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Abstract
High-grade histologic transformation of low-grade endometrial stromal sarcoma (LGESS) is rare. Here, we describe the
clinicopathologic features and gene fusion status of 12 cases (11 primary uterine corpus and 1 primary vaginal), 11
diagnosed prospectively from 2016, and 1 retrospectively collected. Targeted RNA sequencing and/or fluorescence in situ
hybridization was employed in all cases. High-grade transformation was seen at the time of initial diagnosis in eight patients
and at the time of recurrence in four patients, 4–11 years after initial diagnosis of LGESS. High-grade morphology consisted
of generally uniform population of round to epithelioid cells with enlarged nuclei one to two times larger than a lymphocyte,
visible nucleoli, and increased mitotic index (range, 6–30; median, 16 per 10 high-power fields); there was often an
associated sclerotic and/or myxoid stroma. Estrogen receptor, progesterone receptor, and CD10 expression was absent or
significantly decreased (compared with the low-grade component) in the high-grade foci of five tumors. One tumor
demonstrated positive (diffuse and strong) cyclin D1 and BCOR staining. p53 staining was wild type in both components of
all eight tumors tested. JAZF1-SUZ12 (n= 6), JAZF1-PHF1 (n= 3), EPC1-PHF1, (n= 1), or BRD8-PHF1 (n= 1) fusions
were detected in 11 tumors; no fusions were found in one by targeted RNA sequencing. Patients presented with FIGO stages
I (n= 4), II (n= 4), III (n= 1), and IV disease (n= 2). Median overall survival calculated from the time of histologic
transformation was 22 months (range, 8 months to 8 years) with five patients who died of disease 8–18 months after
transformation. High-grade transformation may occur in LGESS with JAZF1 and PHF1 rearrangements at the time of or
years after initial diagnosis. Such high-grade transformation is characterized by nuclear enlargement, prominent nucleoli,
and increased mitotic index compared with typical LGESS. Histologic high-grade transformation may herald aggressive
behavior.

Introduction

The classification of high-grade endometrial stromal sar-
comas (HGESS) has significantly evolved in recent years
due to the improved recognition of their distinctive

morphologic, immunohistochemical, and molecular genetic
aberrations. Endometrial stromal sarcoma was initially
divided into low-grade and high-grade forms based on
mitotic activity [1]. But the use of the term HGESS was
discouraged after mitotic index was not shown to predict
recurrence in stage I tumors [2]. Recent studies identified
endometrial stromal sarcomas harboring YWHAE-NUTM2
gene fusion [3–6], ZC3H7B-BCOR gene fusion [7, 8], and
BCOR internal tandem duplication [9–11]. Collectively,
these sarcoma types are considered histologically high-
grade due to increased cytologic atypia and mitotic activity
unacceptable for low-grade endometrial stromal sarcoma
(LGESS). HGESS likely also encompasses lesions that
demonstrate similar morphology and harbor other genetic
events that have yet to be characterized [6]. A trend toward
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more aggressive clinical behavior and increased frequency
of lymph node metastasis compared with LGESS has been
reported in HGESS [4, 6, 7, 11]. This has resulted in
HGESS being reborn, but as entities with distinctive and
unique molecular alterations.

There is considerable morphologic and immunohisto-
chemical overlap among HGESS with YWHAE fusion and
BCOR genetic abnormalities. YWHAE-NUTM2 fusion-
positive tumors consist of high-grade round cells arranged
in sheets and/or nests that are often associated with a low-
grade spindle cell component resembling fibromyxoid
LGESS [3, 4, 6]. ZC3H7B-BCOR fusion-positive tumors
consist of high-grade spindle cells, often associated with a
myxoid matrix [7, 8]. Lesions harboring BCOR internal
tandem duplication demonstrate features of both YWHAE-
NUTM2 and ZC3H7B-BCOR fusion-positive tumors and
exhibit both spindle and round cell features [9–11]. The
high-grade round cell component of HGESS harboring
YWHAE-NUTM2 fusion is characterized by diffuse and
strong cyclin D1 and BCOR staining and absent CD10,
estrogen receptor (ER), and progesterone receptor (PR)
expression [6, 9, 12]. CD10 and cyclin D1 staining with
variable ER, PR, and BCOR expression is seen in ZC3H7B-
BCOR fusion-positive tumors [7, 9]. Endometrial stromal
sarcomas with BCOR internal tandem duplication demon-
strate strong and diffuse cyclin D1 and BCOR staining with
variable CD10 expression [9–11].

