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Unsuspected Gastric Granulocytic Sarcoma in a Patient
with Myelodysplastic Syndrome
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Granulocytic sarcoma(GS) is an uncommon and localized extramedullary
tumor composed of immature granulocytic cells. Most GS reported in large
series were not associated with overt acute myelogenous leukemia. Gastric
perforation occurred during prednisolone therapy in a 72-year-old Japanese
male with a four-month history of a myelofibrosis-like state. Subtotal gastrec-
tomy was perfoomed for a suspected gastric ulcer perforation. Gastric
histologic, immunohistochemical and cytochemical examination revealed dif-
fuse infiltration by sheets of myeloblasts and promyelocytes with scant or
moderately abundant cytoplasm including a few eosinophilic myelocytes.
Bone marrow study done in one month after the operation disclosed
refractory anemia with excess of blasts(RAEB). Leukemic transformation
occurred two months later, and a subcutaneous tumor appeared on the
forehead. The forehead tumor predominantly consisted of myeloblasts with-
out evidence of maturation. Both the stomach and forehead tumors were
examined immunohistochemically with a panel of monoclonal antibodies(LCA,
L26, MT1, UCHL1, OPD4, LN-1, LN-2, LN-3 MB1, Leu-M1, PM) and
polyclonal antibodies(lysozyme, & 1-antitrypsin, & 1-antichymotrypsin, S-100
protein, lactoferrin), as well as naphthol~ASD-chloroacetate esterase staining
to investigate and characterize the reliable markes for GS, and the patient
was diagnosed as GS. We found that gastric GS may occur in a myelofibro-
sis-like state followed by RAEB of myelodysplastic syndrome and that
naphthol-ASD-chloroacetate esterase staining and immunohistochemical de-
tection of MT1, lysozyme, and & 1-antitrypsin were the most reliable markers
for confirming the diagnosis of GS.
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INTRODUCTION

Granulocytic  sarcoma(GS) typically develops in
three clinical settings; 1) as a forerunner of acute
myelogenous leukemia(AML) in nonleukemic patients,
2) as a sign of impending blast crisis in chronic
myelogenous leukemia(CML) or leukemic transforma-
tion in myelodysplastic syndrome(MDS), and 3) as a
tissue manifestation in patients with established
AML(Neiman et al., 1981). There have been many
case reports of GS in nonleukemic patients(Hurwitz et
al, 1970; Mason et al, 1973; Brugo et al, 1977;
Krause et al, 1979 ; McCarty et al.,, 1980 ; Neiman et
al, 1981 ; Meis et al,, 1986) but GS in a patient with
MDS or myelofibrosis is very rare(Evans et al., 1990 ;
Watanabe et al., 1990). GS can occur in any part of
the body(Liu et al, 1973; Neiman et al., 1981;
Petursson et al., 1981 ; Abeler et al., 1983 ; Castela et
al, 1984; Meis et al, 1986; Ripp et al, 1989;
Fellbaun et al, 1990;), but gastrointestinal GS is
uncommon(Liu et al., 1973; Brugo et al, 1977,
Neiman et al., 1981 ; Back et al., 1984 ; Meis et al.,
1986 ; Wong et al., 1989).

GS can be divided into three groups based on the
degree of granulocytic maturation : Group |(poorly
differentiated) consisting of myeloblasts  without
maturation, Group ll(moderately differentiated) consist-
ing of an equal number of myeloblasts and promyelo-
cytes, intermediate in maturation, and Group lli(well
differentiated) consisting of equal numbers of prom-
yelocytes and myelocytes(Meis et al., 1986).

Initial diagnosis and differentiation from malignant
lymphoma are often difficult in nonleukemic patients
with GS(Neiman et al, 1981; Meis et al., 1986;
Fellbaum et al., 1990). It is well known that naphthol-
ASD-chloroacetate esterase(NASD) and lysozyme are
good markers for confirming the diagnosis of GS(Nei-
man et al, 1981 ; Foucar et al, 1985; Meis et al,
1986).

This report describes the histopathologic, cytoche-
mical and immunohistologic features of a gastric GS
in a patient with a myelofibrosis-like state followed by
refractory anemia with excess of blasts(RAEB) of
myelodysplastic syndrome(MDS), together with GS
arising in the subcutaneous tissue of the forehead
after leukemic transformation from RAEB.

