ON LEUKEMIA CASES
#£ 1 ELE P BY 1 2 — M bhis L O st o e
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i mH P e Ak Ilﬁlliﬂ
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TABLE 2. HEMATOLOGIC DATA-CASES No. 1, K. A. ; No 2, T. K. ; No. 3, M. T. ; and No. 4, 0. Y.
&= 2 MLy d —fFEE 1K A,2T.K,3MT,40. Y.

Het.

Hb. RBC | WBC

; = I AL | TR
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Case 1. K. A,
AETA
_ | :
8/27/1947 10.5 | 4.50 31 7,650 | Seg. N., 26; Stab N., & Eosin., 31; Lymph., 32; Mono., 3. Red cells normocytic, platelets normal.
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6/28/1951 3.8 1.45 3,833 | Seg. N. 9; Stab N., 5; Eosin., 4; Lymph., 37. Mono., 2; Metamyelo. N., 1; Band E., 1; Promono., 29;
| SRAERFARER AU FEEER Y et HUER PP BRI FLRPEEER AR
| Mon_obl., 11.
| Hi3FER




Cased 0. Y.

28. 9‘ 10, 350

Seg. N., 50; Lymph,, 39.5; Mono., 6; Eosin., 4; Baso., 0.5,
SIEFRET ) AR iR ERIIEEN Ui IGER

|
8/ 5/1947 9.9

12/24/1947] 11.3 10, 983 Seg. N., 69; Lymph., 19.5; Mono., 7.5; Eosin., 4.
SEEFPER U AR HER FREER
9/20/195: [ 50% ‘ 3.04 156, {)00 Smear showed many myeloblasts, promyelocytes and myelocytes.

| | BERFCEO TSRO NREEER, GTERER S L O RIER A 18 5
*Ilemoglobm in per cent, IfLfh¥eh %

TABLE 3. HEMATOLOGIC DATA-CASE No. 5, K. T.
£ 3 MmBEFMER—EH SKT.

Date | Het e - - -
% | Hb. | RBC | ¢ | wBC , . .
10/ 8/1947] 13.4 4.58 39.6 6.775  Sep. N., 68; Seg. E., 14: Lymph., 15; Mono., 3: Red cells and platelets normal,
SURERFPER 4 }‘ ﬂﬂim U vosER BATR IR TERT iR IE T
2/ 6/1948 16 5.17 A7 9,750 | Seg. N., 63; , 13.5; Baso., 0.5; Lymph,, 16.5; Mono., 6.5. Red cells and platelets normal.
S T Ay T S TS S R T RIS UM
7/18/1052 12.4 ‘ 4.01 40 114,500 | Seg. N., 24.6; Band N,, 20; Metamyelo. N., 34; Myelo, N., 4; Promyel., 1.6; E., 2.6; Band E., 0.2
. S EEF R 1’1’-11{5]“?1* fﬁ’ri"{‘?&‘ﬁ'ﬁﬁﬂf tif+h f’l ‘1‘| ﬂiﬁﬂl WERER f}‘ ﬂ"efffﬂﬂ* B FREER
Seg. Baso., 4,0 Band Baso., 0.6. Metamyelo. Baso., Lymph., 7.8; Mono., 1.2, Occasional nucleated
- | S IERF AL ER I’Mkﬂiﬁlﬁ;f* 38018 . SUiB: P2 HiER W7 AT R IMER 2 38D
‘ red cells, platelets plentiful.
7.: IR
7/20/1952 11.7 0.8 3,300 , 23; Band N., 25; Metamyelo. N., 22,7: Myelo. N., 5.8; Metamyelo. E,, 0.5; Baso., 5; Lymph., 8;
’}Ss‘éiﬁ'ﬂ!ﬂ* BUREFPER e ik ﬂTfi PEARIER R Bl R fFiaEER v s
J Mono., 8. Red cells and platelets normal,

B Al HIER T 7 M NRIER
7/29/1952 Bone marrow: Seg. N., 7.5; Band N., 25.9; Metamyelo. N., 50.7; Myelo. N., 6.9; Promyel., 1.8; Myelobl., 0.5; Eosin., 1.0; Band E., 0.9;

FHRITIR L | SPEEFehER  FUIRETAER ﬁ‘l"f‘lf&ﬂ’hﬂﬂ EEFPEEREER MR H IR LFAEER FUREFmE
Metamyelo. E., 1.0; Myelo. E., 0.4; Myelo. Baso., 0.1; Lymph., 1.9; Mono., 0,7; Retic. cell, 0.2, Red cell activity
ﬂ?ﬂﬂﬂ P Hﬁﬁt—t‘ﬁﬂuﬂﬁk 511' m;m Wm%ﬁp‘f{i{.ﬂéﬁ ) et HER AR AR iR AE REAE
reduce
S F 2l 2
11/12/1952]  10.8 3.62 | | 154,333 | Seg. N., 17; Band N., 43; Metamyelo. N., 17: Myelo. N., 15! Seg. E., 3; Myelo. E., 1; Seg. Baso., 2;

IR PUREFAR P BRI el ER ‘}Hﬁﬂﬁbﬁ Mﬁﬂﬂﬁﬂﬂk SRR
| Metamyelo. Baso., 1; Myelobl., 1. Occasional nucleated red cells, platelets plentiful.

