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Endometrial stromal sarcomas are low-grade malignant tumors that may pose a diagnostic challenge,
especially when they are present in an extrauterine site. Owing to the presence of an arborizing vasculature and
cells with an undifferentiated appearance, endometrial stromal sarcomas can be confused with several soft-
tissue neoplasms. We studied 17 endometrial stromal sarcomas, eight hemangiopericytomas, 14 solitary
fibrous tumors, and 16 synovial sarcomas immunohistochemically, detecting the following antigens: CD10,
estrogen receptor, progesterone receptor, bcl-2, CD34, smooth muscle antigen, epithelial membrane antigen
and cytokeratin (AE1/AE3). Most endometrial stromal sarcomas stained positively for CD10 (16/17), estrogen
receptor (17/17), progesterone receptor (15/17), and bcl-2 (17/17). Staining with antismooth muscle antigen was
seen in 11 of 17 cases of endometrial stromal sarcoma, with more intense staining seen in areas showing
smooth muscle differentiation. Staining with AE1/3 was seen in four of 17 endometrial stromal sarcomas, with
two of the positive cases containing epithelioid cells. None of the endometrial stromal sarcomas expressed
epithelial membrane antigen or CD34. More than half of the hemangiopericytomas (4/8) and solitary fibrous
tumors (9/14) cases demonstrated CD10 expression either focally or in a patchy cytoplasmic and membranous
pattern. Hemangiopericytomas, solitary fibrous tumors, and synovial sarcomas did not express estrogen
receptor. Four of eight hemangiopericytomas and seven of 14 solitary fibrous tumors also showed patchy
progesterone receptor expression. CD34 expression was identified in six of eight hemangiopericytomas and 13
of 14 solitary fibrous tumors, but we did not find expression of CD34 in synovial sarcoma. Differences between
endometrial stromal sarcoma and other soft-tissue tumors were detected for all of the immunohistochemical
markers (Po0.05), except anti-bcl-2 and AE1/3. Antibodies against CD10 mark a substantial number of
hemangiopericytomas and solitary fibrous tumors (albeit not diffusely) and should always be combined with
antiestrogen receptor and CD34 when the differential diagnosis includes endometrial stromal sarcoma. Unlike
estrogen receptor antibodies, progesterone receptor antibodies show at least focal nuclear staining in most
hemangiopericytomas, solitary fibrous tumors and rare synovial sarcomas, and are not useful for this
differential diagnosis. All endometrial stromal sarcomas expressed bcl-2, mostly in a diffuse pattern, but this
did not distinguish between endometrial stromal sarcoma and mimics. We therefore recommend the use of a
small antibody panel comprising anti-CD10, anti-estrogen receptor, and anti-CD34 to distinguish endometrial
stromal sarcomas from tumors with a predominant hemangiopericytomatous growth pattern.
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Endometrial stromal tumors have been traditionally
classified into endometrial stromal nodule and
endometrial stromal sarcoma.1 Endometrial stromal

sarcoma comprises o10% of the uterine mesench-
ymal neoplasms, and approximately one-half of
women affected are premenopausal.2 Endometrial
stromal sarcomas are indolent tumors with local
recurrences and distant metastasis occurring even
20 years after initial diagnosis.3 Several morphologic
variants of endometrial stromal sarcoma have been
described; they include those with fibromyxoid
features and those showing smooth muscle, fibro-
blastic, and epithelial differentiation, which
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sometimes resembles endometrial stromal sarcoma
with sex cord elements.4–7 One unifying feature
encountered in most cases is the presence of a
prominent arborizing and pericytomatous vascula-
ture. Because of this feature, endometrial stromal
sarcoma may be confused with hemangiopericytoma
and other soft-tissue tumors. It is now generally
accepted that most uterine hemangiopericytomas
reported in the literature probably represented
examples of endometrial stromal tumors.8–10 With
late recurrences and metastasis in unusual locations
and varied histology, the differential diagnosis of
metastatic endometrial stromal sarcoma is wide and
includes several soft-tissue neoplasms demonstrat-
ing arborizing vasculature. With the intent of
distinguishing endometrial stromal sarcoma from
soft-tissue neoplasms demonstrating ‘hemangioper-
icytomatous’ vascular patterns, we studied 55 cases
of endometrial stromal sarcoma, solitary fibrous
tumor, hemangiopericytoma, and synovial sarcoma
using a battery of commonly used immunohisto-
chemical stains—anti-CD10, anti-estrogen receptor
(ER), anti-progesterone receptor (PR), anti-bcl-2,
anti-CD34, anti-smooth muscle antigen (SMA),
anti-epithelial membrane antigen (EMA), and AE1/
AE3 cytokeratin.