CASE REPORT

A 72-year-old Japanese male presented with a
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4-year history of sporadic dizziness, loss of appetite
and progressive emaciation. His medical history was
unremarkable except for having suffered from viral
hepatitis A and a mild degree of hypertension. He
had had recurrent dizziness since February, 1986 but
received neither specific examination nor treatment.
Laboratory examination at that time revealed white
blood cell count(WBC), 6,200/mm?; red blood cell
count(RBC), 306 X 10*/mm? ; hemoglobin(Hb), 9.59/
di; hematocrit(Hct), 27.3% ; platelet, 247 X 10%/
mm®; serum iron, 46pg/d; lactc dehyd-
rogenase(LDH), 682 1U/I; total protein(TP), 7.1 g/dl.

He was admitted for evaluation of the cause of his
anemia, dizziness and elevated LDH level on April 7,
1990. Physical examination revealed a mild to moder-
ate degree of splenomegaly, anemic conjunctiva, and
severe emaciation. He was a native of Hiroshima
Prefecture in Japan, who had lived there at the time
of the atomic bomb explosion on August 6, 1945.
Laboratory examination of peripheral blood(PB) at the
first admission revealed WBC, 8,000/mm?® with 2 %
metamyelocytes, 16 % band forms, 63 % segmented
neutrophils, 13 % lymphocytes, 1 % monocytes, and
5% eosinophils ; RBC, 275 X 10*/mm3; 79g/dl;
Hct, 255 % ; platelet, 21.7 X 10*/mm®. LDH was
815 IU/I(LDH1:20.7 %, LDH2:52.4 %, LDH3:18.1
%, LDH4:6.0%, LDH5:28%); CEA, 53ng/ml;
AFP, 50 ng/ml; ESR, 33/70; TP, 7.2 g/dI(AG ratio,
1.7). Bone marrow aspiration revealed a dry tap. An
iliac bone biopsy was performed twice, which showed
histological features consistent with myelofibrosis.

On June 18, 1990, laboratory examination of PB
revealed WBC 7,100/mm? with 2 % myeloblasts, 1%
promyelocytes, 2 % myelocytes, 18 % band forms, 45
% segmented neutrophils, 16 % lymphocytes, 1%
monocytes, 3 % eosinophils, 3 % basophils, and 1 %
eosinophilic metamyelocytes ; RBC, 225 X 10*/mm®;
Hb, 6.78g/dl; Hct, 213 % ; platelet, 153 X 10%/
mm?; LDH, 899 IU/I. A few megakaryocytes were
present in the PB. From that time on, less than 5 %
myeloblasts appeared consistently in the PB. The
patient received prednisolone therapy(20 mg/day).
He complained of epigastric pain, and endoscopic
biopsies from the gastric fundus were performed
twice. The endoscopic findings showed neither par-
ticular changes nor submucosal tumor mass in the
posterior wall of the fundus, and the histological
sections disclosed no pathological changes. He was
discharged on July 26, 1990.

He was hospitalized again due to acute abdominal
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pain on August 16, 1990. Laboratory data at the
second admission were WBC, 5,600/mm? with 2 %
myeloblasts, 1% myelocytes, 3 % metamyelocytes,
16 % band forms, 57 % segmented neutrophils, 15 %
lymphocytes, 2 % monocytes, and 4 % eosinophils ;
RBC, 267 X 10*/mm?3 with tear drop-shaped erythro-
cytes; Hb, 85g/d; Hct, 274 % ; platelet, 185 X
10*/mm®; LDH, 479 IU/I. A laparatomy revealed
acute peritonitis of the posterior wall of the gastric
fundus. A subtotal gastrectomy was performed under
the clinical impression of gastric ulcer perforation. The
stomach was diagnosed as moderately differentiated
GS with perforation. Bone marrow aspiration cytology
was unsuccessful, and the 3rd iliac bone biopsy was
performed, which revealed the findings consistent with
RAEB.