Rare examples of endometrial stromal sarcoma with
both low-grade and high-grade features or tumors initially
diagnosed as LGESS followed later by metastatic HGESS
have been reported [6, 13–16]. These lesions have been
referred to as mixed low- and high-grade endometrial
stromal sarcoma [15], transition of low- to high-grade [14]
and de-differentiated endometrial stromal sarcoma [17].
However, all published studies of these rare lesions lack
genotypic data. In this study, we aim to describe the
clinicopathologic and genetic features of a series of such
cases and discuss the classification of this subset of
endometrial stromal tumors.

Materials and methods

Case selection

From 2016 to 2018, 11 endometrial stromal sarcoma with
both low-grade and high-grade morphologic features and
lacking YWHAE and BCOR genetic abnormalities were
prospectively identified from the Pathology Service at
Memorial Sloan Kettering Cancer Center, New York, NY,
USA (n= 5); BC Cancer Agency, Vancouver, British
Columbia, Canada (n= 2); King Edward Memorial
Hospital, Perth, Western Australia, Australia (n= 1); and

the consultation files of three authors (EO, RHY, WGM)
at Massachusetts General Hospital, Boston, MA, USA
(n= 2), and Belfast Health and Social Care Trust, Belfast,
Northern Ireland, UK (n= 1). An additional case diag-
nosed in 2008 and originating from Kyushu University,
Higashi-ku, Fukuoka, Japan was retrospectively reviewed
and included in the study. Hematoxylin and eosin and
immunohistochemical stained slides were reviewed. The
site of histologic high-grade transformation was docu-
mented as primary (within the primary uterine or vaginal
neoplasm) or metastatic (outside the uterus or vagina).
Metastatic disease was further classified as synchronous,
defined as the diagnosis of metastasis at the same time or
within a 3-month interval of the primary tumor, or
metachronous, defined as being identified after an interval
of three months. Clinical data, including demographics,
presentation, treatment, and follow-up, were obtained.
Time to transformation was defined as the date of initial
LGESS diagnosis to date of high-grade transformation.
Overall survival from date of histologic diagnosis of
transformation was defined as the date of transformation
to date of death. Patients who did not die of disease were
right censored at last follow-up.

Immunohistochemistry

CD10, ER, PR, cyclin D1, BCOR, and p53 immunohis-
tochemical stains were performed either at the referring
hospitals when reporting the cases or during the prepara-
tion of this report [7, 9, 18]; not all of the markers were
performed in every case due to lack of available material.
BCOR and cyclin D1 staining were interpreted as positive
if ≥50% of tumor cells showed nuclear staining and
negative if nuclear staining was present in <50% of cells,
as previously described [12, 19]. ER and PR staining were
interpreted as positive if ≥1% of tumor cells showed
nuclear staining and negative if nuclear staining in <1% of
cells was observed, as previously described [20]. Intensity
and percentage of cells with ER and PR staining were also
recorded. p53 staining was interpreted as mutation type if
(1) ≥80% of tumor cells showed strong nuclear staining;
(2) there was complete absence of nuclear staining in
tumor cells with a positive internal control in the form of
staining of a proportion of stromal and lymphoid cells; or
(3) tumor cells showed definite cytoplasmic expression
with variable nuclear staining [21, 22]. p53 staining was
interpreted as wild type if expression patterns did not
fulfill the aforementioned criteria [21, 22]. These thresh-
olds for assigning abnormal p53 expression patterns were
derived from published studies using p53 immunohis-
tochemistry in high-grade serous carcinoma for which
correlation between p53 expression and TP53 mutation
status has been well documented.
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Next-generation targeted RNA sequencing

