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AREMEANFEECS I EREEAB (KREE) CBT 3

SRBAE, BB RH,

1948 — 69 %

PAUL 1. LIU, M.D., Ph.D. !; TORANOSUKE ISHIMARU, M.D., M.P.H. (RAEZH >,
DOUGLAS McGREGOR, M.D.!"; HIROMU OKADA, M.D. ( [@H 8. )° ARTHUR STEER, M.D.'

Departments of Pathology, ! Statistics, 2 and Medicine?
PAEED, D BEAHES, ® & & UTERER A

SUMMARY

Granulocytic sarcoma (chloroma) was present in
23 of 338 myelogenous leukemia patients autopsied
in Hiroshima and WNagasaki during the period
1948-69. There was no evidence that granulocytic
sarcoma was more frequent in persons with myelog-
enous leukemia who were heavily irradiated at the
time of the A-bomb although the incidence of
myelogenous leukemia was greatly increased in the
heavily irradiated group as compared with controls.
Granulocytic sarcoma was found in 19 of 237 patients
with acute myelogenous leukemia, in 3 of 77
patients with chronic myelogenous leukemia, and in
1 of 24 patients with chronic myelogenous leukemia
with blast crisis. Granulocytic sarcoma was
significantly more frequent in children and young
adults. In addition to the usual clinical signs and
symptoms of acute and chronic myelogenous leukemia,
pain (in 78%) and notable tumor formation (in 65 %)
often with exophthalmus (in 30%) appeared early in
the course of disease while paralysis (in 52 %)
and/or urinary incontinence (in 30%) occurred
later. At autopsy, the sites most frequently
involved by the multiple, grossly recognizable,
sarcomatous tumors were bone (91 %), ovary (75 %),

2 0

194845 4 5 19695 D IR & & U EIFIZ B\ THMK %
iTh o B R 338 £ 5 b 234 - BBk
P (RREAE) £ 300 7. KO BKSHEE 2 B0 &
MEMBEOFEERIIHBEICHSATE LML T3
ZE AR LR, EEICHEL - EBREoEMEA
097 43 12 SRR ERME PIRE 0 BELRE AT R D @ 2w S EERUE
Woohhhok, BHERMEALKERE 272055
19%, BEEEEAMEEETTEOI L34, BLUR
PEFRGE 2 ) MMEEHMtABEEEUdED > 5 1 HBICH
HERE AR 2 380 7. R B & UTFEO PR ERIERE O
BT A BICE 2 o7 Bbks L URE B A MR W
A5 N5 BRRR IR B X URERODIE Iz, FIEOZBOR
Bz EWTIEER (78%) LU LWIEBIFK (65%) '
AHoh, REREHEZMEIZ L2257 (30%) 27,
BEE (52%) AW LIRKEE D L BIMICE > THBRAL .
BRREE I, ZRMPIIEMEMEE S PIRMICED L (D5
N B0, B (91%), 9NN (75%), V) ¥ Vi (57%),
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lymph nodes (57%), kidney (48 %), dura (39%),
lung (26 %), arm (26 %), and breast (25%). Compar-
ison of the intensity of leukemic cell infiltrations
in histologic sections from myelogenous leukemia
patients with and without granulocytic sarcoma
showed that it was increased in intensity and
frequency only in the pituitary of patients with
granulocytic  sarcoma suggesting the possibility
that an endocrine facror is involved. The survival
time was slightly shorter for myelogenous leukemia
patients with chan without granulocytic sarcoma.
The pathogenesis for tumor formation is discussed.

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 bomb. However, no
individual case could be specifically recognized
and designated as being radiation-induced rather
than of the ‘usual spontaneous’ type. Continuous
study and comparison of many features of leukemia
vielded no pathologic differences between irradiated
survivors and controls. The study of another
feature of leukemia, the occurrence of granulocytic
sarcoma in patients with myelogenous leukemia,
provided another opportunity to search for a
distinguishing characteristic of irradiation-induced
leukemia.

