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Abstract: Endometrial carcinoma is a heterogeneous group of malignancies characterized by distinct
histopathological features and genetic underpinnings. The 2020 WHO classification has provided a
comprehensive framework for the categorization of endometrial carcinoma. However, it has not fully
addressed the spectrum of uncommon entities that are currently not recognized by the 2020 WHO
and have only been described in the form of small case series and case reports. These neoplasms
represent a real diagnostic challenge for pathologists; furthermore, their therapeutic management
still remains controversial and information regarding tumor prognosis is very limited. This review
aims to elucidate these lesser-known variants of endometrial carcinoma. We discuss the challenges of
identifying these rare subtypes and the molecular alterations associated with them. Furthermore, we
propose the need for expanded classification systems that include these variants to enhance clinical
outcomes and research efforts. We believe that a better histological typing characterization of these
entities may lead to more reproducible and accurate diagnoses and more personalized treatments.
By raising awareness of these rare entities, we also hope to encourage further investigation and

integration into clinical practice to improve patient care in endometrial carcinoma.
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1. Introduction

Endometrial carcinoma is the sixth most frequently diagnosed cancer in women and
the second most common carcinoma of the female genital tract [1]. The current World
Health Organization (WHO) classification of tumors of the uterine corpus includes the
common types of endometrial carcinoma, i.e., endometrioid carcinoma, serous carcinoma,
clear cell carcinoma, carcinosarcoma, and undifferentiated /dedifferentiated carcinoma
(UDC/DDC), as well as rare histotypes, i.e., mesonephric-like, gastrointestinal-type, and
squamous cell carcinoma [2].

However, several other uncommon entities that are currently not recognized by the
WHO have been described in the form of small case series and multiple case reports.
Assessing these cases appears clinically relevant as they do not fit any of the current types of
endometrial carcinoma and represent a challenge for pathologists. The differences between
these histotypes and the other more common types of endometrial carcinoma, as well
as their appropriate therapeutic approach, are still controversial. Moreover, information
regarding tumor behavior and long-term prognosis is limited.

The purpose of this review is to present the clinicopathological and molecular features
of these rare variants, discussing their differential diagnosis and management course.
We believe that a better characterization of these entities may lead to more reproducible
diagnoses and more accurate treatments.

2. Endometrial Giant Cell Carcinoma (EGCC)

Endometrial giant cell carcinoma (EGCC) is an uncommon endometrial carcinoma
variant composed of a proliferation of extremely atypical, mono- or multinucleated giant
cells [3-5].

These cells are arranged in poorly cohesive sheets and exhibit bizarre nuclear features,
including multilobate nuclei, clear chromatin with eosinophilic nucleoli or hyperchromasia
(often observed in different nuclei within the same cell), cytoplasmic intranuclear pseu-
doinclusions, and atypical mitotic figures. The giant cells are typically accompanied by a
conventional carcinoma component, which is of endometrioid type in the vast majority of
cases [5].

Immunohistochemically, the giant cells show partial loss of epithelial differentiation,
with only focal cytokeratins and E-cadherin expression. Moreover, any marker of specific
differentiation lineage is negative, including histiocytic markers, smooth muscle mark-
ers, striated muscle markers, neurogenic markers, and melanocytic markers. Regarding
The Cancer Genome Atlas (TCGA) molecular classification, most cases fall into the “no
specific molecular profile” (NSMP) group as they show wild-type p53 expression pattern,
retained mismatch repair (MMR) proteins expression, and no polymerase epsilon (POLE)
mutations [3-10].

The classification of EGCC is subject of debate. In fact, giant tumor cells can be
observed in other more common histotypes of endometrial carcinoma, such as serous
carcinoma and high-grade endometrioid carcinoma. However, the giant cells of EGCC
appear more prominent in terms of both quantity (they are extensively present) and quality
(they are extremely bizarre). Moreover, the giant cells of EGCC show loss of epithelial
differentiation, as discussed above [5].