GRS PR TR INER A (8 % i B
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TABLE 4. HEMATOLOGIC DATA-CASES No. 6, K. H. ; No. 7, S. O, ; and No. 8, S. A,
# 4 ML W % B R — 4 #) 6 K. H., 78S. 0., 88. A
gat% | Hb. _._ RBC | WBC | Platelets | Retics. _bifferential r—mﬁ_ef_\ﬁ;i-ﬁéz -
Bt s i i | UMOR e i
ste 6: K H:
)
i I o | wek s s _ S _ -
8/ 1/1951| 9.7 3.70 | 11,300 Seg, N, 43; Band N., 19; Seg_ E., 23; Band E., 2; Baso., 1; Lymph., 11; Mono., 1; Retic, cell, 2.4,
Y EfFER PRI SRR SURITEEER Hh’a%ﬂi ) vk HIER i
Platelets adequate; red cells show anisocytosis, hy}:mhmmasw. target cells present.
I M TE FRIME T B ARE s L O R & i Epyglad b
8/26/1952 8.6 3.85 11,500 Seg, N., 27.5; Band N. 11.0; Meldmyelo., 1,55 Mlunmyelobl., 15.0; Seg. E., 28.0; Band E., 3.5;
SEMFPR ORGP R SRAFIEER | SRR
Lymph., 12.0; Mono., 1.5. Plarelet% atypical dI’]d gredtl} increased, anisocytosis and polychromasia
_ Y /k/w]‘—k HAER M HE 3 SR RIPE 3 L < S m, AR IR A NG O 2 e B
| | marked.
8/26,/1952 Bone marrow: Seg. N., 4.5; Band N., 11.5; Metamyelo. N., 12.5; Myelo. N., 20.5; I?‘rumye_l., 12; Myelobl., 7; Seg,_ E., 10.5; Band E., 3;
| E AT R SRR R I B Bl R IR AR 0 R REER e e A3 TR R PR A R
‘ Metamyelo.lE., 9 Myf:lo. E._, 9.5. Red cell elements reduced.
. Pt AR IFRMEEROER ARMER R
2/ 4,-*’1953‘ 4.0 ] 1.71| 161,500 Seg. N., 6.5; Band N., 10.5; Metamyelo. N., 11.5: Myelo. N., 19.0; Promyel., 22.0; M}’elgbl 20.0;
SRR RR R I P R EEehEERRER AR ERIECRES
Baso., 0.5; Lymph., 9.0; Mono., 0.5. Red cells show qllpplmg anisocytosis and hypn(h:()maq:a
‘ TPHEEER U vSER HUER TRIERGEHE A, MR X OISR 2,
atypical plateletq present,
| | | I R S A
2/ 4/1953 Bone marrow: Seg. N., 6; Band N., 6; Metamyelo. N., 10; Myelo, N., 25; Promyel., 21.5; Myelobl,, 23.5; Seg. E., 2; Metamyelo. E., 3;
HAAT R SPIERFERER RRIREFAER e R ER TFep PRI AR iR SRIENFEEER MR AR
Myelo. E., 3: few Megakaryo. Red cell elements reduced.
BRI IR BB HRIMER Fimiz
Case 7. S. O.
fiE A
I . i _ e et e b
8/ 7/1950| 12.30 4.69 12,050 | 249,000 N.. 30; Band N., 3; Metamye]o N 4; Seg. E., 3; Band. E., 2; Lymph., 16; Mono., 1;
| ;}ﬁi‘eﬂ?ﬂfﬂq‘i FORIFRER  fr i u‘rﬂﬁf@tﬁ FURIFmEE ) v IR LR
| Reticulum cells, 41. Red cells appeal nUrmaI platelets normral
| | . A ARIERL EH OB & 2T %, IVIMTEH
8/20/1951| 12.60 4.51 | 17.675 | 162,000 0.9 | Seg. N., 12; Band N., 5.5; Seg. E., 6; Baso., 0.5; Lymph., 19.5; Mono., 0.5; Reticulum cells, 56.
SRR BRI ARER SRUEFMEER FFMRIEER v v Rk HiBR MBI
| Red cells and platelets appear normal.
i ARIER, MR TR
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12; Band N,, Band E., 1; Lymph., 22; Reticulum cells, 55. Red cells