On November 21, 1990, laboratory examination
revealed WBC 71,800/mm? with 72 % myeloblasts, 1
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% myelocytes, 3 % metamyelocytes, 5 % band forms,
11 % segmented neutrophils, 8 % lymphocytes ; RBC,
230 X 10%/mm®; Hb, 82g/dl; Hct, 229%;
platelet, 9.8 X 10*/mm?; LDH, 910 1U/I. Myeloblasts
in the PB did not show a tendency toward maturation,
20~30% of them being myeloperoxidase-positive.
Auer rods were not seen. He was diagnosed as
having overt acute myelogenous leukemia and admit-
ted on November 26, 1990. A tumor appeared on his
forehead measuring 30 X 35cm and was di-
agnosed as a poorly differentiated GS by needle
biopsy. Serum lysozyme level was 63.6 ug/ml, and
the karyotypic analysis from PB failled. The clinical
summary and laboratory data are listed in Table 1.
The patient received chemotherapy(adriamycin), but
no remission was achieved. He died of acute respira-
tory failure due to pneumonia on April 13, 1991.
Autopsy was not performed.

Table 1. Summary of Clinical and Laboratory Data of Case of Gastric Granulocytic Sarcoma in RAEB of Myelodysplastic Syn-

drome.
Bl 1st admission 2nd admission 3rd admission
(90 Apr. 7.—Aug 1) (Aug. 16—Sep. 28) ('90 Nov. 26—'91 Apr. 13)
‘90 Apr. May June Aug. Sep. Nov. Dec. - '91dan.  Apr.
7 23 1 16 18 20 16 17 21 26 17 10 13

Biopsy

Bone a) b) c) Death

Gastroscopic d) e)

Forehead g)
Gastrectomy f G
LDH(IU/1) 815 708 807 827 479 672 910 -
PB
WBCX10%/mm?® 8 6.2 59 71 71 56 TGI8 10057 707 - 108
myeloblasts 0 0 2 4 2 2 72" 86 13 84 79
promyelocytes 0 0 1 2 0 1 0 0 3 0 0
myelocytes 0 0 2 5 1 2 1 0 5 0 7
metamyelocytes 2 3 0 13 3 7 3 1 14 4 0
band forms 16 16 18 14 16 21 5 5 24 6 4
Seg. neutrophils 63 61 45 42 57 54 11 6 27 5 9
lymphocytes i3 17 16 14 15 7 8 2 12 1 1
monocytes 1 2 1 1 2 1 0 0 0 0 0
eosinophils 5 q 3 4 4 3 0 0 1 0 0
basophils 0 0 3 1 0 0 0 0 0 0 0
E. metamyelocytes 0 0 1 0 0 0 0 0 1 0 0
megakaryocytes = 3 (+) = G = = = = = =
RBCX10*/mm23 275 250 277 225 206 267 303 230 220 194 245 227
Hb(g/dl) 79 69 82 67 61 85 97 82 79 70 86 71
Hct(%) 255 122.9 256 213 196 274 313 229 252 204 248 21
plateletX1024/mm? 2175222 185 1563 158 185 148 98 111 30 20 22

a,b : Myelofibrosis, ¢ : Refractory anemia with excess of blast cells, d,e : No pathological abnormalities are recognized,
f. Perforated gastric ulcer with peritonitis and granulocytic sarcoma, g. Granulocytic sarcoma,
h : Refractory anemia with excess of blast cells(RAEB) in transformation
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MATERIALS AND METHODS

Tissue specimens from biopsies of the bone, sto-
mach and forehead were fixed in 10 % buffered
formalin and embedded in paraffin. Sections were
stained with hematoxylin and eosin, Giemsa, periodic
acid-Schiff(PAS), Gomori’s silver impregnation, methyl-
green pyronin(MGP) and naphthol-ASD-chloroacetate
esterase stain(Leder et al, 1964). For immunohisto-
chemical staining, the peroxidase antiperoxidase(PAP)
method(Stemberger et al., 1970) using polyclonal
antibodies or the avidin-biotin complex(ABC) method
using monoclonal antibodies(Hsu et al, 1981) was
performed on deparaffinized sections.