A ‘green tumor’ was first described by Burns in
1821! and the term ‘chloroma’ was first used for
this tumor by King in 1853.2 Dock3 established
the association of chloroma and acute leukemia;
however he thought that the tumor cell was a large
lymphocyte. The first case of acute myelogenous
leukemia associated with chloroma was reported by
Turk4 in 1903. Since that time many cases of
chloroma have been reported to be associated with
myelogenous or monocytic leukemia, usually of
the acute form.

Patients with chloroma differ from others with
leukemia in that true, expansile, tissue destroying
tumor nodules are always present. The tumors
are usually green because they contain myelo-
peroxidase (verdoperoxidase),’ a green pigment
with high peroxidase activity and a red fluorescence
under ultravioler light.6 Myeloperoxidase has been
studied in both neoplastic and normal granulocytes
and appears to be physiochemically similar in all
aspects. / Since the granulocytic sarcoma tumor is
not always green, is composed of immature neo-
plastic cells of the granulocytic series, has no
organoid pattern, and resembles a sarcoma, the
term ‘granulocytic sarcoma’ suggested by Rappaport8
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PE2HT580LEL 2L 00HBOE IzoVwTH
MFEPEA 2T DFERE & bl U € 4 3 &, SARIERE AR
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is thought to be more appropriate than the clinical
term ‘chloroma.” (QOther terms which have been
suggested for chloroma  are  chloromyeloma,
chloromyelosarcoma,  granulocytic  leukosarcoma,
myeloblastoma, myelocytoma, and myelosarcoma.
This report describes the systematic study of 23
cases of granulocytic sarcoma found among 338 cases
of myelogenous leukemia autopsied in Hiroshima
and Nagasaki.

MATERIALS AND METHODS

In both Hiroshima and Nagasaki, a concerted and
vigorous leukemia surveillance program? has been
maintained by the University Medical Schools,
the medical societies, and ABCC. Doctors are
offered hematologic consultations and laboratory
service for any patient who has any indication of
a hematologic disorder in an effort to arrive 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
evaluation of autopsy findings.

It is believed that since 1949 most patients with
leukemia in the two cities have come under this
observation and study and are listed in a special
hematology study sample (HE39). They include
some persons in the JNIH-ABCC Life Span Study
(LSS) sample and many others who came to the
two cities or were born long after 1945. The LSS
sample, the usual basis for study of radiation
effects, consists of approximately 100,000 irradiated
and nonirradiated persons selected from census lists
and matched by age and sex. Radiation dose
estimates have been made for exposed persons
in both the closed L.SS sample and the open ended
HE39 sample and both samples were used in this
study of the relation between the occurrence of
granulocytic sarcoma and radiation exposure at
the time of the bomb (ATB).

Clinical data, gross tissues, autopsy protocols,
histologic sections, and available peripheral blood
and bone marrow smears of all patients with an
autopsy diagnosis of leukemia were reviewed
and the findings were recorded without knowledge
of radiation exposure. The number and location of
all tumor nodules were noted and the distribution
and intensity of diffuse (nontumorous) microscopic
leukemic cell infiltrations were listed. The
latter were graded as none, moderate, or severe in
19 selected tissues and organs. Duration of disease
was calculated as accurately as the clinical history
would permic. The radiation dose, if any, received
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ATB was the TG65D estimated dose derived after
evaluation of bomb yields, air dose curves,
shielding configurations, and other related data.l0

RESULTS

As shown in Table 1, there were 338 cases of
myelogenous leukemia (237 acute and 101 chronic)
among the 474 leukemias of all types that were
autopsied from 1948 to 1969.
patients with myelogenous leukemia also had
Table 2 shows the distri-
bution of these cases by age at onset, sex, and
chronicity.
a significant variable.

Twenty-three of the
granulocytic sarcoma.