Materials and methods

In all, 17 low-grade endometrial stromal sarcoma
cases (eight with classic histology and nine with
variant histology) were retrieved from the surgical
pathology files at Memorial Sloan-Kettering Cancer
Center. The nine variant endometrial stromal sarco-

ma tumors included five with smooth muscle
differentiation, and one each with fibroblastic
differentiation, fibromyxoid features, epithelioid
cellular elements, and with sex cord differentiation.
In total, 38 soft-tissue tumors, including eight
hemangiopericytomas, 14 solitary fibrous tumors,
and 16 synovial sarcomas, were also retrieved from
the surgical pathology files at our institution. The
clinical data for the patient population are provided
in Table 1. The hemangiopericytoma and solitary
fibrous tumor cases selected for study had ultra-
structure examination performed at presentation to
confirm the diagnosis. We used the presence of basal
lamina material in hemangiopericytomas to separate
them from solitary fibrous tumors. They were
otherwise very similar from a morphologic stand-
point. All synovial sarcoma cases had molecular
evidence of t(X;18) translocation by reverse tran-
scription-polymerase chain reaction. One represen-
tative formalin-fixed paraffin-embedded tissue
block was selected from each case and submitted
for immunohistochemical study. The immunohisto-
chemical stains were performed with the biotin–
streptavidin complex technique using the primary
antibodies detailed in Table 2. Appropriate positive
and negative controls were performed.

Statistical Analysis

w2-tests were performed to determine if there were
any immunohistochemical differences between endo-
metrial stromal sarcoma and soft-tissue tumors
included in this study. In order to determine which
combination of the eight markers best distinguished

Table 1 Clinical data

Mean age in
years (range)

Sex Tumor location (number of cases)

ESS 47 (21–72) All F Uterus (8), abdominal wall (3), lung (3), retroperitoneum (2), pelvis (1)
HPC 47 (30–72) 5M/3F Pelvis (2), extremity (2), abdominal wall (1), ischium soft tissue (1), lung/pleura (1), head and neck (1)
SFT 62 (40–82) 8M/6F Lung/pleura (7), thorax/mediastinum (2), retroperitoneum (2), extremity (2), head and neck (1)
SS 36 (16–67) 8M/8F Extremity (8), lung/pleura (2), axilla (2), retroperitoneum (1), mediastinum (1), head and neck (1)

ESS, endometrial stromal sarcoma; HPC, hemangiopericytoma; SFT, solitary fibrous tumor; SS, synovial sarcoma; M, male; F, female.

Table 2 Detail of antibodies used in the current study

Antigen/antibody Source Pretreatment Dilution

CD10 (M) Novocastra Laboratories, Newcastle, UK Citric acid, pH¼6; heat (30min, 981C) 1:100
ER (M), prediluted Immunotech, Marseille, France Same 1:100
PR (M) Biogenex, San Ramon, CA, USA Same 1:200
BCL2 (M) Dako Corporation, Carpinteria, CA, USA Same 1:50
CD34 (M) Immunotech, Marseille, France Same 1:4000
SMA (M) Dako Corporation, Carpinteria, CA, USA Same 1:1000
EMA (M) Dako Corporation, Carpinteria, CA, USA None 1:100
AE1/3 (M) Biogenex, San Ramon, CA, USA Protease, 10min 1:600

M, monoclonal; ER, estrogen receptor; PR, progesterone receptor; SMA, smooth muscle antigen; EMA, epithelial membrane antigen.
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endometrial stromal sarcomas from the soft-tissue
tumors, we used stepwise discriminant analysis.
Variables entered into a multivariate model had a
univariate P-value of 0.05. To determine the strength
of the multivariate model, a logistic regression
analysis was performed using the variables that
remained significant from the multivariate discri-
minant analysis. From this, we obtained a model R2

value. Statistical analysis were performed using
SAS Software (SAS Institute, Inc., Cary, NC, USA).

Results

The number of cases positive with a particular
antibody/total number of cases in each diagnostic
category with percentage positivity in parentheses is
shown in Table 3. Following is a description of the
staining patterns of the various markers in each
diagnostic category.

Endometrial Stromal Sarcoma

CD10
A total of 16 (94%) of 17 endometrial stromal
sarcomas were positive with the CD10 antibody. Of
the eight cases showing classic (nonvariant) histol-
ogy, four demonstrated diffuse strong staining
(Figure 1a and b), two showed patchy cytoplasmic
and membranous staining, and two were only
focally positive. Of the five cases of endometrial
stromal sarcoma with smooth muscle differentia-
tion, three showed patchy cytoplasmic and mem-
branous staining pattern, one was diffusely positive,
and one was negative. One fibromyxoid variant and
one case showing epithelioid differentiation showed
diffuse positivity. One case of endometrial stromal
sarcoma with sex cord differentiation showed
patchy cytoplasmic and membranous staining and
one case of endometrial stromal sarcoma with
fibroblastic differentiation was only focally positive.