Primary monoclonal antibodies used were leukocyte
common antigen(anti-CD45RB + CD45, 1 : 25, Dako-
patts/Denmark), MT1(anti-CD43, 1 : 20, Bio-Science/
Switzerland), UCHL1(anti-CD45R, 1:25, Dakopatts/
Denmark), L26(MX-Pan B, 1:100, Kyowa Medics/
Japan), LN-1(anti-CDW45, prediluted by the manu-
facturer, Techniclon/USA), LN-2(anti-CD74, predi-
luted by the manufacturer, Techniclon/USA),
LN-3(prediluted by the manufacturer, Techniclon/
USA), OPD4(1:100, Dakopatts/Denmark), MB1
(anti-CD45RO, 1:20,  Bio-Science/Switzerland),
Leu-M1(anti-CD15, 1:20, Becton-Dickinson/USA),
M1(anti-CD15, 1:100, Dakopatts/Denmark), and
PM(MX-GMoA, anti-CD15, 1:25, Kyowa Medics/
Japan).

Primary polyclonal antibodies used were against
lysozyme(1 : 500, Dakopatts/Denmark), o 1-antitry-
psin(1 : 400, Dakopatts/Denmark), & 1-antichymotry-
psin(1: 400, Dakopatts/Denmark), S-100 protein(1 :
1000, Dakopatts/Denmark), and lactoferrin(1 : 100,
Dakopatts/Denmark).

PATHOLOGIC FINDINGS

Bone marrow

The first iliac bone biopsy disclosed fibrosing
hypocellular marrow with increased reticulin fibers and
focal hypercellular marrow with proliferation of myeloid,
erythroid and megakaryocytic cell lines. In portions of
hypercellular marrow, atypical megakaryocytosis were
seen, but no evidence of particular morphological
changes on the erythroid and myeloid precursor cells.
Increased reticulin  fibers were more frequently
observed in areas of the hypocellular marrow(Fig. 1).
The second bone biopsy showed marked hypocellu-
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Fig. 1. The first iliac bone biopsy revealed focal hypercellu-
lar marrow with proliferation of myeloid, erythroid and mega-
karyocytic cell lines was observed. upper:(H&E), lower:(silver
impregnation).
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Fig. 2. The second iliac bone biopsy showed myelofibrosis
with marked reticulin fiber production(silver impregnation).



marrow with abnormal proliferation of immature cells(H&E).
Higher magnification of abnomal immature cells(inset).
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lar marrow with severe fibrosis(Fig. 2). The third bone
biopsy disclosed hypercellular marrow with clustering
of myeloblasts(2 %) and promyelocytes, dyserythro-
poiesis and dysmegakaryocytopoiesis with fibrosis(Fig.
3), which was diagnosed as RAEB.

Stomach

The subtotally resected stomach exhibited an ede-
matous gastric wall and smoothly elevated neoplastic
tissue measuring 2.2 X 2.5 cm in the posterior wall of
the fundus with a perforation measuring 0.5 X 0.4cm
in the central portion of the tumor(Fig. 4). Histologic
examination of the stomach revealed diffuse infiltration
by clusters and sheets of immature cells in the
submucosa, muscle coats and subserosal layers. The
gastric mucosa overlying the tumor mass was
apparently intact, but a few neoplastic cells positive
for lysozyme and NASD infitrated into the lamina
propria and muscularis mucosae in focal areas of the
ulcer margins. Heavy collections of the neoplastic
infitrates forming clusters were seen between bundles
of muscle fibers(Fig. 5). The tumor cells had ovoid,
iregular, or multiobated nuclei with one or two
basophilic nucleoli and scant to moderate amounts of

Fig. 4. Stomach. Gastric mucosa overlying the granulocytic sarcoma was relatively intact except for the perforated

margins(H&E).
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Fig. 5. Stomach. Heavy collections of granulocytic sarcoma
cells were seen in the muscle layers(H&E).