Of these factors, only age at onset is
Granulocytic sarcoma is
more frequent among young persons who develop
myelogenous leukemia and, in this series, no cases
were found in persons who were more than 60 years
old at the onset of disease (Figure 1). When
chronicity and age at onset are examined together
(Table 3) granulocytic sarcoma is found with
significantly greater frequency in persons under
15 years of age who have acute myelogenous
leukemia. There were more males than females with
granulocytic sarcoma but this was not statistically
significant. Similarly, the number of cases of
granulocytic sarcoma was larger in patients with

AR, SR ORR L & 07 O 1o BE R 0/ &
Lzl TiHsN/ATESDHEEHRETRL 2.
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FLIRLAE& Iz, 19488 4 51969 & TIEIM % 2
Bt NTORMOAME 474 flo 5 5, 338 il o &tk
(L (P 237 1, 181 100 ) A e . EBiEA D
HERED I L, BHNENERERES RS SN, £ 2
iE, NS OFOREBIFER, b & B S5
ERLAEBOTHSE. ZHE50ATOI b, RFEKFER
DHIZEBOEN S0, BURERME P S 1 © 0055 &
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HolBLRIALED SN A -2, ZHIEE1IZR
Lz, 1BMES L URBREEROFE IC W THNLE
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FIGURE 1 PERCENTAGE DISTRIBUTION OF MYELOGENOUS LEUKEMIA WITH & WITHOUT GRANULOCYTIC
SARCOMA BY AGE AT ONSET
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TABLE | LEUKEMIA CASES AUTOPSIED AT ABCC, 1948-69
# 1 ABCC THIF % %It/ AMARER, 1948—69%F

Acute myelogenous 1 237 50.0%
Chronic myelogenous 18 {1 Bl 14 101 21.8
Acute lymphocytic Fo i R RPAE- §i:3 74 15.6
Chronic lymphoeytic 1811 > /SER 3 0.6
Acute myelomonocytic & M ifi 11 HL 5 14 15 3.2
Acute monocytic AN ERE 16 3.4
Acute other type ZOfo ik 20 4.2
Erythroleukemia i £ 10975 "8 157
Total wt 474 100.0

TABLE 2 MYELOGENOUS LEUKEMIA WITH & WITHOUT GRANULOCYTIC SARCOMA (GS) BY SEX,
CHRONICITY, & AGE AT ONSET

£2  BHEMEE M BRI AME (GS ) 2RIl S UL &Vl 1,
PR, B X UNSEIEE S A

Myelogenous Leukemia i % (2 1L #3

Ttem x 2 Test
HE All Cases With G.“S % with GS W
4z fAil GS &2 GSEMHIM%
Sex Male % 202 15 7.4
FE R Female % 136 8 5.9 } NS
M/F Ratio % %l 1.5 1.9
Chronicity Acute A 237 19 8.0
B 14 2 Chronic &1 77 3 4.0 NS
Chronic with Blast crisis
MBETAMBELIHEILO 24 1 4.2
Age at Onset <15 66 9 13.6
FE A7 I F 15-44 164 11 6.7
45-59 69 3 4.4 p:<.05
60+ 36 0
Unknown 7 8A 3 0
Total # 338 23 6.8

NS: Not significant #7383 7% L

TABLE 3 OCCURRENCE OF GRANULOCYTIC SARCOMA IN PATIENTS WITH ACUTE & CHRONIC

MYELOGENOUS LEUKEMIA BY AGE AT ONSET

%3 SiskoBto S eI S5 BERERMEPAE O R . R E 5

Age at Onset

Myelogenous Leukemia*®

With Granulocytic Sarcoma

FORLER MR PO IE & 1 5 ()

A R A Acute @1 Chronic 181 Total #t

Acute BM  Chronic M1 Total ¥t

<15
151,

B i 1 B L5
56 10
179 90

66

269

9
10

9
14

*3 cases without granulocytic sarcoma excluded because age at onset is unknown.
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acute myelogenous leukemia than in patients with

chronic leukemia with or without
terminal blast crisis but the difference also was not

statistically significant.