| iﬂ*ﬁ ﬁﬂﬂﬁﬂk ;}ﬁlﬁﬁﬁk [EETYI T QRS = Al iR IfER

3/30/1951‘ 12.18 | 4.39| 19,400

hypochromic and platelets reduced
| | | I @Rt MY
8/30/1951] Bone marrow: Band N., 2; Metamyelo. N., 2; Myeclo, N,, 2; Seg, E., 2; Reticulum cells, 92, Red cell elements and megakaryocytes greatly reduced.
Pl b FUREFRER WP iEBEREER bR - EIENEER MUY ARIMER Bt X OERIREE WA=+
9/19/1951 12.57 f 4.54 | 19,450 [ 120,000 ! 1.7 9; Band N,, 7; Lymph., 25; Reuculum cells, 59. Red cells hypochromic and platelets normal.
;}i&f‘l‘ﬁ ﬁ:!ﬂ?'l-‘f* Y /"ﬁ e e FRIMERI LT (O REE, i NRTERT
11/28/1951| 8.85 1.37 89,000 60,000 0.9 | Smear not available,
1 wmmxx$gf
12/28/1951 . 4.59 1.37 | 230,500 51,000 | 12 N., 2; Metamyelo. N., 0.5; Band E., 0.5; Lymph., 8; Reticulum cells, 89, Red cells
| | P TN A by [ R R T A ERDE
| hypochromic and plutt.leta dereas
| . , ‘ 1 N,
GRS Vi ey SR - e e -
——rmalld | e fEA —_ 9= o o -
11/9 /1951 12.24 | 4.49 | 26,000 | 198,000 Band N., 4; Metamyelo. N., 12; Myelo. N., 2; Myelobl., 1; Fosin., 5; Band E., 1
‘ ﬁiﬂ'*ﬁf ﬁ#kh’f‘% Ik L‘Iﬂhw‘%‘:&ﬂfbﬁlk !fi‘ﬁ:’%‘ﬁf&ﬁi o+ fb‘.flzibk I K +”»MJ’NEER
Metamyelo. E Metamyelo, Baso., 1; Mono., 6; Lymph., 12. Red cells normal,
ML R IR AR BFHCRA AR W ) ok s SR
| platel_e}s normal in number and appearance.
‘ )ik, BRAFIEIE J"‘
12/ 7/1951| 11.16 4.24 34,083 | 236,000 SL N., 60; Band N,, Melamyelﬂ , 10; Myelo, N. , 6; Band E., 1; Baso., 2;
[ %W‘Pfﬁ F‘Q‘MH HE trep f"if& fl]"lil’iﬁﬂiﬁi Ji'@:!ﬂ'ﬁ!ﬁl lﬁﬂﬂ?mﬁi ﬂl'mﬂu‘«sf*
Metamyelo. B., 0.5: Myelo. B 0 5 Mono 7: Lymph., 10; Red cells show polychromatophilia,
ﬁFMéJ&ﬂ-‘.ﬁ'm'ﬁﬂiﬁ ey hWM‘?‘ HEER U V"fk wImeR  ZEdE,
‘ | platelets normal,
/NS TE .
12/ 7/1951] Bone marrow: Seg. N., 14; Band N., 27; Metamyelo. N., 24; Myelo. 20; Promyel., 1.5; Myelobl., 0.5; Seg. E., 8; Metamyelo. E., 5,
P L SRR PUREFhER  EFpd éﬂ‘ﬁ[ﬂ e 'I‘HMIJ-‘R 1A R ER 'Fihﬂ/ffﬁ ;}?ﬁﬁfﬁ!ﬂ! b7t e R
Megakaryo, normal. Red cell activity reduced,
[ER 780 ST ARULER 2L (1 L

3/10/1952] 10.44 | 4.30 39,225 | 346.300| | Seg. N., 48; Band N, 4; Metamyelo. N., 18; Myelo. N, 1; Seg, 6; Band E., 1; Baso., 3;
] ‘ Sy ey "F'Ek FER L ‘|"f* et BBl by f‘ng'ﬁﬂT* JJ'QQH'MK Fx—ﬁﬂﬁﬁﬂi ﬂ“ﬁﬂl’cﬂz