cytoplasm(Fig. 6). A large number of mitotic figures
were observed. PAS reaction revealed weakly positive
eosinophilic granulation of the cytoplasm. A few of the
neutrophilic and eosinophilic myelocytes were seen in
perivascular areas. About 85 % of the infiltrates exhi-
bited cytoplasmic positivity for NASD(Fig. 7). Immuno-
histochemically, the tumor cells were strongly positive
for lysozyme, LCA, o1-antitrypsin and MT1, and
weakly positive for UCHL1 and & 1-antichymotryp-
sin(Fig. 8). They were nonreactive with 26, LN-1,
LN-2, LN-3, OPD4, MB1, S-100 protein, M1,
Leu-M1, PM and lactoferrin. From this results of
immunohistochemical and cytochemical stain indicate
that the immature cells were myeloblasts and promy-
elocytes. A few scattered mature neutrophilic granulo-
cytes showed positivity with 126, Leu-M1, M1 and
lactoferrin. From these histological and immunohisto-
chemical findings, this tumor was diagnosed as mod-
erately differentiated GS.

Forehead tumor

The neoplastic tissue from the forehead consisted
of myeloblasts without maturation. The tumor cells had
round or oval nuclei with prominent and large nucleoli.
The cytoplasm was scanty and had no eosinophilic
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Fig. 6. Gastric granulocytic sarcoma cells showed moderate
differentiation(H&E).

granulation in the PAS reaction. Mitoses were infre-
quent. Eosinophilic myelocytes were not recognized.

Fig. 7. The infitrates of gastric granulocytic sarcoma
showed strong positivity for NASD.
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Fig. 8. The infitrates of gastric granulocytic sarcoma

showed strong positivity for lysozyme(Immunoperoxidase
staining).

About 50 % of the infiltrates were positive for NASD.
Immunohistochemical reaction of the tumor cells was
amost the same as that of the gastric infiltrates.

DISCUSSION

Granulocytic sarcoma is an uncommon myeloid
malignancy variant composed of immature cells of
granulocytic precursors(Neiman et al., 1981 ; Meis et
al,, 1986). This tumor may be associated with AML,
chronic myeloproliferative disorders including CML,
myelofibrosis with myeloid metaplasia, polycythemia
vera, and MDS(Neiman et al, 1981 ; Bennet et al,
1982 ; Wong et al,, 1989 ; Evans et al., 1990 ; Wata-
nabe et al, 1990;). The vast majority of GS in
nonleukemic patients develop acute leukemia(Long et
al, 1977 ; Krause et al, 1979 ; Neiman et al., 1981 ;
Watanabe et al,, 1990;), but some cases have been
reported to reveal no leukemic manifestation ( Beck et
al, 1984; Meis et al, 1986 ;). Diagnosis of poorly
differentiated GS in nonleukemic patients is extremely
difficult. According to the medical literature, 56 % to
75% of GS cases are initially misdiagnosed as
malignant lymphoma, Ewing’'s sarcoma, malignant his-
tiocytosis, synovial sarcoma or small cell anaplastic
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carcinoma(Neiman et al., 1981; Meis et al., 1986).
Some special stains, particularly the NASD stain,
provide a valuable tool for demonstrating the myeloid
nature of the tumor cells (Moloneg et al., 1960).
Before the development and use of the NASD stain in
histologic sections, the presence of eosinophilic
myelocytes stained with H & E or Giemsa was highly
suggestive of GS. The intensity, frequency and dis-
tribution of the NASD reactions may vary greatly
according to the maturity of the GS tumor cells(Castel-
la et al, 1984; Meis et al., 1986). The specimens
from the stomach and forehead of our case exhibited
strong positive reactions for NASD ranging from 50 %
to 80 %. Other special stains, including MGP, PAS
and Giemsa were not helpful in confiming the di-
agnosis of granulocytic sarcoma. Immunohistochemic-
al markers were helpful in confiming the diagnosis of
GS. According to the reports of GS using immunohis-
tochemical evaluation, the infiltrates of GS react with
LCA, lysozyme, CD15, MT1, UCHL1, neutrophil gra-
nule protein elastase(NP57) and Ki-B3(Neiman et al.,
1981 ; Meis et al., 1986 ; Muller et al., 1986 ; Davey et
al, 1988; Fellbaum et al., 1990; Watanabe et al.,
1990). Among the immunological markers, lysozyme,
which is present in hisiocytes and granulocytes
(Greenberger et al., 1977), has been detected in a
large number of tumor cells in all of the reported
cases of GS(Neiman et al., 1981 ; Meis et al., 1986 ;
Fellbaum et al, 1990). The present case showed
strong positivity with LCA, lysozyme, MT1 and o
1-antitrypsin and weak positivity with UCHL1 and «
1-antichymotrypsin. It is interesting that & 1-antitrypsin
and «1-antichymotrypsin were positive in the infil-
trates of both the stomach and forehead GS. In some
cases, S-100 protein(Eliott et al., 1989) and
CD15(Davey et al., 1988) have been positive in GS,
but the presented specimens were negative. These
cytochemical and immunohistological results indicated
that the presented GS was a tumor of myeloid nature
with granulocytic differentiation.

