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Abstract: We report on a 50-year-old postmenopausal woman who presented with abnormal uterine bleeding and pelvic pain due to
a uterine solid mass grew from the uterine fundus to the cervix and with so far undescribed obviously gelatinous grossly change, which
was suspected of myxoid leiomyosarcoma in intraoperative diagnosis. Morphologically, the tumor cells displayed haphazard fascicles
of uniform mild-to-moderate heteromorphic spindle cell component with significant and abundant myxoid stroma, forming signet ring
cells and microcysts. Immunohistochemically, the tumour cells were diffusely positivefor CD10 and cyclin D1 and negative for
Desmin and SMA, but the expression of BCOR staining was not present. The FISH study showed a positive BCOR gene break probe,
and the RNA sequencing revealed an identified reciprocal fusion gene ZC3H7B-BCOR. The case was finally diagnosed as ZC3H7B-
BCOR high-grade endometrial stromal sarcoma. Tumor recurrence occurred rapidly on the pelvic peritoneal and vaginal 2 months
after resection. In conclusion, these findings further support ZC3H7B-BCOR HGESS has a poor prognosis and molecular testing of
uterine mesenchymal tumors with myxoid matrix and unusual grossly presentation is recommended to avoid misdiagnosis.
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Introduction
Endometrial stromal and related tumors are a rare and complex subset of mesenchymal uterine neoplasms. In the past
decade, the classification of this rare group of tumors has changed significantly with the discovery of recurrent and
mutually exclusive genomic alterations as next-generation sequencing analysis has been increasingly applied in clinical
and research applications. Endometrial stromal and related tumours have been divided into four categories in the most
recent classification by the World Health Organization (WHO, 2020): endometrial stromal nodule (NST), low-grade
endometrial stromal sarcoma (LGESS), high-grade endometrial stromal sarcoma (HGESS) and undifferentiated uterine
sarcoma (UUS),' and this distinction is predominantly guided by underlying genetic alterations. The most common
HGESS are YWHAE-NUTM?2 fusions HGESS containing t(10;17) (q22;p13), which consist of small, high-grade round
cells arranged in lamellar and nested heterotypes with active mitotic figures. Recently, another newly identified group of
ESS with a ZC3H7B-BCOR gene fusion was considered as a separate group of HGESS in addition to the known
YWHAE-NUTM2 fusion, showing high malignant potential with more aggressive clinical behavior and different
histological characteristics and immunohistochemical (IHC) expression.” However, due to its rarity, the clinicopatholo-
gical features remain to be elucidated and awareness of this tumor should also be enhanced. Here, we report one case of
ZC3H7B-BCOR fused HGESS with classic morphological characteristics and uncommon grossly finding.

A 50-year-old postmenopausal woman with abnormal uterine bleeding and pelvic pain, lasting one month. CT scan
showed a large uterine mass, measuring 13.6 cm x 10.3 cm X 10 cm, with a high possibility of endometrial lesions and

possible invasion of myometrium and upper cervix. Then, the patient underwent exploratory laparotomy. Intraoperative
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findings were that the diameter of the posterior uterine wall mass was about 10 cm, with a gray-yellow cut surface. The
mass infiltrates beyond the uterine serosal membrane. Scattered mass lesions can be seen on the surface of omentum,
mesoappendix and mesentery of the small intestine. The patient had undergone a total abdominal hysterectomy with
bilateral salpingo-oophorectomy and performed an intraoperative diagnosis. Grossly, the uterine solid mass grew from
the uterine fundus to the cervix and up to 16 cm in size. It is located in the deep myometrium and partly penetrated the
serosa with a tan-yellow and obviously gelatinous cut surface (Figure 1A). Frozen sections showed that the tumour was
composed of fascicular spindle cells and had a destructive invasive pattern of the myometrium, which is associated with
abundant myxoid stroma (Figure 1B). The cells have scant to moderate eosinophilic cytoplasm and mild-moderate
nuclear atypia. Mitotic figures can easily be found in some areas in the section (Figure 1C), but necrosis was not seen.
The intraoperative diagnosis was that it is a malignant mesenchymal tumour of the uterus with suspicious myxoid
leiomyosarcoma (LMT). This patient had further resection of mass lesions on the surface of omentum, mesoappendix and
mesentery of the small intestine. No residual mass was seen.