I I [ Mono., 7; Lymph., 12. Occasional nucleated red cells seen, platelets normal.
‘ MR D ok AR A o 7, U
5/14/1952) 4.10 | 2.05 | 243,000 Sei N., 0.5; Band'N., 4,0; Metamyelo. N., #.0; Myelo. N., 0.5; Myelobl., 87.0; Lymph., 4.5;
| e TN T T Vs
Eosin., 0.5; Retic, cell, 1.7. Red cells slightly macrocytic, occasional N. R. B. C. found; platelets
| | . ‘ | %£§ il A IRILERE 20 A MUERYE , T AT R ILER 4 8805 %, TV 1
| il nt.
5/14/1952

Bone marrow: Band N., 0.8; Metamyelo, N., 2.4; Myelo. N.. 0.8; Myclobl., 91.6; St' E, 0.4; Metamyelo, E., 0.4; Seg. B., 1.2; Lymph., 2.4;
T SRR VAT Rl e R i P
few Megakaryo. Few red cell elements.
EERIY  RIORBDY

FARER  GF ARG R IPREHFEALER U vosiR
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TABLE 5. HEMATOLOGICAL DATA-CASE No. 9, 8. I
x® 5 rfniﬁﬁmﬁxlhrrﬁ 98. L

Dﬂte = "
RBC WBC | Platelets
2.2 ‘Mmeﬁﬂnﬂkﬁ‘ B | e B "M%‘mm

. E., 16; Band E., 1; Seg. Baso., 5; Metamyelo, Bangé, 1

1/ 9/1951! 16,8 5.01 10,150 | 186,000 @ Seg. 50; Band N., 5; Metam

¢
ﬁﬁﬂ?ﬁhﬁi PRI ﬂﬁ ﬂfqlﬂfg'ﬂhﬂm SR #W?H%ﬁ ’}Tﬁﬁ?if.i&bk L 42k T’k
Mono., 2; Lymph., 14. Red cells show ".Itght macrocytosis, anisocytosis and polychromasia, Platelets are
HLER U ovoSER RIERAR R AR C R AT AR U R P A (N
[ large and plentiful.
LR ABEDHD

[

|
1'1/19,/19'52’I 12.9 4.30 9.550I 420,000 | Seg. N., 53; Band N., 6; Metamyelo. N,, 7; Myelo. N., 3; Eosin., 4; -Seg. Baso., 6; Band Baso., 1;
ﬁ%ﬂqﬂﬁ *”#J!T'iﬁk tif e e P ER PR rAEeR ﬁﬂhﬂﬁ?ﬁﬂl PRI HOGER

Baso., 2; Lymph., 14; Mono., 4. Red cells show slight macrocytosis, anisocytosis and polychromasia.
ﬂﬁiﬁiﬁﬂ fHEER U SRR DR AR IR <2 oA R IMERYE Sl AR 20 7 L 2 Yt
Platelets are somewhat atypical and plentiful,
ISP S, 2
4/16/1952| 13.2 4.16 16,000 | 445,120 | Seg. N., 38; Band N., 5; Metamyelo, N., 0; Myelo. N, . E., 25; Band E., 2 Baso., 5; Lymph, 103
‘z}mﬂ*ﬂ FOIREFER Wi I'H:ﬂlili &f'i'H {i8 itiﬁbk ’H‘ FTEER BLIKEFRERR £ z}% HFAGER ) 4R
Mono., 4. Red cells show anisocylosis; oceasional nucleated red cells are seen. Platelets plentiful,

HEER SARHER AN ) A 57 U7 AT Rt IR A B0 2 TGN TES "

5/19/1952  11.5 3.01 20,083 | 453,908 | Seg. N., 49; Band N,, 7; Metamyelo. N., 13; Myelo. N., 7; Eosin. 3; Seg. Baso., 6; Band Baso., 1;
SIEERFRER BRI dFeb i R UFep i RiER  EFEEER O SEEFSILIR BUREFHIEER |
Metamyelo, Baso., 3; Lymph., 10; Mono., 5. Red cells show slight macrocytosis, polychromasia and |
B S iR Y iR AER PRIMERAPCAFRIMERYE, STl AW % |
stippling. Platelets are plentiful and many are large and atypical.
MMRZ, KRIREED L D20
6/19/1952 11.5 3.97 24,575 | 779,100 | Seg. N., 32; Band N., 15; Metamyelo. N., 20; Myelo. N., Band E., 1; Seg. Baso., 3;
SYEERFRER  BUIREFHR R ﬂ"'-f’ﬁ&'”‘h!ﬂ WF et kﬁfi ﬂ‘%ﬂfﬁﬂt BRI REER ﬁﬁkﬂfmﬁkﬂl
Metamyelo. Baso., 4; Lympll.. 11; Mono., 2; Unc]ass cell, 1. Red cells show anisocytosis, sli
A AR At 4 HAER S EASE D I FROERMIRAAS 2 58 L, kil ﬂ'-E'R
macrocytosis and polychromasia, Platelets la ¢ atypical, present in large numbers,
2 R Ml KBS 25
11/ 3/1952 11.5 3.29 16,665 N., 37; Band N., 23; Metamyelo. N., 2] Myelo. N., 3; Myelobl.,, 1; Seg. Baso., 4;
/}ﬁi{?*ﬁi i ﬁfqaﬁl M vl g e ﬁ'ﬁﬂﬁk ﬁf'#‘-‘ﬁ-'f&‘ﬁﬁﬂ A ;}ﬁﬁ‘fﬂﬂﬁi ‘ﬁ'%iﬂ'lﬂ?ﬁ*