It has been reported that the degree of differentia-
tion or maturation of tumor infiltrates of GS does not
correlate with the development of AML or survival,
and that mitotic rates do not correlate with clinical
course and are highly variable both within and among
cases(Meis et al., 1986). Moderate differentiation and
high mitotic rates in the stomach and poor differentia-
tion and low mitotic rates in the forehead featured
these aspects in the present case.

Most nonleukemic patients with GS develop leuke-
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mia, with a mean duration of 6 to 10.5 months, and
die with a mean survival time of 8 months after
diagnosis of GS(Neiman et al., 1981; Meis et al,
1986). According to the report of GS arising in the
gastrointestinal tract(Brugo et al, 1977 ; Meis et al,
1986 ; Wong et al, 1989; Evans et al,, 1990;) and
uterine cervix(Meis et al, 1986), mucosal epithelial
cells overlying the tumor are relatively well preserved.
In the present case, gastroscopic biopsies were
performed twice but neither diagnostic neoplastic
infiltrates nor destruction of mucosal architecture was
recognized. The gastric mucosa overlying the tumor
tissue were relatively intact, but destroyed abruptly at
the ulcer margins. This pattem of organ involvement
of GS is distinctively different from that of malignant
lymphoma. Malignant lymphoma is often associated
with tissue destruction and coagulation necrosis within
the tumor, whereas GS infilrates tracts and tissue
planes, preserving the tissue architecture without ex-
tensive destruction or tumor necrosis(Meis et al,
1986).

Idiopathic myelofibrosis is a chronic myeloprolifera-
tive condition characterized by massive splenomega-
ly, circulating erythroblasts and immature granulo-
cytes, dimorphic erythrocytes with numerous tear-
drops cells, increased LAP scors, marrow fibrosis
and often normal karyotype. In the present case, the
first and the second bone marrow biopsy showed
fibrosing hypocellular marrow with increased reticulin
fibers which revealed histological features consistent
with myelofibrosis, but laboratory findings of circulating
bloods and physical examinations did not fit the
myelofibrosis sufficiently.

Myelodysplastic syndromes are defined as a group
of stem cell disorders characterized by maturation
defects resulting in ineffective hematopoiesis and in-
creased risk of transformation to AML. RAEB is a
subset of MDS charactersized by less 5 % of circulat-
ing myeloblasts and 5% to 20 % of myeloblasts in
bone marrow(Bennet et al., 1982). The diagnosis of
RAEB can be made only on a bone marrow aspirate
by counting blasts, but the first and the second bone
marrow aspirations were dry tap in spite of appear-
ance of less 5% of circulating myeloblasts in the
present case.

According to the literature, 19 % to 64 % of RAEB
patients have developed AML(Najean et al, 1977;
Najean et al., 1979 ; Foucar et al., 1985; Oguma et
al., 1986) and the median survival time of RAEB
ranges from 7 to 13 months(Najean et al., 1977;
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Najean et al., 1979 ; Foucar et al., 1985 ; Kerkhofs et
al., 1987). Our patient developed gastric GS after
about 4 months of a myelofibrosis-like state prior to
RAEB, forehead GS 6 days after the discovery of
leukemic transformation in RAEB, and died about 4
months after the development of overt leukemia. The
development of GS in patients with MDS devoid of
leukemic transformation is very rare, and only a few
cases have been reported(Evans et al., 1990 ; Wata-
nabe et al., 1990).