myelogenous

The major signs and symptoms recorded in the
clinical charts of the 23 patients with granulocytic
sarcoma were pain (78%), tumeor nodules (65 %),
and motor disturbances (52%). These were present
in addition to the usual signs and symptoms of acute
myelogenous  leukemia and were
manifestations of tumor formation, tissue destruction,

and chronic

and interference with local function characteristic
Pain,
observable tumor formation, frequently was an early

of granulocytic sarcoma. usually  with
symptom while paralysis and/or urinary incontinence
appeared late in the course of disease as a mani-
festation of cranial nerve or spinal cord involvement
Table 4 lists these

findings by specific location.

or compression by tumor.
Pain was most
frequent in the back and leg, tumor nodules were
most frequent in the orbit, usually with exophthalmos,
and in the chest wall and motor disturbance was
indicated most frequently by paraplegia and urinary
incontinence.

HEIZHL2bO & IBEEMHESLGHRH LD & RatEEH
HAMBAOIE S ZEh -4, 20ZIXFEHFHIZIT
BEETLOTWR AN 1.

PR 2Rt PR 18 % 23001 00 B AR B0ER 12 EA & T\ B BIR
BEUEROB b 5 DI, MG (78%) , W (65%)
BEUMMIE (52%) Thor. choiy, AMe L
PO ) B R M £ LA 12 %5 1 B 0 0 OB B & OEER & &
bR 5N, MEMIEN, MRS & O BUHER I A
DHETH 5 BEHIREMED RRERL 2. WEFT
HET & B C 1B A PRIGER & LT & A 3D 5 h,
BRAE P REREG, MBOEEME CHHRC ST 2 H%E
FEIEMI L BHMMEERE L TR bAA, £41E, Zh
EOMREMEINCTRLALOTHS. EMLHHE &
MR & <, A& H IR 5 G 3 IRERZZ I % 1 5 )
BEUMERIC RS £<, % 2EMPEEE LI L ISR
BEURESEL LTHEL AL,

TABLE 4 MAJOR CLINICAL SIGNS & SYMPTOMS IN 23 PATIENTS WITH MYELOGENOUS LEUKEMIA
& GRANULOCYTIC SARCOMA

F 4 EHIME RIS B & CBRIERMERINE O H 2 230012 1 B E T & BRR MBI & L UHREIR

Signs & Symptoms {#f% - GE K No. # % Signs & Symptoms %% - i K No, W ¥ %
Pain LA 18 78.3 Tumor nodules fifi 725 £ iii 15 65.2
Back w T 30.4 Exophthalmos — FRERZ2 7 30.4
Leg ] 7 30.4 Chest Wall fg 6% 3 13.0
Ear H 4 17.4 Breast L% 2 8.7
Eye iR 4 17.4 Ear H 2 8.7
Head LI 4 17.4 Face i 7 2 8.7
Arm i 1 4.3 Lymph node DI i 2 8.7
Chest fig 0 1 4.3 Abdomen % 6 1 4.3
Pharynx I 96 1 4.3 Arm i t 4.3
Shoulder lEj 1 4.3 Finger 1 1 4.3
Motor disturbance 3 0y i 12 52.1 Scalp T 2 1 4.3
Paraplegia IR 8 34.8 Thigh 2 1 4.3
Urinary incontinence %3 3 13.0 Toe iR 1 4.3
Facial paralysis A1 (F] FEE 42 1 4.3

At autopsy, tumor nodules were found in all cases
of granulocytic sarcoma as required by definition
of this diagnosis. Only tumors larger than 1lcm
dimension were accepted as
Myelogenous leukemia with

considered

in at least one
granulocytic sarcomas.
lymph node
granulocytic sarcoma if no other tumor nodules
were found. The tumors varied from soft to hard
and from the characteristic green (17 autopsies)to
brown (4 autopsies) and grey (2 autopsies).