Lymph., 6; ono i Retic, cells, 1. Red cells show anisocytosis, slight macrocytosis, polychromasia,

I Fll i e ARMERAIIEA R 25 L, SRRk, SY4ETiiad o, i

and stig Occasaonal nucleated red cells seen, On scanning smear, a good many reticulum cells present.

IFITAT ﬁ’&rﬂ&b % BHER S EOMBE A D 5

2/13/1953 12 4.28 309,775 | Seg. N., 27; Band N., 27; Metamyelo, N., 16; Myelo. N., 6; Seg. E., 1; Myelo. E., 1; Seg. Baso., §;
ﬂ‘ffﬁﬂﬂf FLREF AR H‘Pﬂ-’ﬁt’ﬁ‘ﬂi’(ﬁk FF i A SR :’r}fﬁ?ﬁﬁfﬁ FFRETE R ER ﬁilfﬁ(ﬁkﬁ!

Lymph., 12; Mono., 2. Red cells show slight macrocytoms and polychromasia. No nucleated red cells or
R HAER ARHIER e AR IR € 2 Bl ATHG IR ERBE A4 2 7L s
stippling. Platelets are not as plentiful as in prior smears.

i NG T AR o Mt 2 < T
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5/20/1953

7/22/1953

9/25/1953

10.1

9.9

10.3

3.41

3.40

3.62

55,250 | | 18; Band N., 40; Metamyelo. N,, 18.5; Myelo. N., 6.5; Myelobl., 0.5; Seg. E., 3.0; Band E., 0.5;

ﬁ‘%ﬁ"‘lﬂﬁ PUREFER P AR e e R SRUFREIR | ALIREFARER
‘ .5; Metamyelo. Baso., 0.5; Mono,, 0.5; Lymph., 8; Retic. cells, 0.5, Red cells show marked

PRI . O SRR IR ) voiR RS BRI 7 2 el

polychromasia, anisocytosis, stippling and nucleated red blood cells. Platelets plentiful,
ARSI, B L, foa R IR 4 18 % [fine |~ %

46,200 312,800 Seg. N., 16; Band N., 30; Metamyelo, N., 30; Myelo. N., 10; Promyelo., 1; Myelobl., 1; Seg. E., 1.5;
SIEFRIR Fr‘#tﬂ"f‘ﬁk fiF e B 51’[1'* iy '1113:1'] RER  AEEIER iR S SEF R
Metamyelo. E., 0.5; Seg. B., 3; Metamyelo. B,, 3; Lymph., 4. Red cells show polychromasia and
‘ Hiﬁﬁ'&'ﬁ‘iﬂu ﬂimﬁﬁﬂl mm&wm Y voER RIMER, 2RMciieiEns
stippling, Platelets plentiful.

ANIE 2

82,980 Sep. N., 27.5; Band N., 22; Metamyelo, N., 24; Myelo. N., 11; Promyelo, 1; Sei E. 0.5; Seg. B,

It AR [N EF e e AR ﬁf'Pﬂ-Hﬁd{?ﬁE TR TR ER ﬁ*iﬁiﬁ%ﬂ
Metamyelo. B,, 1; Mono., 0.5; Lymph., 5. Red cells show polychromasia. Occasional nucleated red

T R R R ) SRR RIEREE S BT AT R IR 2 329 2
‘ ‘ cells seen. Platelets not as plentiful as before,

BB R BB < Fous
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TABLE 6. BONE MARROW DIFFERENTIALS-CASE No. 9, S. L.
# 6 W M % — fF & 9S. L