Histologic examination of hematoxylin and eosin-stained
slides derived from formalin-fixed paraffin-embedded tissue
(FFPE) was conducted by a pathologist and assessed for
the presence of tumor. Ten cases were subjected to the
MSK Solid Fusion (n= 3) and Archer Sarcoma FusionPlex
(n= 1) Assays that utilize the Archer Anchored Multiplex
PCR (AMP) technology as well as the TruSight RNA
Fusion Panel (n= 6) (Illumina, San Diego, CA) to detect
gene fusions and novel isoforms in solid tumors as pre-
viously described [19, 23]. RNA was extracted from mac-
rodissected formalin-fixed, paraffin-embedded tumor tissue
followed by cDNA synthesis and library preparation. Final
targeted amplicons were sequenced on an Illumina MiSeq.
Data were analyzed using Archer Software (version 4.0.10)
or the STAR and BOWTIE2 aligners and Manta and
JAFFA fusion callers, respectively [24–26].

Fluorescence in situ hybridization

In eight cases, fluorescence in situ hybridization (FISH) was
performed on 4 µm FFPE tissue sections mounted on
charged glass slides with regions of interest circled by one
of the authors (SC). Custom probes using bacterial artificial
chromosomes (BAC) covering and flanking BCOR (RP11-
21D3, RP11-1105N2, RP11-37K20, and RP11-973F20),
JAZF1 (RP11-597H8, RP11-78F4, RP11-466B23, and
RP11-945M23), SUZ12 (RP11-55J8, RP11-299H3, RP11-
398A1, and RP11-112D12) and YWHAE (RP11-105D11,
RP11-1142D6, RP11-170J13, and RP11-806J5) genes

were chosen according to the UCSC genome browser
(http://genome.ucsc.edu) [19, 27]. BAC clones were
retrieved from BACPAC sources of the Children’s Hospital
of Oakland Research Institute (Oakland, CA) (http://bacpac.
chori.org). DNA from individual BACs were isolated
according to the manufacturer’s recommendations, labeled
with different fluorochromes in a nick translation reaction,
denatured, and hybridized to pretreated slides. Slides were
incubated, washed, and mounted with DAPI in an antifade
solution. The genomic location of each BAC set was
confirmed by hybridizing them to normal metaphase
chromosomes. Using a Zeiss fluorescence microscope
(Zeiss Axioplan, Oberkochen, Germany), 200 successive
nuclei were examined, controlled by Isis 5 software
(Metasystems). A positive result was assigned when at least
20% of tumor nuclei displayed a break-apart signal corre-
sponding to the likelihood of a fusion event. Nuclei with
incomplete sets of signals were omitted from interpretation.

Results

High-grade transformation of LGESS may be
associated with worse outcomes

The median patient age at the time of morphologic evidence
of high-grade transformation was 54 (range, 45–74) years.
Primary tumor sites were the uterine corpus (n= 11) and
vagina (n= 1) (Table 1). Tumor stage was available in the
11 patients who presented with FIGO stages I (n= 4), II
(n= 4), III (n= 1), and IV disease (n= 2). High-grade

Table 1 Clinical features.
Case Age, years Primary site Stagea Treatment prior to