Abbas Agaimy suggested that giant cell carcinoma (not only endometrial but of any
district) is not a distinct entity but a morphologic pattern in the spectrum of undifferentiated
and sarcomatoid carcinoma [11]. Although we agree with such a view, we would remark
that EGCC differs from the typical endometrial UDC/DDC and carcinosarcoma.

In fact, EGCC appears unrelated to classical UDC/DDC, which is typically composed
of monomorphic undifferentiated cells and often shows mismatch repair (MMR)-deficiency
and SWI/SNF proteins loss of expression [2,12,13]. The difference between EGCC and
UDC/DDC is also acknowledged by the international society of gynecological patholo-
gists [14].
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On the other hand, carcinosarcoma most often shows a serous carcinoma component
and is of the p53-abnormal group in the vast majority of cases [15]. A recent study suggested
that carcinosarcoma is almost exclusively p53-abnormal [16]. Moreover, markers of specific
mesenchymal differentiation are negative in EGCC [3-5].

Based on the available literature data, EGCC exhibits an aggressive behavior and is
associated with advanced stage, lymph-node involvement, recurrences, and distant metas-
tases [6,9]. It appears, therefore, reasonable to consider EGCC analogous to UDC/DDC
and carcinosarcoma in terms of treatment [3-5].

Summary Tips for Histological Diagnosis

EGCC is characterized by sheets of giant anaplastic, mono- and multinucleated cells
with extreme pleomorphism.

The immunohistochemical profile is characterized by focal/multifocal CKAE1/AE3
and EMA expression, with loss of E-cadherin and absence of specific differentiation markers
(such as 3-HCG and myogenic markers).

In Table 1, histological, immunohistochemical, and molecular features are summarized,
along with the relative references.
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Table 1. Summary of histological, immunohistochemical, and molecular features of rare EC variants, along with relative references and number of cases reported.

Rare Variants Histological Features Immunohistochemistry Molecular Aslit;la;tlﬁ?: and TCGA References Nu(r:r:l l;:; of
[3] 5
CKAE1/AE3: focal/multifocal FSL% g
Giant cells with marked cytological atypia and EMA: focal /multifocal )
Endometrial Giant Cell extreme pleomorphism yios op Vimentin: positive (50%) - NSMP preferentially {g% %
Carcinoma (EGCC) Sheets of anaplastic, mono- or E-cadherin: negative (currently limited data) 8] 1
multi-nucleated cells B-HCG: negative [9] 1
Muscle markers: negative [10] 1
Total: 19
CKAE1/AE3: diffuse and strong
CK7: diffuse and strong
CK20: multifocal /diffuse
CK5/6: multifocal
E-cadherin: incomplete membrane staining
and/or cytoplasmic accumulation
{-catenin: incomplete membrane staining
Endometrial carcinoma with Dyschoesive cells with wide eosinophilic and and/or cytoplasmic accumulation - MMRd or p53abn [17] 4
histiocyte-like tumor cells vacuolated cytoplasm (histiocyte-like tumor PAX8: positive .
(EC—HLTCs) cells, HLTCs) ER: focal /negative (currently limited data)
PR: focal /negative
CDX2: negative
p63 and p40: negative
HNF18: positive
Napsin A and p504S: negative
p53: aberrant or wild-type expression Total: 4
AFP: focal
Hepatoid: moderate amount of eosinophilic or SALLA4: focal
. . clear cytoplasm, nuclei with coarse chromatin CK?7: focal /negative [18] 5
AFP-producing endometrial and moderate to severe nuclear atypia PAX8: focal/negative - p53abn
c(ex‘lc:an_%ré? Fetal gut-like: tall columnar cells with large ER focal /negative (currently limited data)
nuclei and clear cytoplasms arranged in PR: focal /negative [19] 1
glandular and papillary pattern HNF1p: positive [20] 1
Napsin A and p504S: negative Total: 7
p53: frequent aberrant expression (80%)
[21] 1
Association to a somatic component (high grade [22] 9
Endometrial carcinoma with yolk endometrioid carcinoma and carcinosarcoma) ) o B E‘H %
. S Reticular, glandular microcystic, solid patterns SALL4, Glypican-3 and villin: positive Hy limited data) 5 1
sac tum?ééif\f{fgfrte)ntlatlon Presence of the typical endodermal AFP and PLAP: focally positive (currently lim {2 6} >
(Schiller-Duval) bodies [27] 1
Cytological heterogeneity [28] 1