The permanent sections showed that most areas of the tumor cells with low cellularity have uniform nuclear features
with mild-to-moderate nuclear atypia (Figure 2A), scant to moderate eosinophilic cytoplasm, inconspicuous nucleoli, and
visible nuclear mitotic activity (5—6 mitoses/10 HPF of 0.55 mm in diameter). Some areas of the tumor cells with
moderate cellularity were associated with moderate nuclear atypia with enlarged nuclei and increased nucleoplasm ratio
and high mitotic count (16 mitoses/10 HPF of 0.55 mm in diameter) (Figure 2B). There was a significant and abundant
myxoid stroma, with some cells appearing as cytoplasmic signet ring cell change (Figure 2C) or forming microcysts
containing myxoid material or floating in mucin (Figure 2D). Thin-walled vessels were seen, with few arteriolar-type
vessels and occasional thick-walled vessels. Lymphovascular invasion (LVSI) was not found. Most of the tumor cells
showed a fascicular grown pattern, similar to leiomyoma-like tumor or LGESS. In some areas of the tumor, spindle cells
were compacted and associated with collagenous plaques (Figure 2E). Rarely, benign endometrial glands were present on
the tumor surface (Figure 2F).

Immunohistochemically, the tumor cells were diffusely positive for CD10 (Figure 3A) and cyclin D1 (Figure 3B),
focal positive for PR and negative for ER, Desmin, SMA, h-Caldesmon, CD34, CD117, DOGI1, ALK, pan-TRK and
HMB45. The staining of p53 showed a wild-type expression pattern. Moreover, the tumor was negative for BCOR
(Figure 3C).

Dual colour fluorescence in situ hybridisation (FISH) was performed using break-apart probes flanking BCOR
(Xpl1.4), YWHAE(17p13), JAZF1(7pl5), PHF1(6p21) and PLAGI1(8q12) (LBP Medicine Science and Technology,
China). The FISH assay showed a positive BCOR gene break probe, indicating that a rearrangement of the BCOR
gene had occurred (Figure 4), while FISH for YWHAE, PHF1, JAZF1 and PLAGI rearrangements were all negative.

For RNA sequencing, genomic RNA was extracted from tumor Formalin-Fixed, Paraffin-Embedded (FFPE) samples
using miRNeasy FFPE Kit. Ribosomal RNA was removed using RNase H followed by library preparation using KAPA
Stranded RNA-seq Kit with RiboErase (HMR) (KAPA Biosystems). Library concentration and quality were determined
by the Qubit 3.0 system (Invitrogen). Afterward, sequencing was performed by whole transcriptome RNASEQ detection
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Figure | Gross finding and frozen section microscopic presentation; (A) obviously gelatinous cut surface can be seen; (B) abundant myxoid matrix was seen in the
background of the tumor (magnification 40x); (C) the spindle cells have mild-moderate cytologic atypia. Mitotic figures can easily be found (red cycle) (magnification 200x).
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Figure 2 Histological features of the tumor in postoperative paraffin sections; (A) spindle cells showing infiltrative growth within the myometrium with obvious myxoid
matrix and thin-walled vessels (magnification 100x); (B) some tumor cells with moderate cellularity were associated of moderate cytological atypia with enlarged nuclei and
high N/C ratio and high mitotic count (magnification 200x); (C) focally tumor was characterized by cytoplasmic vacuolation generated a signet-ring like appearance
(magnification 200x); (D) abundant myxoid stroma formed multiple microcysts (magnification 100x); (E) focal collagenous plaques presenting (magnification 100x); (F)
benign endometrial glands were present on the tumor surface (magnification 100x).

Figure 3 Immunostaining results of ZC3H7B-BCOR HGESS; (A) CD10(+) (magnification 100x); (B) cyclinD| (diffues +) (magnification 100x); (C) BCOR(-) (magnification
100x).

(30M) on Illumina HiSeq 4000 according to the manufacturer’s instrument. Genomic testing revealed a reciprocal fusion
between BCOR exon 6 and ZC3H7B exon 11 (Figure 5).