enlargement was not

BRI, COBMETTAOILELERSHOE
ERMEPIRE O 2 i ASR AR s i, 2hlEb
—HOEHN Lembl Lk & & QRO & & FRER M PIAE
ERWL 2. BHMEELSmE T v SRR S ST,
EHEHAES N Z VL0 BERERIERE: 22 & %
ok, BHEIEEPLOLLSBOELEO, FAMED
RO (EMRLTED 5 B (i 4F) 5L CRE (Hl R
2fl)gT, sEEEThHhok.
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TABLE 5 DISTRIBUTION OF TUMOR NODULES IN 23 PATIENTS WITH GRANULOCYTIC SARCOMA
#5  BREREPINE & F 5 23001z B3 B ST O 9 A6

Site i No. ¥ %

Bone i 21 91.3
Vertebra ¥ HE 13 56.5
Sternum a7 11 47.8
Cranium 7 7% 10 43.5
Rib ih 6 26.1
Femur KA 3 13.0
Pelvis Ak 1 4.3
Soft tissue LI ik 17 73.9
Dura B A 9 39.1
Arm Lid 6 26.1
Chest K 4 17.4
Thigh IH] 4 17.4
Retroperitoneum %3 % 3 13.0
Scalp i 3 13.0
Abdomen 1% &6 1 4.3
Diaphragm i 1 4.3
Face 41 ifii 1 4.3
Finger & 1 4.3
Pleura Fig fgk 1 4.3
Retrobulbar IR £ % #5 1 4.3
Toe ki 1 4.3

Most patients had multiple tumors and involvement
of more than one tissue. Table 5 lists the distribu-
tion of tumors by site and tissue involved. The
23 patients with granulocytic sarcoma had tumor
nodules in 143 sites. Bone was most frequently
involved (21 patients, 44 bones) by tumors which
were usually subperiosteal and most often in the
vertebrae, sternum, and cranium. Tumor nodules
were frequently found in soft tissues (dura and
arms), lymph nodes, and kidneys. Six of 8 female
patients had granulocytic sarcoma tumors in the
ovary and 2 had nodules in the breast but none of
the 15 male patients had involvement of prostate
or testis. Representative illustrations of the
gross appearance at autopsy of the tumors of
granulocytic sarcoma are shown in Figure 2.
One of these cases was presented previously as a
case report. 11

The intensity of leukemic cell infileracion in
histologic sections of various tissues was evaluated
to determine whether this wusual characteristic
feature of leukemia was more intense in myelogenous
leukemia patients with than without granulocytic
sarcoma. For this purpose histologic sections
from the tumor nodules were excluded. The results
of this comparison are given in Table 6. With the
exception of the pituitary gland there was no
statistically significant evidence that leukemic cell

Site & No. {1 # %

Lymph node URPPAY 1] 13 56.5
Kidney L 11 47.8
Lung il ik 6 26.1
Brain it 5 21.7
Intestine % 4 4 17.4
Heart oL 5o 2 8.7
Liver . AT A 2 8.7
Pharynx 1 9R 2 8.7
Spleen TR 2 8.7
Stomach " 2 8.7
Thymus g Bk 2 87
Salivary gland B % % 1 4.3
Urinary bladder i 1 4.3
* Qvary LIRS 6 75.0
* Breast L 2 25.0
* Uterus FE 1 12.5
* Vagina e 1 12.5

* 8 females with GS
GS # 1 7 «ik 8
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FIGURE 2 GROSS APPEARANCE AT AUTOPSY OF THE TUMORS OF GRANULOCYTIC SARCOMA
M2 Sk ER Y PR O SRR 0 PR S

(A) Base of skull, (B) Heart, (C) Fingers and Arms, (D) Jejunum, (E) Retrobulbar tissue, (F) Right kidney.
(A) THEES, (B) LW, (C) gtk Uk, (D) 2B, (E) IRER i an sl i, (F) B



TABLE 6 INTENSITY OF CELLULAR INFILTRATION IN MYELOGENOUS LEUKEMIA BY SITE IN 23 CASES WITH &
315 WITHOUT GRANUL®OCYTIC SARCOMA (GS)