Total: 17
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Table 1. Cont.
Rare Variants Histological Features Immunohistochemistry Molecular ASIit;Iaattiﬁ?: and TCGA References Nu(r:ra;l;:; of
Solid growth pattern with a neoplastic CKAE1/AE3: diffuse
. Lo . proliferation of high-grade basaloid cells CK?7: variable _ CTNNBI tati 29 5
P 1lomatr1x-.h%<e h1gh-grade associated with diffuse ghost cell keratinization CDX2: focal _ NSMP mutations [29]
endomeltjlfﬁlgl Eacrcmoma and extensive geographic necrosis PAX8: negative L [30] 1
(Pi ) In most cases of PIMHEC exhibit a low-grade ER: negative (currently limited data) [31] 1
endometrioid component {-catenin: aberrant nuclear expression Total: 7
KAE1/AE3: d d ion in th
Corded component: bland appearance and low cCo rded c/omson:;iease expression In the % 351
Corded and hyalinized mitotic activity E-cadherin: decreased expression in the corded -~ NSMP 34 9
endometrioid carcinoma Merging of the corded and endometrioid component p o : >
(CHEC) components Itj i ab ¢ nucl . (currently limited data) :2 66
Prominent squamous/morular metaplasia B-catenin: aberrant nuc ear expression g .
ER and PR: focal /negative Total: 113
37 1
Endometrial carcinoma with Endometri;al tumors exhibiting a melanocytic géeslié’:irlz%cwlc markers (5100, Melan A, HMB45): ) p53abn 28 %
melanocytic differentiation componen ) . 3
YA Presence of melanin pigment Muscle markers: negative (currently limited data) 40 1
p53: frequent aberrant expression 41 1

Total: 5
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3. Pilomatrix-like High-Grade Endometrioid Carcinoma (PiMHEC)

Pilomatrix-like high-grade endometrioid carcinoma (PiMHEC) has been described
by Weisman et al. as a variant of FIGO G3 endometrioid carcinoma morphologically
resembling pilomatrix carcinoma, a malignant tumor of hair matrix cell origin [29]. Arciuolo
et al. and Santoro et al. contributed to defining the distinctive features of PIMHEC [30,31].

Histologically, PIMHEC is characterized by solid nests of high-grade basaloid cells
exhibiting ghost cell keratinization, similar to that observed in hair matrix tumor. Ge-
ographic necrosis is commonly found. The solid component of PIMHEC often coexists
with a separate endometrioid component, which supports the endometrioid lineage of the
tumor. Immunohistochemically, the basaloid cells show diffuse nuclear accumulation of
[-catenin) which reflects the presence of an underlying CTNNB1 mutation and is typically
accompanied by CDX2 (caudal-type homeobox transcription factor 2) positivity. Interest-
ingly, the tumor is negative for PAX8 (paired box gene 8) and estrogen and progesterone
receptors, suggesting a loss of Miillerian differentiation; these markers are positive in the
endometrioid component, if present. The expression of CK7 (cytokeratin 7), as well as of
basal/squamous cell markers p63 and p40, is variable. A multifocal expression of neuroen-
docrine markers chromogranin and synaptophysin is frequently observed. PIMHEC is
typically p53-wild-type; MMR-deficiency has been described in a subset of cases [29-31].