Based on the histomorphological characteristics, IHC expression, FISH and RNA sequencing results, the case was
finally diagnosed as ZC3H7B-BCOR HGESS. The tumor infiltrated the serosa with the presence of cervical deep stromal
involvement. Tumor involvement in the omentum, mesoappendix and small intestine mesentery was seen. The patient
with FIGO stage 3b received synchronous doxorubicin liposome chemotherapy and bevacizumab targeted therapy. CT
imaging performed 2 months after resection showed an irregular mass on the pelvic peritoneal and upper right side of the
vaginal stump with a maximum diameter of 3.7 cm, suggesting tumor recurrence. Six months after surgery, CT showed
that the irregular mass increased to 5.4 cm and involved the right ureter. Multiple nodules in the abdominal cavity have
increased in size compared to the previous one, considering the progression of tumor metastasis. The patient was treated
with combined doxorubicin liposome chemotherapy with pablizumab immunotherapy for 4 cycles after synchronous
doxorubicin liposome chemotherapy and bevacizumab targeted therapy for 6 cycles. The patient is currently alive 10
months after surgery but with severe renal insufficiency.
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Figure 4 FISH analysis confirmed gene rearrangements in BCOR showing split signals.
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Figure 5 RNA sequencing results show that the BCOR gene exon 6 is fused to the ZC3H7B gene exon | 1.

Discussion

There are three main independent molecular subgroups of HGESS in the 5th edition of WHO 2020, including YWHAE-
NUTM2A/B HGESS, ZC3H7B-BCOR HGESS and HGESS with BCOR internal tandem duplication (ITD), with unique
morphological features and IHC expression characteristics, respectively.' The specific molecular alteration of ZC3H7B-
BCOR fusion occurring in ESS was first reported by Panagopoulos et al in 2013,> which reported two cases of ESS
carrying the ZC3H7B-BCOR (t(X;22)(p11;q13)) fusion gene. Both cases consisted of spindle cells with mild cytological
atypia and case 1 with low mitotic activity (0—1/10HPF) and positive for CD10, ER and PR. While case 2 had obvious
vascular hyperplasia, a high mitotic count and was positive for CD10 but negative for ER and PR. Both patients had an
advanced clinical stage and had distal ureteral and intestinal metastases, respectively. Subsequently, Hoang et al reported
three cases of ESS with ZC3H7B-BCOR gene fusion sharing significant morphologic overlap with myxoid leiomyo-
sarcoma of the uterus.* All cases displayed uniform spindle cells with abundant myxoid matrix and active mitotic
activity. The tumor showed a “tongue-like” pattern of myometrium infiltration with involvement of endometrium and
displayed aggressive clinical behavior. Lewis et al evaluated 17 cases of ZC3H7B-BCOR ESS in 2017, including five
cases mentioned above, summarized the clinicopathological data, and proposed that ZC3H7B-BCOR fusion constituted
a novel type of HGESS.? The patients were associated with unique histological features and worse prognosis compared to
LGESS. Tumors usually involve the endometrium and infiltrate the myometrium in a tongue-like or push-type infiltration
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pattern. Necrosis and LVSI were common. Morphologically, the tumor cells displayed haphazard fascicles of uniform
spindle cells, which had intermediate-sized ovoid to spindle nuclei. The nucleus had uniform chromatin and generally
inconspicuous nuclei. Cytoplasm ranged from scant to moderate and eosinophilic. Myxoid matrix was identified in most
cases, with some forming lakes. Collagenous plaques and benign endometrial glands can be seen. The mitotic figures
were brisk with a median of 14.5 mitotic figures/10 HPF. The vascular pattern was variable, and small arterioles were
common and thick-walled vessels, which can be seen with occasional haemangiopericytoma-like patterns. IHC staining
was often positive for CD10, cyclinD1 (diffuse in 86% of the tumors). Only 50% of cases were positive for BCOR. The
expressions of ER and PR were variable, and smooth muscle markers were negative or weakly positive. Our current case
encompassed almost all of the histological features and the immunoprofile mentioned above. The study also mentioned
that the median age at diagnosis was 54 (range 28-71) years. Seven (41%), three (18%) and seven (41%) patients
presented with FIGO stage 1, 2 and 3 disease, respectively. Eight of the 10 patients with follow-up data showed
recurrence, revealing an aggressive clinical prognosis.” The case we reported was rapidly progressive, suggesting a poor
clinical prognosis of this tumor consistent with the literature.