ER
All cases (17/17) of endometrial stromal sarcoma,
including the variants, showed nuclear ER expres-

sion (Figure 1c), although three cases with classic
histology showed only focal nuclear staining.

PR
Totally, 15 (88%) of 17 cases were positive for the PR
antibody (Figure 1d). Two of 15 positive cases with
classic histology showed focal and patchy nuclear
staining. Two negative cases included one endome-
trial stromal sarcoma with smooth muscle differ-
entiation and one with fibroblastic differentiation.

bcl-2
All cases (17/17) of endometrial stromal sarcoma
were positive with anti-bcl-2 showing predomi-
nantly a diffuse cytoplasmic and membranous
staining. Focal staining was observed in two
endometrial stromal sarcomas with smooth muscle
differentiation and one with fibroblastic differentia-
tion.

CD34
All cases (17/17) were negative for CD34.

SMA
Overall, 11 (65%) of 17 cases were positive with the
SMA antibody. All endometrial stromal sarcomas
with smooth muscle differentiation (5/5) showed
diffuse positivity. Of the eight endometrial stromal
sarcomas with classic histology, five were negative
and three were positive, of which, two showed only
focal staining. One endometrial stromal sarcoma
with fibroblastic differentiation and one with
epithelioid features were also positive. Endometrial
stromal sarcoma with sex cord differentiation
showed focal positivity. One endometrial stromal
sarcoma with fibromyxoid features was negative for
SMA.

EMA
All cases (17/17) were negative with EMA anti-
bodies.

AE1/3
Endometrial stromal sarcomas showing epithelioid
cellular elements and sex cord differentiation were
both positive with AE1/3, specifically in epithelioid

Table 3 Staining of all cases in each diagnostic category

CD10 (%) ER (%) PR (%) bcl-2 (%) CD34 (%) SMA (%) EMA (%) AE1/3 (%)

ESS 16/17a (94) 17/17 (100) 15/17 (88) 17/17 (100) 0/17 (0) 11/17 (65) 0/17 (0) 4/17 (24)
HPC 4/8a (50) 0/8 (0) 4/8 (50) 8/8 (100) 6/8 (75) 2/8 (25) 1/8 (13) 3/8 (38)
SFT 9/14a (64) 0/14 (0) 7/14 (50) 13/14 (93) 13/14 (93) 3/14 (21) 0/14 (0) 0/14 (0)
SS 1/16 (6) 0/16 (0) 1/16 (6) 16/16 (100) 0/16 (0) 2/16 (13) 12/16 (75) 13/16 (81)
P-valueb 0.004 o0.001 o0.001 0.51 o0.001 o0.001 0.005 0.19

ER, estrogen receptor; PR, progesterone receptor; SMA, smooth muscle antigen; EMA, epithelial membrane antigen; ESS, endometrial stromal
sarcoma; HPC, hemangiopericytoma; SFT, solitary fibrous tumor; SS, synovial sarcoma.
a
Patchy cytoplasmic and membranous staining pattern was observed in HPC, SFT, and ESS, but diffuse staining was seen only in ESS.

b
The univariate P-values were obtained from w2-test, which was used to determine if there was difference in positivity for immunohistochemical
markers between ESS and soft-tissue tumors.
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areas. Two additional cases with classic (nonvariant)
histology also showed some positivity. The remain-
der (13/17) of the endometrial stromal sarcomas
were negative.

The immunophenotypes of uterine (n¼ 8) and
extrauterine endometrial stromal sarcoma (n¼ 9)
were compared. These were roughly similar; no
statistically significant differences were observed.

Hemangiopericytoma

Fifty percent of the cases (4/8) stained with anti-
CD10. Two of the positive cases showed a patchy
cytoplasmic and membranous pattern (Figures 2a
and b) and the 2 others demonstrated focal positivity
with CD10. None showed diffuse strong staining.
None of the cases (0/8) showed ER expression;
however, 4 (50%) of 8 cases showed patchy nuclear
staining with anti-PR. All cases (8/8) were diffusely
positive for anti-bcl-2. Six (75%) of 8 cases were
positive for anti-CD34, with 1 case showing only
focal positivity. Focal positivity was observed in 3

cases with AE1/3, 2 cases with anti-SMA, and only 1
case with anti-EMA.