Dat
Hh ;} ‘ Differential {5 ‘ Comment fff 1
Rl . o _ B
4/19/1952| Seg. N., 12; Band N,, 30; Metamyelo. N., 20; Myelo, 16; Promyelo., 2; Red cell activity decreased; megakaryocytes normal and
3 ﬁTqﬂ* W»‘ikﬂ?qﬂﬁf &?*ﬁ&”’%&‘ ﬁT‘Pﬁ’H S AFIER A AR EEMITER
Myelobl,, 1; Seg. ; Band E., 2; Metamyelo. E., 2; Myclo. E,, 1; reticulum cells increased.
'ﬂfMﬁ'gﬂ g fﬁl‘i"ﬁ@ﬂ% f‘aikﬁﬁiﬁk Tkt B iR HF Pl - AACER AT
., 2i Lymph.,
;m&fﬁmm ) vl '
6/19/ 1952 Seg. N., 4; Band N., 23; Metamyelo. N., 26; Myelo. N., 24; Promyelo., 5; Red cell activity reduced; megakaryocytes increased and atypical
o ﬂ&ﬁf’f'bk PUREF IR itfﬂl'f-k%""'ﬁﬂf ll'q-'fq-’ﬁﬁllhk ﬂil - thlf =R IRIMERERCAE MR BRI M, MEPE
Myelobl,, 2; Seg. E., 1; d E., 2; Metamyelo, E., 6; Myelo. E., 3; and reticulum cells increased.
ﬂ'hﬂ*‘ﬁk SRR ER ﬁ'ﬁfﬂ?!&ﬁi Rffﬁf-l:&'ﬁﬁﬂﬂ ﬂa‘ﬂﬁf"i RIS fsEHn
Sep, B,, 1: Metamyelo, B., 3.
%tu'r K EFHOPE A RS
11/ 3/1952 : Band N., 24; Metamyelo. N,, 28; Myelo, N,, 20; Promyelo,, 107 [, Red cell activity reduced; megakaryocytes nnrmnl and
5} ﬁ‘éﬂf I'!—'ﬁ +'HMﬁ'ri1l* W‘F Hﬁ'nﬁlﬂfﬁ e o ﬂi[i* Til'i‘i fhlill‘k y i INLER A A MR B sAE 1R
Myelobl., 5; Seg. E., 2; Band E., 1; Metamyelo, E., 3; M E. reticulum cells increased.
1’“&(“1*1 Bf)ﬁ%ﬁ?ﬁﬁf* ﬁﬂtﬁ%ﬁ&ﬁ TR o Rl K fll'rfﬂf"i W Thﬂl‘k AHIAA I e S 1 = 19 2
etamyelo, B.,
7 A A ER
2/13/1953 Seg. N., 7: Band N., 23; Metamyelo. N., 43; Myelo, N., 12; Promyelo., 9; Red cell activity slightly reduced; megaryocytes increased and
g s ol Pl'»lkﬁfi"ﬁﬁ I"T‘F'ﬂ-fﬁ:‘”ﬁﬁﬁﬁ tf e ER iR R IMER 4 BURE 0 R0 ELEEERRM, W
Myelobl., 1; Seg. E., 1: Band E., 1; Metamyelo. E., 1; Myelo. E., 1 atypical and reticulum cells increased,
’HNIHH! 41 &H miﬁ P*ﬂ\k]‘ﬁ%ﬂ GFERVE B Bl ER UFmattpr HER HEE R m
R i
5/20/1953 N., 4; Band N., 27.5; Metamyelo. N., 27; Myelo. N., 26.5; Promyelo,, 7: Red cell activity reduced; megakaryocytes and
;J' Mr’rllﬂ! FLR iR H*ﬂﬁ"“‘ﬁ‘ﬁﬁ itffhi‘k Fi-thfi LUREREEY AR 2 1 EAZRRIE O
Myelobl,, 1; Seg, E., 3; Metamyelo, E., 1.5; Myelo, I, 1: Lymph., 1. reticulum cells increased.
Pl AR f}ﬂ‘afffmlﬁ 7 1 e TR Hmﬁlﬂfhﬂﬂi vk AN b
9/25/1953 . N., 83: Band N., 15: Metamyelo. N., 26; Myelo. N., 15; Promyelo. 4; Red cell activity and megakaryocytes decreased. Decreased
/) IH"FJ* Fq'ikﬂ'flffﬂl ﬂfqlﬂiﬁﬁ'ﬁﬁﬁ T e Al 1']'?1 fhli IRIMER A RRE s & ONE Rk A
Myelobl., 1: Seg 1; Band E., 1; Metamyelo E., 1; Seg. B, 1; reticulum cells. Mitoses plentiful.
'ﬁ[ﬁf[,llﬁl B;}T&Uﬂ?ﬁ% FF-‘M.H@I?R P REPE R HER f}'ﬂbﬁm{?ﬁsﬁf il pi o> HATAEH
etamyelo, B,
ﬂ‘ﬁi?ﬁﬂ&ﬂ fbliER




TABLE 7. CYTOCHEMICAL STUDIES ON THE SEPARATED GRANULOCYTES
OF CASES No. 9, S. I. and No. 10, L. S.
=2 7 S EoEB{EFONT—fEA 9S. L, 10 L S,
&{h‘eﬁ Alkaline phosphataset Acid phosphatase} Glycogen
%HE ,7;»;’:9&7*7.775!—4£| 7+ A7782—% FYVa—-ryv
Case No. 9, S. L.