#£6  EHETERAMA I B A MR AR . BERIERMEINE & £F 9 230 5 L OVFED 40w 315 11 503 B S

Degree of Infiltration with GS

Degree of Infiltration without GS

Tissue GS & 43 1z 511 5 R GS &b 2 VI B 1 5 R Test
ki Severe Moderate None Severe Moderate None R HE
3 FE th 5 RE il o FE vh %R L
Bone marrow it i 82.6 % 8.7 8.7 66.3 % 24.4 9.2 NS
Lymph node ') ¥ /Y50 56.5 30.4 13.0 47.0 36.8 16.2 NS
Spleen (L3 56.5 39.1 4.3 46.0 43.5 10.5 NS
Liver BT i 26.1 47.8 26.1 ‘ 24.8 54.0 21.3 NS
Kidney W 17.4 43.4 39.1 14.3 46.4 39.4 NS
Brain s 5.3 36.8 57.9 8.5 17.9 73.5 NS
Meninges i B 15.8 42.1 42.1 T 26.5 65.8 NS
Heart Lo B 8.7 30.4 60.9 1.9 38.8 59.4 NS
Lung fiti R 13.0 43.5 43.5 7.9 41.6 50.5 NS
G-I Tract B BT 43.4 47.8 BT 41.9 52.4 NS
Subcutaneous £ F 4.4 17.4 78.3 1.0 121 87.0 NS
*Uterus FE 12.5 25.0 62.5 3.9 18.0 78.1 NS
*Ovary EERS 0.0 12.5 87.5 1.6 10.2 88.3 NS
*Breast LB 12.5 0.0 87.5 0.0 7.0 93.0 NS
“*T estis £ 6.7 33.8 60.0 3.7 26.7 69.5 NS
Adrenal s 4.4 17.4 78.3 1.6 28.2 70.2 NS
Thyroid PP A Bt 4.4 4.4 91.3 0.7 10.5 88.9 NS
Parathyroid b/ /% 4.4 219 73.1 1.3 14.1 84.6 NS
Pituitary hEs 13.0 8.7 78.3 0.3 9.8 89.9 p<.001

*8 females with GS GS %213 8 M ** 15 males with GS GS % f§ 5 F % 154

infiltrations were more intense in patients with
than in patients without granulocytic sarcoma.
The reason for the intense infiltration of leukemic
cells in 13% of the pituitaries from patients with
granulocytic sarcoma and in only 0.3% of patients
without granulocytic sarcoma is not known.

Table 7 shows the duration of disease of myelogenous
leukemia with and without associated granulocytic
sarcoma. For all ages at onset, the average duration
of disease for myelogenous leukemia with granulo-
cytic sarcoma and without sarcoma is 10 and
14.8 months, respectively. This difference reflects
the larger proportion of chronic leukemia patients
in the group without sarcoma than in the group
with sarcoma. When adjusted for acute and chronic
type and for age at onset, there remains a slight
but not statistically significant difference in
duration of disease for myelogenous leukemia
patients with and without sarcoma.

In acute myelogenous leukemia age under 15, the
mean duration of disease is 8.3 months for those
with granulocytic sarcoma as against 9.1 months
for those without granulocytic sarcoma, and for
age above 15 the duration of disease is (.1 against

NS: Not significant #H#2%7% L

EEINLHBHEIFLVEVIEAEMNIZIEE S HRE
B o, BRCERIERINE 2 5 15 FEMRO 13% 1258
E MmN B 5 h, JREREAEO 2T
HE2OLTH 03 % LABROENELLH, ZOMEH
WEFBETHS.
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TABLE 7 AVERAGE DURATION OF DISEASE OF MYELOGENOUS LEUKEMIA PATIENTS WITH &
WITHOUT GRANULOCYTIC SARCOMA (GS), BY CHRONICITY & AGE AT ONSET

=7

B M I 0 0 S B TR S AR & & UM BRI BRI PRE 0 B AR IERE b5 & U ARG R O A

Survival with GS

Survival without GS

Chronicity ~ Age at Onset  GSo& 21217 2E7FAM  GS 0 & WHIZ &1 5 L7
% C
LS R Number ~ Mean(Months) Number Mean (Months)
7 ¥ E#(R) 5l ¥ EH(A)
Acute <15 9 8.3 47 9.1
ot 15+ 10 6.1 169 6.6
g Total #t 19 7.2 216 il
Chronic <15 0 10 50.4
1 1% 15+ 4 23.8 86 30.4
Total & 4 23.8 96 32.5
Total #t 23 10.0 312~ 14.8

*3 cases without G.S. whose age at onset is unknown were excluded

BRI ERPEPIRE & b v 3L RMEER A THO A BRIML .