Solitary Fibrous Tumor

In all, 64% of the cases (9/14) showed staining with
the CD10 antibody. Six of the positive cases showed
a patchy cytoplasmic and membranous pattern
(Figure 2c and d), while three cases demonstrated
focal positivity. None showed diffuse strong stain-
ing. None of the cases (0/14) were positive with anti-
ER; however, seven (50%) of 14 cases showed
patchy nuclear staining with PR antibodies. Totally,
13 (93%) of 14 cases were diffusely positive with
anti-bcl-2 and CD34. None of the cases (0/14)
stained with anti-EMA or AE1/3. Only three (21%)
of 14 cases showed focal positivity with SMA
antibodies.

Synovial Sarcoma

Only one case showed focal positivity with anti-
CD10. All cases were negative with ER antibodies.

Figure 1 An endometrial stromal sarcoma (a) demonstrating diffuse positivity for CD10 (b), estrogen receptor (c), and progesterone
receptor (d).
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Only one case showed patchy and focal nuclear
positivity with anti-PR. All cases (16/16) were
positive for anti-bcl-2, predominantly in a diffuse
pattern. A large majority of the cases were positive
with anti-EMA (12/16; 75%) and AE1/3 (13/16;
81%).Two cases demonstrated focal positivity with
SMA antibodies. None of the cases (0/16) stained
with CD34 antibody.

Nine synovial sarcomas were biphasic and seven
were monophasic. Significant differences in smooth
muscle actin, bcl-2, CD34, PR, ER, and CD10
expression were not noted, but differences were
detected for AE1/AE3 and EMA. Four of seven
monophasic synovial sarcomas expressed AE1/AE3
cytokeratin compared with nine of nine biphasic
tumors. Three of seven monophasic tumors ex-
pressed EMA compared with nine of nine biphasic
tumors.

Statistical Analysis

To expand the above data, we wanted to determine
whether ESS cases resembled the soft-tissue tumors

included in this study. w2-tests and discriminant
analysis were utilized for this purpose. The results
of the w2-tests are shown in Table 3.

With the exception of bcl-2 and AE1/3, univariate
discriminant analysis showed a difference in im-
munohistochemical positivity between endometrial
stromal sarcoma and other soft-tissue tumors (P-
valueo0.05). Those markers with a P-value o0.05
were then included in a stepwise multivariate
discriminant analysis.

Using stepwise discriminant analysis, we could
determine which combination of immunohisto-
chemical markers best discriminated endometrial
stromal sarcoma from soft-tissue tumors. When
including all markers with a univariate P-value
o0.05 in a multivariate analysis, ER was the only
marker that remained significant. ER had perfect
discrimination and accounted for the other five
markers’ effect in the model (partial R2: 1.00, P-value
o0.001, model R2: 0.71). We then excluded markers’
with univariate P-values 40.05 and ER and found
the combination of positive CD10, positive PR,
negative CD34 and negative EMA distinguished

Figure 2 Patchy cytoplasmic and membranous staining for CD10 in a case of hemangiopericytoma (a and b) and solitary fibrous tumor
(c and d).
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ESS from other soft-tissue tumors. Using ER anti-
bodies along with those against CD10 and CD34
would account for all the important entities in the
differential diagnosis. This panel is therefore pre-
ferable to immunostaining for ER alone.

Discussion

Endometrial stromal sarcomas are rare uterine
mesenchymal neoplasms. Diagnostic features in-
clude their resemblance to normal proliferative
phase endometrium, lack of significant cytologic
atypia, and presence of infiltrative borders with or
without vascular space invasion. It can be difficult
to establish an endometrial stromal sarcoma diag-
nosis since they often display protean appearances,
may arise as primary neoplasms outside the uterus,
and metastasize decades after hysterectomy. A
prominent pericytomatous vascular pattern can
cause confusion with solitary fibrous tumor, heman-
giopericytoma, and synovial sarcoma. Although
electron microscopy and molecular techniques can
be used in making a definitive diagnosis, these
techniques are expensive and are not always avail-
able. On the contrary, immunohistochemical analy-
sis is much less expensive and is readily available at
most institutions. We carried out this immunohis-
tochemical study with some commonly used anti-
bodies in order to distinguish endometrial stromal
sarcomas from several soft tissue neoplasms with
hemangiopericytomatous vascular pattern.