The question about whether PIMHEC should be considered as a distinct entity or as
a morphological variant of FIGO G3 endometrioid carcinoma appears clinically relevant.
In our opinion, there are several aspects that support the idea that PIMHEC is in fact a
distinct entity. First of all, PIMHEC shows close resemblance to a neoplasm of another
site, i.e., pilomatrix carcinoma. Immunohistochemistry highlights the loss of Miillerian
differentiation, as discussed above. Moreover, data from the published studies suggest that
PiMHEC may be significantly more aggressive than FIGO G3 endometrioid carcinoma. In
the series by Weisman et al., all patients died of disease within 2 years from diagnosis [29].
This might indicate the need for a more aggressive treatment compared to endometrioid
carcinoma. Finally, PIMHEC shows some distinctive and consistent features that may allow
a reliable differential diagnosis with its mimickers. In our previous study, we tried to
elaborate diagnostic criteria for PIMHEC; these include: solid nests of high-grade basaloid
cells with ghost cell keratinization; the solid nests should not be admixed with a glandular
component (a glandular component can only be present as a separate component); diffuse
nuclear (3-catenin accumulation in the solid nests (no areas of membranous expression);
loss of PAX8 and hormone receptors expression in the solid nests [31].

3.1. Mimickers of PIMHEC Include

High-grade endometrioid carcinoma with a solid pattern and squamous features;
these tumors usually lack ghost cell keratinization, do not show diffuse nuclear (3-catenin
accumulation, and show at least partially retained expression of Miillerian markers [31];

Low-grade endometrioid carcinoma with prominent ghost cell keratinization; ker-
atinization in these cases is typically associated with morular metaplasia; there is an
admixture of squamous and glandular elements, which is also highlighted immunohisto-
chemically (mixed membranous and nuclear (3-catenin expression; patchy positivity for
Miillerian markers) [31];

Serous carcinoma with a solid growth pattern; this tumor is p53-mutant and does not
show keratinization [2,14,42];

UDC/DDC with diffuse nuclear 3-catenin accumulation and areas of “abrupt ker-
atinization”; in these cases, the undifferentiated cells are dyscohesive and organized in
“patternless” sheets; no prominent ghost cell keratinization is usually observed [2,14,31,42];

Neuroendocrine carcinoma; this tumor is diffusely positive for neuroendocrine mark-
ers (which can be multifocally positive in PIMHEC) and does not show ghost cell kera-
tinization [31,42];

Squamous cell carcinoma; this is rare in the endometrium and not associated with
nuclear 3-catenin accumulation or ghost cell keratinization [2,43].
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Further studies are warranted in this field. In Table 2, mimickers of PIMHEC and their
features are summarized.

Table 2. Summary of useful tips for differential diagnosis of PIMHEC mimickers.

Histological Type

Useful Tips for Differential Diagnosis vs. PIMHEC

High-grade endometrioid EC with solid

pattern and squamous features

lacks ghost cell keratinization
- no aberrant nuclear expression of 3-catenin
- atleast focal expression of Miillerian markers

- keratinization is typically associated with morular metaplasia

Low-grade endometrioid EC with prominent - admixture of squamous and glandular elements (highlighted by mixed

ghost cell keratinization

membranous and nuclear 3-catenin expression, and by patchy positivity
for Miillerian markers)

Serous EC with solid growth pattern

- no keratinization
- aberrant p53 expression

UDC/DCC with diffuse nuclear (3-catenin - the undifferentiated cells are dyscohesive and organized in
accumulation and areas of abrupt patternless sheets
keratinization - no ghost cell keratinization

NEC

- no ghost cell keratinization
- diffuse positivity for neuroendocrine markers

Squamous cell carcinoma

- very rare as pure histological type in endometrium
- no ghost cell keratinization
- no aberrant nuclear expression of 3-catenin

3.2. Summary Tips for Histological Diagnosis

PiMHEC is characterized by a solid proliferation of high-grade basaloid cells, associ-
ated with diffuse ghost cell keratinization and extensive geographic necrosis. In most cases,
PiMHEC exhibits a low-grade endometrioid component.

The immunohistochemical profile is characterized by diffuse CKAE1/AE3 expression
and aberrant nuclear 3-catenin expression, typically accompanied by CDX2 positivity.
CK7 and p63 positivity, as well as multifocal neuroendocrine markers expression, may be
variably observed. PAX8 and ER are negative.