11/ 3/1952 2.0 10.4 4.7%
2/18/1953 2.5 4.7 4.5%
5/20/1953 2.4 7.7 3.7%
7/22/1953 2.7 14.7 27.7
9/25/1953 1.2 60.4 1.7

Case No. 10, 1. S.
S Al

11/22/1952 ] 2.62 10.4 15.4%

7/ 7/1953 | 3.04 . 58.3 103.7

*Glucose. 7 F ¥
+ Expressed as mg. P liberated per hour 10" leukocytes. FUMERE 10" 25 b 05805 | Belilf{ 2-aglifr ©

zbli,

1 Expressed in mg. per 10" leukocytes. PIMERE 10" 4 ) Oagliify v L1,

30)
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TABLE 8. HEMATOLOGIC DATA-CASE No. 10, 1. S,
® 8 Mm@\FMEMN—MEM 0LS

Date |y, WBC | Platelets | — . N -
B H R s | T Ditfesental AR
3/20/1951] 12 | 4.04 10,000 | 175,000 | Seg. N., 50; Metamyelo, N, 1.6; Myelo, N,, 0.5; Seg. E., 20; Band E., 3; Baso., 1, Mono., 7; Lymph., 17.
iﬁqﬂ* B e B R B e P ER ﬁ%&&?’?ﬁfi ‘f‘%)ﬂ\fﬂ'@ﬂf ﬂ?iﬂ&bﬁ TAER Y v oS iR

Red cells slightly macrocytic, platelets increased,

| IR LSRR MERYE , it 250 b

4/ 8/1952 10.8 | 3.80 24,250 | 387.600 | Seg. N., 40; Band N., 10; Metamyelo. N., 5 Myelo. N., 8; Eosin., 9; Band E., 1; Baso., Band B.,
ARIFFER BRI PRI PR e F"ikﬁ?ﬁﬁbk l'!fli.Uis'kﬁ k. PIM'EFKUJEEER

| Lymph., 12; Mono., 10. Red cells appear normocytic and normochromic, Platelets apﬁ-ear adequate in

) v A HER ARIERIESS, IESHE It MR I

number,

5/19/1952 9.84 3.85 13,775 | 381,645 | Seg. N., 40; Band N., 2; Mel.dmydﬂ 2: Myelo., 3; Seg. E., 16; Band E., 3; Baso., 6; Lymph,, 23,
SREUFRER  FUREF A ER (ER R T Rk *ﬁﬁﬂ@ﬁ! ﬂ'FlﬂéisJ# Y B

Mono., 5. Red cells appear qlﬁ‘htly hypochromic, Platelets appear normal in number,

HLER IR 2 44 2 MM MEEEOES
7/ 7/1952) 10.2 3.60 18,825 Seg. N., 47; Band N., 14; Metamyelo., 2; Myr_.-lo., 5; Eosin., 7; Baso., 1; Lymph,, 14; Mono., 10,
SAERFRER BUREFER SRR Ptk e fi R RFHEAEER U v - R ik
Red cells appear normocytic, normochromic. Platelets are numerous.
FRIOVERTER, TR IENTES
11/22/1952) 9.9 3.55 | 26,550 | 475,700 | Seg. N., 43; Band N., 7.5; Metamyelo. N., 4,5; Myelo. N., 11.5; Eosin., 10.5; Band E., 2.0:
| | EEPR FUREEAEER b ep i B RER UFrp A EiiER TP RERR FUREFREIR
| Myelo. E., 0.5; Baso., 3.5; Lymph., 10.5; Mono., 7.0. Red cells show anisocytosis and poikilocytosis.
EFREVEFRIER  EFHTALER Y v oiRR HiER PRIMER LR EOOEE AR L, e
| Marked increase in platelets.
BRI A R
7/ 7/1953 9.0 3.57 17,175 | 874,650 | Seg. N., 50; Band N., 15; Metamyelo, N., 15; Myelo, N,, 1; Myelobl,, 1; Baso., 5; Baso, Meta,, 1