transformation
Time to
transformation

Overall survival
from transformation

1 53 Uterus IIB Surgery, hormonal
therapy,
chemotherapy

4 years DOD, 2 years

2 55 Uterus IIB Surgery 0 NED, 2 years

3 53 Uterus IVB Surgery 0 DOD, 8 months

4 61 Vagina I Surgery 0 AWD, 12 months

5 45 Uterus NA Surgery 0 AWD, 2 years

6 51 Uterus IIIA Surgery 0 AWD, 20 months

7 74 Uterus IB Surgery 0 DOD, 2 years

8 50 Uterus IIA Surgery 10 years AWD, 12 months

9 57 Uterus IB Surgery 11 years NED, 8 years

10 69 Uterus IVB Surgery 0 DOD, 14 months

11 49 Uterus IIA Surgery 7 years DOD, 18 months

12 71 Uterus IB Surgery 0 NED, 6 years

AWD alive with disease, DOD died of disease, NA not available, NED no evidence of disease.
aFIGO staging for uterine sarcomas was used for cases 1–3, 6–12; FIGO staging for vaginal cancer was used
for case 4.
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transformation was detected at the time of primary resection
in eight patients and at the time of recurrence in four
patients, 4–11 years after initial diagnosis. Only one patient
received hormonal therapy and chemotherapy prior to
detection of histologic high-grade transformation. The
median overall survival was 22 months (range, 8 months to
8 years). Five patients died of disease 8 months to 2 years
after transformation, four were alive with disease 12 months
to 2 years after transformation, and three had no evidence of
disease 2, 6, and 8 years after transformation.

Tumor cytologic atypia and mitotic activity and
stromal sclerosis are observed in primary,
synchronous metastatic, and metachronous
high-grade transformation

Foci of histologically distinctive high-grade tumor in the
background of an otherwise typical LGESS were seen in all
primary (n= 7) and synchronous metastatic (n= 2) tumors.
High-grade morphology without a low-grade component
was seen in metachronous metastatic (n= 3) tumors only
(Table 2). On low magnification, the high-grade component
formed nodules that were sharply demarcated and readily
distinguishable from areas of typical LGESS in ten tumors.
The high-grade foci occupied 10–90% of the overall tumor
and exhibited increased cytologic atypia and character-
istically sclerotic and occasionally myxoid stroma (Fig. 1).
When stromal sclerosis was present, it was often abundant
and easily recognizable on low magnification in eight
tumors. Myxoid matrix was evident in two. In contrast, the
transition between high-grade and low-grade morphology
was gradual in two tumors (Fig. 2). In all tumors, the high-
grade component was composed of rounded epithelioid
cells whose nuclei were one to two times larger than a
lymphocyte and had vesicular chromatin and small to pro-
minent nucleoli. The cytoplasm was scant to abundant and
eosinophilic or amphophilic (Fig. 3). Slight spindling of the
cells was frequently observed. Nuclear atypia of the high-
grade foci was uniform/monomorphic in 11 tumors and
variable/pleomorphic with scattered large multinucleated
cells in one case (case 3). The median mitotic index in the
high-grade foci was 16 (range, 6–30) per 10 high power
fields (HPF) with atypical forms seen in one tumor (case 3).
Delicate vasculature was present in the high-grade foci of
all tumors, appearing compressed and lacking perivascular
tumor cell whorls. Tumor necrosis was present in two cases.

Low-grade morphology was the predominant pattern in
all primary tumors except for four where the high-grade
component predominated (cases 7–9, 11). Conventional
LGESS morphology was observed in the primary tumor in
all cases, and in the synchronous metastatic tumor in two
cases, characterized by sheets of bland fusiform to spindle
cells with ovoid to slightly spindled nuclei, homogeneous

chromatin, and scant cytoplasm associated with delicate
vasculature and perivascular whorls reminiscent of pro-
liferative phase endometrial stroma (Fig. 3). Variant fea-
tures were also seen in five cases. Four tumors showed
fibroblastic change accompanied by smooth muscle dif-
ferentiation in three and myxoid matrix in two. One tumor
demonstrated sex cord-like differentiation. The mitotic
index was <1 per 10 HPF in the low-grade component of
all tumors.

Transformed tumors may show loss of CD10, ER,
and PR or diffuse cyclin D1 and BCOR staining with
wild type p53 expression

CD10 staining was absent in the high-grade component of
5 of 11 tumors tested. ER and/or PR staining was also
absent in the high-grade component of these five tumors
(Table 2). The high-grade component of one tumor (case
2) showed CD10 and ER expression (95% of tumor cells),
but markedly reduced PR expression (5%) (Fig. 4). The
extent and intensity of CD10, ER, and PR staining were
similar between high-grade and low-grade components in
the other tumors. BCOR and cyclin D1 were positive in
one tumor (case 6) and negative in the remaining eight
tumors tested (Fig. 4). p53 staining patterns were wild type
in the high-grade component of all eight tumors tested;
p53 staining was also wild type in the low-grade compo-
nent of five of the tumors.

