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Abstract

and provide some new ideas for differential diagnosis.

Background: Sex cord-like elements are rarely observed in uterine lesions, but these morphological patterns could
appear in a variety of uterine tumors and non-tumorous lesions. In this review, we collected the literatures regarding
the uterine tumorous and non-tumorous lesions containing sex cord-like elements and summarized these lesions in
terms of clinicopathological, immunohistochemical, and molecular features in order to further understand these lesions

Main body: This section provides a comprehensive overview of the clinicopathological, immunohistochemical, and
molecular features of uterine lesions with sex cord-like architectures including uterine tumors resembling ovarian sex
cord tumors, endometrial stromal tumors, adenomyosis, endometrial polyps, leiomyoma, epithelioid leiomyosarcoma,
adenosarcoma, sertoliform endometrioid carcinoma, corded and hyalinized endometrioid carcinoma, mesonephric
adenocarcinoma, and mesonephric-like adenocarcinoma. The differential diagnosis based on morphology,
immunohistochemistry, and molecular alterations has also been discussed.

Conclusion: The sex cord-like areas in these lesions show heterogeneous but similar morphological features.
Additionally, immunohistochemical staining plays a limited role in differential diagnosis. Furthermore, it is of
significance for pathologists to better understand these lesions in order to avoid confusion and mistakes during
pathological diagnosis, especially in a biopsy/curettage specimen.
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Background

Sex cord-like elements are rarely observed in uterine le-
sions, but these morphological patterns could indeed ap-
pear in a variety of uterine tumors and non-tumorous
lesions. In 1976, Clement and Scully [1] described two uter-
ine tumor groups with histological resemblances to ovarian
sex-cord tumors: Group I consists of typical endometrial
stromal tumors (EST) with a sex cord-like contribution as a
minor component (10 to 40%) and is mainly composed of
endometrial stromal nodules (ESN) and low grade endo-
metrial stromal sarcomas (LGESS) [2], also known as endo-
metrial stromal tumors with sex cord-like elements
(ESTSCLE); Group II consists of tumors formed predomin-
antly or exclusively by a sex cord-like component, known
as uterine tumor resembling ovarian sex cord tumors
(UTROSCT). Except UTROSCT and ESTSCLE, other uter-
ine lesions with morphological features resembling sex
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cord-like architectures include adenomyosis [3], endomet-
rial polyp [4], leiomyoma [5], epithelioid leiomyosarcoma
[6], adenosarcoma (AS) [7-12], sertoliform endometrioid
carcinoma [13-16], corded and hyalinized endometrioid
carcinoma (CHEC) [17], mesonephric and mesonephric-
like adenocarcinoma [18-21], and so on. The sex cord-like
elements in these lesions may cause confusion and mistakes
during pathological diagnosis, especially in a biopsy/curet-
tage specimen.

To the best of our knowledge, few articles have sum-
marized the clinicopathological features and prognosis
of uterine lesions with sex cord-like architectures. Mean-
while, although UTROSCT has been reported in numer-
ous articles, the molecular profile of this tumor has
never been summarized comprehensively, and the differ-
ences between this tumor and the sex cord-like elements
in other uterine lesions have been poorly described, both
morphologically and immunohistochemically. Therefore,
in this review, we collected the literatures regarding the
uterine tumorous and non-tumorous lesions containing
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sex cord-like elements, and summarized these lesions in
terms of clinicopathological, immunohistochemical, and
molecular features in order to further understand these
lesions and provide some new ideas for differential
diagnosis.

Main text

This section provides an overview of the clinicopatho-
logical, immunohistochemical, and molecular features of
10 categories of uterine lesions with sex cord-like archi-
tectures. Among these lesions, UTROSCT and EST have
been studied systematically in a few articles, whereas the
other lesions are described dispersedly. The clinicopath-
ological features and immunohistochemical profile of
the cases with sex cord-like elements, except UTROSCT
and EST, are summarized in Table 1 and Table 2.