6.6 months for the two groups respectively. In the

case of chronic myelogenous leukemia with and
without tumor formation, for age above 15, the
duration of disease is 23.8 and 30.4 months
respectively.

The time of appearance of the signs and symptoms
of the tumor stage of granulocytic sarcoma varies

from 1 month to 18 months before death.  The
mean interval berween appearance of tumor and
death was 4.4 months for acute myelogenous

leukemia with granulocytic sarcoma and 3.8 months
for chronic myelogenous leukemia with granulocytic
sarcoma. [In two patients the appearance of tumors

preceded overt leukemia by 6 and 1 months re-

spectively.

There
between

was no significant evidence of a relacion
radiation ATB and the development of
granulocytic sarcoma. The question was examined

in several ways in an effort to compensate for
the small numbers involved and the importance of age
50

patients in the LSS sample who had myelogenous
Only one of these patients

at onset of disease (Table 8). There were
leukemia at autopsy.
had granulocytic sarcoma and he was exposed to
more than 100 rad ATB. There were 261 patients
in the HE39 sample born before the bomb including
the 50 LSS patients described above and 13 had
granulocytic sarcoma. Using all the cases does
not alter the conclusion that there is no demonstrated
relation between the development of granulocytic
When examined
exposure ATB
relation

sarcoma and radiation exposure.
by age at death
(Table 9) the
between the development of granulocytic sarcoma
and young all
cases in persons under 15 were in individuals born
August 1945 and could not be
compared with those exposed to the bombs.

and radiation

previously demonstrated
nine

age disappeared because

after therefore
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TABLE 8 MYELOGENOUS LEUKEMIA WITH & WITHOUT GRANULOCYTIC SARCOMA
AT AUTOPSY BY T65 DOSE

# 8 ERPE R MO SRG Iz B0 5 RURIERVEPINE 0 4 8 - R BRI B R S A

Dose (rad) Granulocytic Sarcoma #KIER 7 PIREE Total
L3 Without % With # i
LSS Sample Only
BEHHAEEBO&
100+ 19 1 20
1-99 14 - 14
<1 10 “o 10
Nonexposed 3 # {7 3 - 3
Unknown ERL] 3 - 3
Total it 49 1 50

LSS Sample Plus HE39 Sample Born Before August 1945
B S & U1945F 8 ALIFIICAE F h/s HE 39 1M

100+ 38 1 39

1-99 31 1 32

<1 51 3 54
Nonexposed 3 # 1 {7 131 8 139
Unknown A+ 10 - 10
Total it 261 13 274

All Myelogenous Leukemia Autopsies
B it A MmO 285

100+ 38 1 39

1-99 31 1 32

<1 52 3 55
Nonexposed F # 1% 7 182 18 200
Unknown L 10 - 10
Total it 313 23 236

TABLE 9 MYELOGENOUS LEUKEMIA WITH & WITHOUT GRANULOCYTIC SARCOMA AT AUTOPSY IN PERSONS
BORN BEFORE AUGUST 1945 BY RADIATION DOSE ATB & AGE AT DEATH

%29  CHHMEA N OSRAR 19456 8 ALATICEF N2 H 21T 5 BRRMEAE D F -
BRI M R A 5 & OF SRR SR it O 1)