Subsequent reports of more cases enriched the histological and immunohistochemical expression characteristics of
ZC3H7B-BCOR fused HGESS.” ® Other morphological features contained cytoplasmic signet ring cell changes, micro-
cysts containing myxoid material, only focal myxoid matrix, a prominent haemangiopericytoma-like vascular pattern and
small foci of osseous metaplasia. SATB2 can also be positively expressed. Positive expression of PAN-TrK in the
cytoplasm or cell membrane may occur in some cases, but sequencing results showed no correlation with 7rk gene
rearrangement.’

However, morphological features and IHC profiles provide important diagnostic clues for ZC3H7B-BCOR HGESS, it
still required FISH or molecular testing to confirm. BCOR is encoded by a BCL-6 interacting corepressor gene located on
chromosome Xpl1.4 that interacts with PCGF1 in a variant polycomb repressive complex (PRC1) to enhance transcrip-
tional repression.'® ZC3H7B participates in protein-nucleic acid interactions and thus may mediate its tumorigenic effect
through abnormal epigenetic regulation. However, ZC3H7B-BCOR fusion is not unique to ESS. It has also been
described in ossifying fibromyxoid tumor (OFT), which was a rare soft tissue neoplasm of uncertain differentiation
and intermediate biologic potential.'' OST also showed variably cellular spindle to round cells with myxoid to the
collagenous stroma, but it most often affected the superficial and deep soft tissues of the extremities. The tumor was
positive for S-100. Genomic alterations of BCOR via ZC3H7B-BCOR fusion or BCOR ITD in HGESS can be identified
by IHC staining,'? using the BCOR monoclonal antibody C-10. The BCOR monoclonal antibody detects BCOR exons 1,
2, 3 and some of the epitopes encoded by exon 4. Unfortunately, the positive expression of BCOR in ZC3H7B-BCOR
HGESS was only about 50%. Someone assessed whether the differential expression of BCOR was associated with
different breakpoints in the BCOR fusion transcripts, but no correlation was found.” Currently, there are four reported
cases of ZC3H7B exon 10 -BCOR exon 7 gene fusion, among which three cases are positive for BCOR expression,™'?
while one case is negative.” Other tumors with ZC3H7B exon 6-BCOR exon 14 fusion and BCOR exon 7-ZC3H7B exon
11 fusion were also positive for BCOR expression.” BCOR was negative in HGESS with BCOR exon 6-ZC3H7B exon
11 fusion. Interestingly, the current case we reported was also negative for BCOR expression with BCOR exon 6 and
ZC3H7B exon 11 fusion. Such a coincidence indicates that whether there was a correlation between BCOR expression
and specific breaking point needs to be clarified by accumulating more data and details in more cases. BCOR is also
expressed in most female genital tract adenosarcomas,'® making the differential diagnostic value of BCOR IHC in
ZC3H7B-BCOR HGESS less than ideal.

ZC3H7B-BCOR HGESS needs to be identified from other entities in female genital tumors, which share significant
morphologic and IHC overlap. All of the useful differential diagnostic key points are summarized in Table 1. YWHAE-
NUTM?2 HGESS is usually associated with lamellar, nest, pseudopapillary, or pseudoglandular round cells, without
fasciculate spindle cells or obvious mucoid matrix."* Diffuse cyclinD1 and BCOR staining were observed in both of
them,'® but the expression of CD10, ER and PR was usually absent in round cell components of YWHAE-NUTM2A
/B-fused HGESS. Both BCOR ITD HGESS and ZC3H7B-BCOR HGESS showed mild-to-moderate atypia spindle cells
in significant fibromyxoid stroma, but BCOR ITD HGESS showed high-grade round cell components with severe nuclear
atypia and brisk mitotic activities.'®'” In IHC profiles, the expression of CD10 was negative or focal positive in BCOR
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Table | Helpful Features for Differential Diagnosis of ZC3H7B-BCOR HGESS

Morphological Features

IHC Profiles

Molecular Alterations

ZC3H7B-BCOR HGESS

Fasciculate spindle cells and mucoid matrix

cyclinD1(+); BCOR(50%+); CD10(+),
ER and PR (variable)

ZC3H7B-BCOR fusion

ER and PR(variable)

YWHAE-NUTM2 High-grade round cells and LGESS cyclinDI(+); BCOR(+); CDI0, ER and | YWHAE-NUTM2A/B fusion
HGESS component PR(-)
BCOR ITD HGESS High-grade round cells and spindle cells cyclinD1(+); BCOR(+); CDI0(-/focal); | BCOR ITD