UTROSCT

UTROSCT is a rare tumor with predominantly morpho-
logical features of sex cord-like elements wherein tumor
cells arrange in cords, trabeculaes, tubules, clusters, sheets,
and retiform appearance. Tumor cells in UTROSCT show
two features. In most cases, the tumor cells are of small to
medium size and oval to spindle in shape, with mild to
moderate cell atypia, scanty cytoplasm, and an unobvious
nucleolus, similar to the cells of the adult granulosa cell
tumors (Fig. 1a-b). In other cases, the tumor cells are lar-
ger in size with a prominent foamy or eosinophilic cyto-
plasm and an irregular nucleus, resembling foam cells or
macrophages (intranuclear vacuoles and nucleolus can
also be observed) (Fig. 1c-d). This cellular type is the so-
called “polygonal cells with eosinophilic or foamy
cytoplasm,” resembling Sertoli cells [24]. Immunohisto-
chemically, UTROSCT characteristically exhibits a poly-
phenotypic immunophenotype with co-expression of
hormone receptors, cytokeratin, smooth muscle markers,
and markers that are commonly positive in ovarian sex
cord—stromal tumors including, inhibin, calretinin, CD56,
CD99, Melan-A, steroidogenic factor-1 (SF-1), and
FOXL2 [22, 25].

The diagnosis of UTROSCT has been discussed based
on immunohistochemical expression. In some articles,
positive staining of calretinin is regarded as necessary,
which is thought to be the most specific marker of this
tumor [26-28], however, calretinin-negative UTROSCT
has also been reported [25, 29]. In contrast, Stewart
et al. [22] regarded the positive staining of SF-1 as a use-
ful indication for the differential diagnosis of UTROSCT
and other uterine lesions with sex cord-like architec-
tures; according to their study, SF-1 showed a specificity
of 100.0%. In UTROSCT, the expression of SF-1 was
studied in two articles containing 19 and 6 cases respect-
ively, with positive rates of 57.9 and 50.0% [22, 30], re-
spectively. The specific expression of SF-1 in UTROSCT
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could be a useful method for differential diagnosis; how-
ever, the low expression rate of this marker in
UTROSCT might be a limitation.

Molecular changes in UTROSCT have also been re-
ported in a few articles. Although UTROSCT demon-
strates FOXL2 protein positivity, FOXL2 and DICER1
mutations are not identified in this tumor [30, 31]. It lacks
the IgH gene translocation as well as IgH-Bcl-2, IgH-
MALT1 and API2-MALTI1 translocations [32]. Mean-
while, UTROSCT is found to contain the t(X;6)(p22.3;
q23.1) and t(4;18)(q21.1;q21.3) translocations [33], as well
as ESR1-NCOA2/3, GREB1-NCOA1/2 and GREBI-
CTNNBI fusions [34—37]. Among these molecular alter-
ations, ESR1-NCOA3 fusion is predominantly observed.
The characteristic ESR1 or GREB1 rearrangement in
UTROSCT might be more useful for pathological diagno-
sis. Furthermore, unlike EST, UTROSCT lacks JAZF1-
JJAZ1 translocation [2] and JAZF1 breakapart [38], and
this observation supports the hypothesis that UTROSCT
is a distinct entity compared with EST.

Recently, Lee et al. described four uterine sarcomas con-
taining the GREBI1 fusion genes [36]. Morphologically,
these tumors showed, at most, limited sex cord-like fea-
tures along with fascicular spindle cellular areas resem-
bling monophasic synovial sarcomas. Sex cord markers
(calretinin, a-inhibin and Melan-A) were expressed in
only one case and the definite pathological classification of
these tumors was uncertain. Based on the present results
and previous cases, Lee et al. [37] suspected that GREBI1-
rearranged tumors might include a distinct variant of
UTROSCT with a tendency toward the poorly differenti-
ated end of the spectrum, compared with the classic
ESR1-rearranged UTROSCT. These findings provide new
ideas regarding the molecular classification of UTROSCT.
However, as the number of cases involved in this research
is limited, further investigation is required.

EST

ESN and LGESS could also show sex cord-like features
[38-40]. According to Clement and Scully, this variant
usually comprises sex cord-like elements below 50% [1],
however, LGESS with a sex cord-like contribution more
than 50% has also been reported [41, 42]. The tumor cells
in the sex cord-like elements are small and uniform and
have round or oval nuclei with inconspicuous nucleoli and
scanty cytoplasm (Fig. 2a-b). Additionally, nuclear atypia
and mitotic activity are not prominent [41, 43]. Moreover,
large foam-like or Sertoli-like cells with abundant cyto-
plasm have also been reported [1, 42, 43]. Immunohisto-
chemically, the sex cord elements show positive staining
of epithelial, endometrial stromal, smooth muscle markers
and hormone receptors, while epithelial membrane anti-
gen (EMA) is always negative. Sex cord markers including,
inhibin (7/30, 23.3%), CD99 (9/19, 47.4%), calretinin (7/
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