Age at Death ZECCRE F s

Dose (rad) Total #
P 0-14 15-59 60+
Without 2 With & Without 8  With  Without 2  With #f Without ¥  With #
100+ 3 . 30 1 5 - 38 1
1.99 . : 24 1 7 : 31 1
<1 3 - 38 3 9 50 3
Nonexposed JE # H 7 it f 112 8 12 i 131 8
Unknown ERL] . - - - 2 - 10
Total i 13 - 212 13 35 - 260* 13

*1 case age at death unknown 2@ 5 & 1 {R] 1338 C20% 5 fits <P
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DISCUSSION

In previous studies it was demonstrated that in
persons who were heavily irradiated ATB, myelog-
enous

leukemia occurred much more

frequently
This study has shown that there
increase in

irradiated

than expected.
was no
these heavily
by inference,

granulocytic sarcoma among
leukemic persons and,
that the occurrence of granulocytic
sarcoma is affected by
Presumably the majority of the 39 patients who
received 100 rad or more ATB and subsequently
developed myelogenous leukemia owe their illness
to that exposure. Only one of this group developed
This is not significantly
different from the experience of the 139 patients of
similar age who were not exposed but developed
myelogenous leukemia (Table 9).
sarcoma therefore is not a marker for the development
of radiation-induced leukemia.

not prior irradiation.

granulocytic sarcoma.

Granulocytic

Other aspects of the study of granulocytic sarcoma
The
granulocytic

as developed in the study are of interest.
previously  reported tendency
sarcoma to be associated with younger individuals
and with acute leukemia was supported by these
findings. The characteristic signs and symptoms
of granulocytic sarcoma are clearly related to the

for

destructive and space-occupying qualities of the
tumors.

Granulocytic sarcoma appears to be a subtype of
myelogenous which
are formed which resemble
The
the
and
and

leukemia in tumor nodules

metastatic lesions.
duration of disease after onset of symptoms,
leukemic cell infiltrates

in various tissues

organs, the weight of the liver, spleen, kidney,
brain at autopsy are not significantly different
in myelogenous leukemia patients with and without
However the possibility of

an endocrine factor should be considered because

granulocytic sarcoma.

of the observation of more dense leukemic infiltrates
in the pituitary and the high frequency of ovarian
tumors in patients with granulocytic sarcoma.

Although granulocytic sarcoma is considered a
variety of myelogenous leukemia, it is not evident
why the tumor nodules are formed. They do not

appear to be simply more dense areas of leukemic
infiltration are
found between the infiltration of leukemic cells and
the formation of tumor nodules. The actual destruc-
tion of tissue including bone and the resemblance to
tumor metastasis indicates a different pathogenetic
the infiltractes.

because transitions infrequently

origin than from usual leukemic

The fact that the same peroxidase is found in the
tumor cells, circulating leukemic cells and normal

12
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granulocytes indicates that these all originate

from the same cell line.
It is suggested that the tumors of granulocytic
sarcoma represent extramedullary foci of malignant
granulopoiesis. In a sense, they are malignant
comparable to
but
somewhat resembling the so-called multiple primary
The

tumors are usually composed of cells more immature

granulocytic germinal  centers,

metastatic nodules of other cancers also

foci of some hematopoietic malignancies.

than those in the peripheral blood and in nontumorous

infilerates, and are more frequently associated

leukemia in blast crisis.
possible that

chronic myelogenous

with acute leukemia or

In chis light, it is those

associated

cases
with leukemia
stage of blast crisis prior to
old

germinal center from a previous acute stage.

represent an early

clinical manifestation, or an agranulocytic

As reported by others,12,13 there were two indi-

viduals in this study whose presenting complaint

was the presence of tumors. The diagnosis in such

cases may be obscure until overt evidence of

the not

the cells may be very

leukemia develops becuase tumors may

have the typical green color,
poorly differentiated and
eosinophilic cytoplasmic granules and because the

may lack characreristic
symptoms due to the destructive and space-occupying
features of the tumor may appear before peripheral
blood changes are evident. Under such circumstances
the diagnosis of reticulum cell sarcoma or undiffer-

entiated malignant tumor may be made.
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