MDS is basically a proliferative disorder and the
majority of patients have hypercellular marrows, but a
hypocellular marrow with increased reticulin fibers
may be observed in MDS(Pagliuca et al., 1989), but
is not a prominent finding. In the present case,
hypocellular marrow with increased reticulin fibers,
resembling a myelofibrosis-like lesion, was observed
in the first and second iliac bone biopsy before the
development of RAEB. Sultan et al reported that
subset of MDS showing hypocellular marrow with
increased reticulin fibers was often observed in pa-
tients with secondary MDS, and revealed poor prog-
nosis(Sultan et al., 1981). The possibility of a secon-
dary form of MDS due to previous expositon to
radiation in this case was considered, but accurate
information was not discemible.

In summary, the present case is a very rare case
of gastric GS which appeared after four months
duration of a myelofibrosis-like state prior to RAEB. It
must be kept in mind that GS can also occur without
leukemic transformation in MDS.

REFERENCES

Abeler V, Kjorstad KE, Langholm R, Marton PF. Granulocytic
sarcoma(chloroma) of the uterine cervix : report of two
cases. Int J Gynecol Pathol 1983:2:88-92.

Beck TM, Day JC, Smith Ck Eddy HE. Granulocytic
sarcoma treated as an acute leukemia : Report of a
case. Cancer 1984 :53: 1764-76.

Bennet JM, Catovsky D, Daniel MT, Flandrin G, Galton DAG,
Gralnick HR, Sultan C. Proposals for the classification of
the myelodysplastic syndromes. Br J Haematol 1982 :
51:188-99.

Brugo EA, Marshall RB, Riberi AM, Pautasso OE. Preleu-
kemic granulocytic sarcomas of the gastrointestinal tract
:Report of two cases. Am J Clin Pathol 1977 :68:
616-21.

Castella A, Davey FR, Elbadawi A, Gordon GB. Granulocytic
sarcoma of the hard palate : Report of the first case.
Hum Pathol 1984 : 15: 1190-2.

Davey FR, Olson S, Kurec AS, Eastman-Abaya K, Gottlieb



76

AJ, Mason DY. The immunophenotyping of extramedul-
lary myeloid cell tumors in paraffin-embeddedtissue
sections. Am J Surg Pathol 1988 : 12 : 699-707.

Elliott CJ, McCarthy KP, Carter RL, Davies P. Granulocytic
sarcoma : Misleadingimmunohistochemical staining with
MT1 and S-100 protein antibodies. J Clin Pathol 1989 :
42:188-90.

Evans C, Rosenfeld CS, Winkelstein A, Shadduck RK, Pataki
Kl, Oldham FB. Perforation of an unsuspected cecal
granulocytic sarcoma during therapy with granulocy-
te-macrophage colony stimulating factor. N Engl J Med
1990 : 322 : 337-8.

Fellbaum C, Hansmann ML. Immunohistochemical differential
diagnosis of granulocytic sarcomas and malignant lym-
phomas on formalin-fixed material. Virchows Arch 1990
:416: 351-5.

Foucar K, Langdon Il RM, Amitage JO, Olson DB, Carroll
TJ Jr. Myelodysplastic syndromes : A clinical and patho-
logic analysis of 109 cases. Cancer 1985 : 56 : 553-61.

Greenberger JS, Campos-Neto A, Parkman R, Moloney WS,
Karpas A, Schlossman SF, Rosenthal S. Immunologic
detection of intracellular and cell surface lysozyme with
human and experimental leukemic leukocytes. Clin Im-
munol Immunopathol 1977 : 8 : 318-34.

Hsu SM, Raine L, Fanger H. The use of avidin-biotin-perox-
idase complex(ABC) in the immunoperoxidase techni-
que: A comparison between ABC and the unlabeled
antibody(PAP) procedures. J Histochem Cytochem
1981:29:577-80.

Huwitz BS, Sutherland JC, Walker MD. Central nervous
system chioroma preceding acute leukemia by one
year. Neurology 1970:20:771-5.

Kerkhofs H, Hermans J, haak HL, Leeksma HW. Utility of the
FAB classification for myelodysplastic syndromes : in-
vetigation of prognostic factors in 237 cases. Br J
Haematol 1987 : 65 : 73-81.

Krause JR. Granulocytic sarcoma preceding acute leukemia
A report of sixcases. Cancer 1979:114:1017-21.