Transformed tumors harbor LGESS associated gene
fusions

FISH detected JAZF1 rearrangements in seven (cases 2, 4, 5,
9–12) of eight tumors and confirmed SUZ12 (cases 2 and 4)
and PHF1 (case 5) fusion partners in three. JAZF1, PHF1,
YWHAE, and BCOR rearrangements were not detected in one
tumor (case 6) (Table 2).

Targeted RNA sequencing was employed in nine
tumors with sufficient material (cases 1, 3, 6–12), includ-
ing four with JAZF1 rearrangement (cases 9–12) and no
known fusion partner as well as one tumor lacking JAZF1,
PHF1, YWHAE, and BCOR rearrangement (case 6) by
FISH. Fusions were detected in eight tumors (Table 2),
including JAZF1-SUZ12 (n= 4), JAZF1-PHF1 (n= 2),
EPC1-PHF1 (n= 1), and BRD8-PHF1 (n= 1). No fusions
were detected by the MSK Solid Fusion Assay and
TruSight RNA Fusion Panel in case 3. None of the nine
tumors analyzed by sequencing showed YWHAE or BCOR
genetic alterations.

Absent or significantly decreased CD10, ER, and/or PR
expression was observed in tumors with JAZF1-SUZ12
(n= 2), JAZF1-PHF1 (n= 3), and BRD8-PHF1 (n= 1)
fusion (Table 2).
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Discussion

In this study, we show that high-grade morphologic
transformation may occur in LGESS that lack YWHAE
and BCOR genetic abnormalities. High-grade transfor-
mation may be seen in primary, metastatic, or recurrent

tumor and is characterized by histologically distinctive
nodular foci of round cells with nuclear enlargement,
prominent nucleoli, and brisk mitotic activity that
contrast with LGESS morphology. This is often asso-
ciated with variably prominent sclerotic or myxoid
stroma. Foci of high-grade transformation often comprise

Fig. 1 High-grade components
forming nodules.
a Desmoplastic stroma surround
b variably shaped nodules of
round cells. c Sclerotic stroma
surrounds a nodule of d round
cells associated with myxoid
matrix. e, f A circumscribed
nodule of high-grade round cells
(bottom and left) is separated
from the low-grade component
(top and right) by a dense
fibrous band.

Fig. 2 Gradual transition between low- and high-grade components
of endometrial stromal sarcoma. a A low-grade component composed
of cells with small hyperchromatic nuclei and scant eosinophilic cyto-
plasm (left) merges with a high-grade component composed of cells

with slightly larger nuclei, open chromatin, prominent nucleoli, and
increased amphophilic cytoplasm (right). b Dense proliferation of small
spindle cells typical of LGESS (left) to a high-grade component with
increased cytologic atypia (right).
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uniform round cells that demonstrate diminished or absent
CD10, ER, and PR expression and occasionally BCOR
and cyclin D1 expression. TP53 mutations are unlikely to
be involved in the development of high-grade transfor-
mation based on wild-type (normal) p53 expression.
Most of these lesions harbor rearrangements involving

JAZF1 or PHF1 genes, molecular events that are common
in LGESS.

All tumors demonstrated a low-grade component with
conventional and/or variant LGESS features, including sex
cord-like and smooth muscle differentiation as well as
fibroblastic or fibromyxoid change. The mitotic index in

Fig. 3 Paired foci of high- and low-grade components. High-grade
components are composed of enlarged epithelioid cells with round
nuclei, heterogeneous chromatin, and moderate amounts of amphophilic

or eosinophilic cytoplasm associated with brisk mitotic activity and
forming (a) trabeculae or (b), (c) sheets. Low-grade components show
variant d fibrous, e myxoid, and f conventional histology.