LGESS with

fibromyxoid stroma

Low-grade spindle cells and fibromyxoid

stroma

cyclinD1(-); BCOR(-); CD10(+); ER
and PR(+)

JAZF1-SUZ12 fusion; PHFI-
JAZFI and PHFI-EPCI fusion

Myxoid LMS Spindle cells with cigar-like nucleus; Desmin, SMA and h-Caldesmon(+); PLAGI gene fusion
mucinous stroma; large thick-walled vessels | CDI10(-); ER and PR(+)
IMT Mixture of epithelioid and spindle cells; Desmin, SMA and h-Caldesmon(+); ALK gene rearrangement

inflammatory infiltration CDI0, ER and PR(variable); ALK(+)

Abbreviations: HGESS, high-grade endometrial stromal sarcoma; LGESS, low-grade endometrial stromal sarcoma; BCOR ITD, BCOR internal tandem duplication; LMS,
leiomyosarcoma; IMT; inflammatory myofibroblastic tumor.

ITD HGESS. ZC3H7B-BCOR HGESS also needs to be differentiated from LGESS with fibromyxoid stroma. LGESS
cells were low-grade with mild cytologic atypia, no obvious nucleoli, and usually low mitotic index.'® Although CD10
was expressed in both of them, ER and PR were positive and cyclinD1 was negative in most LGESS."> Furthermore,
BCOR was exactly negative in LGESS, thus it was a valuable diagnostic marker for distinguishing HGESS from
LGESS." The most common molecular alterations in LGESS were JAZF1-SUZ12 gene fusion caused by t (7) and
PHF1-JAZF1 and PHF1-EPC1 fusion involving PHF1 gene on chromosome 6.2

Myzxoid leiomyosarcoma (LMS) is also one of the most important differential diagnosis of ZC3H7B-BCOR HGESS.
It was reported that some ZC3H7B-BCOR HGESS cases were misdiagnosed as myxoid leiomyosarcoma without FISH
or next-generation sequencing because of obvious histological overlap between them.* Myxoid stroma, thick-walled
vessels and collagenous plaques, which were common in smooth muscle tumors, can also be observed in ZC3H7B-
BCOR HGESS. However, tumor cells of myxoid LMS were more common with a cigar-like nucleus and destructive
myometrial invasion.”' Recent studies have shown that PLAG1 gene fusion exists in 25% of myxoid leiomyosarcomas,
which can be detected by FISH or PLAG1 IHC staining, suggesting that PLAG1 may be a useful diagnostic marker for
them.*? Previously, some researchers suggested that gross features may also be helpful for differential diagnosis. Myxoid
LMS was usually grossly gelatinous or myxoid, which was not present in ZC3H7B-BCOR HGESS.* However, our
current case was characterized by a myxoid grossly feature, which led us to consider it as myxoid LMS in intraoperative
diagnosis. We suggested that the myxoid grossly feature cannot completely rule out the diagnosis of ZC3H7B-BCOR
HGESS.

Another uterus mesenchymal tumor with myxoid stroma that should be identified was an inflammatory myofibro-
blastic tumor (IMT). As a kind of really histologically rare tumor, IMT was purely fascicular or myxoid or showed the
predominance of one or the other pattern, composed of a mixture of epithelioid and spindle cells with mild to severe
nuclear atypia.”>** Inflammatory infiltration dominated by lymphocyte infiltration was seen in all IMT, and no LVSI was
found. IMT cells were positive for desmin, SMA and h-Caldesmon, and variable for CD10, ER and PR. Specific positive
expressions of ALK or ALK gene rearrangement detected by FISH were the most useful diagnostic clues.

In summary, ZC3H7B-BCOR HGESS is a rare and unique group of ESS, which should be distinguished from other
uterine mesenchymal tumors with myxoid matrix. Our case report adds a previously undescribed myxoid grossly feature
to ZC3H7B-BCOR HGESS. Histologically, the consistent fascicular arrangement in the myxoid stroma, mild-to-
moderate heteromorphic spindle cells and specific immunoprofile of CD10 and cyclinD1 and/or BCOR are useful
diagnostic clues for the tumor, which should be further confirmed by molecular detection. ZC3H7B-BCOR HGESS is
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prone to recurrence and has a poor prognosis. More case reports and more complete clinicopathological data were

expected to raise awareness to avoid misdiagnosis.
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