Liu PI, Ishimaru T, McGregor DH, Okada H, Steer A.
Autopsy study granulocytic sarcoma(chloroma) in pa-
tients with myelogenous leukemia, Hiroshima-Nagasaki
1946-1969. Cancer 1973: 31 : 948-55.

Long JC, Mihm MC. Muittiple granulocytic tumors of the skin :
Report of six cases of myelogenous leukemia with initial
manifestations in the skin. Cancer 1977 : 39 : 2004-16.

Mason TE, Demaree RJ Jr, Margolis Cl. Granulocytic sarco-
ma(chloroma), two years preceding myelogenous leuke-
mia. Cancer 1973 :31:423-32.

McCarty KS, Wortman J, Daly J, Rundles RW, Hanker JS.
Chloroma(granulocytic sarcoma) without evidence of
leukeria : Facilitated light microscopic diagnosis. Blood
1980 : 56 : 104-8.

Meis JM, Butler JJ, Osbome BM, Manning JT. Granulocytic
sarcoma in nonleukemmic patients. Cancer 1986 : 58 :

H. -J. Jeon, T. Akagi

2697-709.

Moloney WC, McPherson K, Fleigelman L. Esterase activity
in leukocytesde monstrated by the use of naphthol ASD
chioroacetate substrate. J Histochem Cytochem 1960 :
8:200-7.

Muller S, Sangster G, Crocker J, Nar P, Bumett D, Brown G,
Leyland MJ. Am immunohistochemical and clinico-
pathological study of granulocytic sarcoma(“chloroma’”).
Hematol Oncol 19864 :101-12.

Najean Y, Pecking A. Refractory anaemia with excess of
myeloblasts in the bone marrow:a clinical tral of
androgens in 90 patients. Br J Haematol 1977 :37:
25-33.

Najean Y, Pecking A, Secretaries P. Refractory anemia with
excess of blast cells : Prognostic factors and effect of
treatment with androgens or cytosine arabinoside. Can-
cer 1979.44 : 1976-82.

Neiman RS, Barcos M, Berard C, Mann R, Rydell RE,
Bennett JM. Granulocytic sarcoma : A clinicopathologic
study of 61 biopsied cases. Cancer 1981:48:
1426-37.

Oguma S, Yoshida Y, Uchino H, Maekawa T. Factors
influencing leukemic transformation in refractory anemias
with excess of blasts, with ringed sideroblasts, and
without ringed sideroblasts. Cancer Res 1986:46:
3698-700.

Pagliuca A, Layton DM, Manoharan A, Gordon S, Green PJ,
Mufti GJ. Myelofibrosis in primary myelodysplastic syn-
dromes : a clinico-morphological study of 10 cases. Br
J Hematol 1989: 71 : 499-504.

Petursson SR, Boggs DR. Spinal cord involvement in leuke-
mia:A review of the literature and a case of PH1+
acute myeloid leukemia presenting with a conus meaul-
laris syndrome. Cancer 1981 : 47 : 346-50.

Ripp DJ, Davis JW, Rengachary SS, Lotuaco LG, Watanabe
IS. Granulocytic sarcoma presenting as an epidural
mass with cord compression. Neurosurgery 1989 ; 24 :
125-8.

Stemberger LA, Hardy PH, Cudulis JJ, Meyer HG. The
unlabeled antibody enzyme method of immunohisto-
chemistry. Preparation and properties of soluble anti-
gen-antibody  complex(horseradish  peroxidase-ant-
horseradish peroxidase) and its use in identification of
spirochetes. J Histochem Cytochem 1970 : 18 : 315-33.

Sultan C, Slgaux F, Imbert M, Reyes F. Acute myelodyspla-
sia with myelofibrosis : a report of eight cases. Br J
Haematol 1981:49:11-6.

Watanabe M, Sashikata T, Kizaki T, Fujwara T, Ugai K,
Nakagawa T. A case of epidural granulocytic sarcoma
preceding acute leukemia. Acta Pathol Jon 1990 : 40:
922-6.

Wong KF, Yuen RWS, Lok ASF, Chan TK. Granulocytic
sarcoma presenting as bleeding gastric polyp. Patholo-
gy 1989:21:63-4.