Fig. 4 Distinct PR and BCOR
expression profiles of high-
grade components. a The high-
grade component demonstrates
b loss of PR expression with
myometrium (right) serving as
an internal positive control.
c The high-grade component
shows d diffuse and strong
nuclear BCOR staining which is
often associated with HGESS.
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these foci was <1 per 10 HPF, similar to most LGESS. In
contrast, the high-grade foci in all tumors exhibited nuclear
atypia and brisk mitotic activity frequently with an index of
at least 10 per 10 HPF. In all tumors, these high-grade
regions were cytologically distinct from the low-grade
component and were recognizable on low magnification in
most cases. JAZF1 and PHF1 rearrangements which are
frequently present in LGESS with conventional and/or
variant histologic features, underpin 10 of 11 tumors. Cur-
rently, the designation HGESS is confined to tumors exhi-
biting YWHAE or BCOR genetic abnormalities, which may
be associated with a low-grade spindle cell component
resembling fibrous or fibromyxoid LGESS. None of the
studies reporting bona fide HGESS harboring YWHAE or
BCOR genetic abnormalities demonstrate conventional
LGESS histology. As a group, the tumors we report are
histogenetically distinct from the usual YWHAE or BCOR
associated HGESS and this represents a third category of
neoplasms where the term HGESS is appropriate.

While the clinical data are limited, there are two features
of transformed endometrial stromal sarcomas that are
clinically relevant. Our findings suggest a trend toward
aggressive behavior among tumors with high-grade trans-
formation compared with published outcomes of LGESS.
Approximately 40% (5 of 12) of our patients died of disease
8–18 months after transformation. Eight patients (67%) had
histologic evidence of transformation at the time of initial
diagnosis. However, 33% (4 of 12) of patients were found
to have histologic evidence of transformation at a time
period distant from the initial diagnosis, suggesting that
the disease may escape hormone blockade and progress
years later.

Based on our study and the very few prior reports pub-
lished in the literature, high-grade transformation of LGESS
is exceedingly rare. Among eight published cases for which
the morphologic and immunohistochemical features are
adequately detailed, three may represent YWHAE-NUTM2
HGESS based on our review of the reported histologic and
immunophenotypic features [13, 15, 28]. Two studies with
genotyping analysis identified JAZF1-SUZ12 fusions in
lesions classified as HGESS or undifferentiated uterine
sarcoma [16, 29], and one of these appears to represent a
bona fide LGESS with high-grade transformation based on
the provided figures [16]. Two tumors in another study
demonstrated LGESS morphology with an abrupt transition
to a high-grade component and did not harbor JAZF1,
PHF1, YWHAE, and CCND1 rearrangements by FISH [6].
EPC1-SUZ12, EPC1-BCOR, BRD8-PHF1, and JAZF1-
BCORL1 fusions were also recently reported in endo-
metrial stromal sarcomas with low- and high-grade com-
ponents [19, 23, 30, 31]. It is unclear whether tumors from
either study represent LGESS with high-grade transforma-
tion or bona fide HGESS that may demonstrate low-grade

foci similar to lesions harboring YWHAE-NUTM2 fusion
and BCOR internal tandem duplication.

This study has several limitations. As with most other
studies of rare cancers including those describing HGESS
with YWHAE or BCOR genetic abnormalities, clinical data
are limited. However, the presence of high-grade transfor-
mation appears associated with an accelerated disease
course when compared with typical LGESS. We were also
unable to identify fusions by targeted RNA sequencing in
one tumor. While common rearrangements involving genes
such as SUZ12, JAZF1, PHF1, YWHAE, and BCOR were
not found using this method, this tumor likely harbors an
alternative fusion that may be identifiable by whole tran-
scriptome sequencing.

In conclusion, histologic high-grade transformation may
rarely occur in LGESS and is characterized by nuclear
atypia and mitotic activity that surpasses features acceptable
for LGESS. These tumors often harbor gene fusions that are
typically associated with LGESS. The clinical significance
of this unusual morphologic finding remains uncertain, and
long-term multi-institutional studies are required.
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