T W R j i
ﬁﬁﬁ? ,3* 23 Qﬁgﬂmw Pld{e{eﬁﬁiljlmful Red ire{llfg Rﬁ%ﬁw&shg%%ﬁr%ﬁrocytﬁl?%ﬂt mr\{{ﬂ}gfttiﬁﬁ w

Y v osIR i ARG RS2SR BT RE D ISR A 78]
Platelets, 874, 650.
. IR
10/15/1953 2.9 | 1.48 1,025 39,420 | Seg. N, 3; Band N., 2; Lymph, 75; Mono., 3; Myelobl., 17; Platelets scanty. Red cells show anisocytosis,
SEFPER BUREFPR U R BUR B 2EER Hus Mg B éf[ﬁlﬁkliﬂﬂﬁ?f‘ﬁ]‘&:!ﬂ?b
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TABLE 9. BONE MARROW DIFFERENTIALS-CASE No. 10. 1. 8.

# 9 M

Date |

%
A |

4/11/19 52‘

6/ 2/1952

7/ 7/1952

11/22/1952

7/ 7/1953

10/15/1953

Differential Ffi{%

& — 4 # 10 1L S,

Se, & N., 13; Band N., 15; Metamyelo. N., 20; Myelo, N., 36; Promyel., 2.5;
lT“I“ER Fdﬂﬂ“f'ﬂt l'lT‘I-‘f'-J-f&ﬁ'iﬁiﬁ e A ER  ATE R
Myelobl., 1.5; Seg. E i Myelo. E., 0.5; Lymph., 10.
'ﬂhﬂﬂ"ﬂ ﬂ‘*&ﬂﬂﬂﬂ #Fﬁiﬂ:"a'ﬁiﬂﬁi ) AR
i N., 20; Band N., 33; Metamyelo. N., 19; Myelo, N., 23; Promyel,, 1;
W'#ﬂi F"]iﬂ?ﬂf"l* UF e - ER e 'ﬁ'ﬂiﬂﬁ iR
+ 053 d E., 0.5; Myelo. E., 1; Seg. B., 0.5; Lymph., 1.5,
;}ﬂkﬂ?ﬁiﬁ ﬁilkﬂ!'ﬁi* bF g 'ﬁ'ﬁﬁl ;}ﬁﬂ'mﬂ.ﬂ Y /"fﬁ
16; Band N., 28; Metamyelo. N., 23; Myelo. N,, 27; Promyel,, 1.5;
» MMH* PR AT e R i PRERERRER T P AR e
velobl., 0.5; Band E,, i Metamyelo. E., 0.5; Myelo, E., 1; Lymph,, 1.
'ﬁﬁﬂm* Fﬁkﬂfﬁﬁﬁ Ww{ﬁ’ﬁﬁﬁﬁ il‘ﬁﬂﬂ-ﬁ‘ﬁ'ﬂ{ﬁ! Y v AR
i ; Band N., 31; Metamyelo, N., 22; Myelo, N., 31.5; Promyel, 2;
*W'hﬁi %«U\‘iﬁ‘q‘ﬂi U b e ﬁﬂﬁﬂ IR MIH Al FER
Myelobl,, 0.5; Metamyelo, E,, 1; Myelo. E., 0.5; Lymph., 2.5.
e A P 4 PR Bl UIZRRE: |
N., 15; Band N., 31; Metamyelo. N., 22; Myelo. N., 11; Promyel., 3;
5?3“?’!‘1* F‘iﬂﬁf‘?‘ ﬂf'#‘ﬂ-ﬂé‘H‘ﬁﬂf Efeh e i EahiEk
Myelobl., 0.3; Baso, B,, 0.1; Lymph., 0.2; Plasma cell, 1.
R BFHTAGER Y ok T HTER
Seg. N., 0.5; Band N., 0.5; Myelocytes N., 0.5; Mydohl 5; Lymph., 3.
bF sk - ER

SREFER AR

AR Y v oiER

Pl

Comment {iff 3

Decreased red cell activity, megakaryocytes normal and
il HUER 2 R A8 R FEEREE

reticulum cells increased.

Al RE R 2

Decreased red cell activity, megakaryocytes normal and
iR A RE M FLGHRIER
reticulum cells increased.

Hilgasmia g m

Decreased red cell activity and megakaryocytes normal.

ARAILER 2 B R FZERIE

Decreased red cell activity and megakaryocytes normal,
il R A AR D FRERIER,

Red cell activity diminished; marrow specimen poor.

e HliER 4 R RE M 2 AT S

Marrow scanty, few megakaryvocytes or red cell FE eCUTSOTS Seen.

PROEERD 5\ RaRMmER O HiR 7 8 2
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