CD10 is a cell surface neutral endopeptidase,
characterized originally on immature lymphoid
cells.11–13 With the advent of immunohistochemis-
try, it was found to be expressed in renal tubular and
glomerular cells, breast and salivary gland myoe-
pithelial cells, and prostatic glandular and pulmon-
ary alveolar lining cells.14–18 Recently, CD10
expression has been shown in several nonhemato-
poietic neoplasms, including endometrial stromal
sarcomas.19 Furthermore, CD10 was identified as a
sensitive and diagnostically useful marker of normal
endometrial stroma and of endometrial stromal
neoplasms.20–23 In this study, antibodies against
CD10 stained a majority of endometrial stromal
sarcomas in a diffuse pattern, but in some cases the
staining pattern was focal or patchy cytoplasmic and
membranous. A similar patchy cytoplasmic and
membranous pattern of staining was also observed
in many solitary fibrous tumors and hemangioper-
icytomas. Thus, only strong diffuse staining, seen in
seven of 17 endometrial stromal sarcomas, was
specific for this diagnosis. Patchy cytoplasmic and
membranous staining as well as focal staining was
more prevalent in variant tumors than in classical
(nonvariant) endometrial stromal sarcomas.

Immunohistochemical staining with hormone
receptors was variable. ER staining showed ex-
pected results in most endometrial stromal sarco-
mas, with diffuse nuclear positivity, and a lack of

staining in solitary fibrous tumor, hemangiopericy-
toma, and synovial sarcoma. On the contrary, PR
staining revealed some surprising results. Endome-
trial stromal sarcomas showed a high rate of
positivity (ranging from focal patchy to diffuse),
but 50% of the hemangiopericytomas and solitary

Figure 3 Patchy nuclear staining with PR (inset) in hemangioper-
icytoma (a), solitary fibrous tumor (b), and synovial sarcoma (c).
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fibrous tumors also showed patchy PR expression
(Figure 3a and b). One synovial sarcoma case also
showed rare PR-positive cells (Figure 3c). There are
only rare studies that have reported PR expression
in solitary fibrous tumors.24,25 The significance of
this is not known, but it is important to recognize
this diagnostic pitfall.

bcl-2 expression has been previously reported in
proliferative phase and late secretory phase endo-
metrial stroma, ectopic endometrium, and adeno-
myosis but has never been reported in endometrial
stromal sarcoma, to our knowledge.26–29 All of the
endometrial stromal sarcomas in this study were
diffusely positive with anti-bcl-2, which may sug-
gest an etiologic role for this antiapoptotic gene in
tumor progression. However, since solitary fibrous
tumors, hemangiopericytomas, and synovial sarco-
mas also stained with bcl-2, we concluded that bcl-2
was not useful in this differential diagnosis.

The CD34 antibody stained only the solitary
fibrous tumors and hemangiopericytomas and there-
fore can be used to distinguish these from endome-
trial stromal sarcoma, as none of the endometrial
stromal sarcomas stained with this antibody.

Among endometrial stromal sarcomas, SMA was
expressed predominantly in areas showing smooth
muscle differentiation; focal staining was observed
in classical (nonvariant) endometrial stromal areas
as well. Hemangiopericytomas and solitary fibrous
tumors, also expressed SMA, which has been
reported previously.30 Although not used in this
study, more specific smooth muscle markers, such
as desmin and especially h-caldesmon, can be used
to confirm smooth muscle differentiation.

None of the endometrial stromal sarcomas were
positive with EMA antibodies, which is in accor-
dance with a previous report.31 EMA expression was
mainly observed in glandular components of bipha-
sic synovial sarcomas, as expected.

AE1/3 staining was observed in endometrial
stromal sarcoma cases showing epithelial and sex
cord stromal differentiation. The case with sex cord
stromal differentiation also showed anti-SMA stain-
ing, consistent with an epithelial-myoid phenotype
of some sex cord elements in endometrial stromal
sarcoma.22,32,33 This case did not express EMA. Two
other cases of endometrial stromal sarcoma with
classic (nonvariant) histology showed some AE1/3
positivity, as previously reported,30 but the signifi-
cance of this finding is not known.

Therefore, it appears that evaluation for CD10
immunoreactivity alone is frequently not informa-
tive about differentiating endometrial stromal sarco-
mas from mimics with pericytomatous vascular
patterns. The statistical analysis suggests that
although ER best discriminates between entities
there is a panel of markers that also discriminates
well. A panel of immunohistochemical stains
comprising anti-CD10, anti-ER, and anti-CD34 may
be more helpful. PR evaluation may have therapeu-
tic relevance in endometrial stromal sarcoma, but

the results are not as useful in distinguishing
endometrial stromal sarcoma from solitary fibrous
tumor or hemangiopericytoma. We also confirm that
endometrial stromal sarcoma variants can lose CD10
immunoreactivity and may stain with epithelial and
myoid markers depending on differentiation.
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