In Table 1, histological, immunohistochemical, and molecular features are summarized,
along with the relative references.

4. AFP-Producing Endometrial Carcinoma (AFP-EC)

Some neoplasms, in particular hepatocellular carcinoma and yolk sac tumor, may
produce alpha-fetoprotein (AFP). Interestingly, AFP is physiologically produced by the
yolk sac, fetal liver, and fetal gut, and most AFP-producing tumors from different organs
show morphological resemblance to these fetal structures [44—48].

Otani et al. reported a case series with the literature review of AFP-producing en-
dometrial carcinoma (AFP-EC). They recognized two variants: hepatoid carcinoma and
endometrial carcinoma with a fetal gut-like component; mixed hepatoid and fetal gut-like
features were also described. Endometrial carcinomas with a yolk sac component were
not included in the AFP+ EC category by Otani et al. [18] (please see the next section entitled
“endometrial carcinoma with yolk sac tumor differentiation”).

Hepatoid carcinoma has been recognized as an endometrial carcinoma variant since
1996, despite not being included in the current WHO classification. Hepatoid carcinoma
often shows exophytic growth and lymphovascular space invasion. It is characterized
by tumor cells with prominent eosinophilic or clear cytoplasm and moderate to severe
nuclear atypia; these are arranged in trabeculae with intervening sinusoid-like capillaries,
imparting a striking resemblance to hepatocellular carcinoma [19-21].
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Fetal gut-like component was characterized by tall columnar cells with clear cyto-
plasm arranged in glandular/papillary pattern, reminiscent of the secretory variant of
endometrioid carcinoma; solid areas resembling clear cell carcinoma were also observed.
Unlike hepatoid carcinoma, fetal gut-like carcinoma has not been recognized as an entity in
endometrial carcinoma, but it has been reported as yolk sac tumor [18,22].

On immunohistochemistry, AFP showed variable positivity (from focal to diffuse);
SALLA4 (spalt-like transcription factor 4) was also expressed, at least focally, in all cases.
Diffuse expression of HNF1(3 (hepatocyte nuclear factor 1 beta) accompanied by Napsin A
negativity was observed. PAX8 and CK7 expression was partially or completely lost (while
being retained in the conventional carcinoma component, when present). Estrogen and
progesterone receptors were negative. Most cases were p53 abnormal; no POLE mutations
were found [18]. Interestingly, a subset of cases showed HER2 (human epidermal growth
factor receptor 2) immunohistochemical positivity, suggesting the possibility of a targeted
therapy as it could be performed in serous carcinoma [18,49].

AFP+ EC appears to be aggressive as about half of the reported cases were diag-
nosed at advanced stage. Moreover, AFP+ EC showed aggressive behavior even at early
stage [18-21]. In these tumors, serum AFP could potentially be useful in post-operative
surveillance [18].

Summary Tips for Histological Diagnosis

AFP-EC may show hepatoid (moderate amount of eosinophilic or clear cytoplasm,
nuclei with coarse chromatin and moderate to severe nuclear atypia) or fetal gut-like (tall
columnar cells with large nuclei and clear cytoplasm, arranged in glandular and papillary
pattern) histological aspect.

The immunohistochemical profile is characterized by focal AFP, HNF13, and SALL4
expression. CK7, PAXS8, ER, and PR may be focally positive or negative. P53 usually shows
aberrant expression. Napsin A and p504S are negative. CKAE1/AE3 and CK7 expression,
and focal CDX2 positivity. 3-catenin shows aberrant nuclear expression. PAX8 and ER are
not expressed.

In Table 1, histological, immunohistochemical, and molecular features are summarized,
along with the relative references.

5. Endometrial Carcinoma with Yolk Sac Tumor Differentiation (EC-YST)

Endometrial carcinoma with “yolk sac tumor differentiation” (EC-YST) is another rare
entity which shows at least partial overlap with AFP+ EC. Yolk sac tumor in association with
other somatic tumors has been more widely discussed among ovarian carcinoma [23,50].
For such tumors, the diagnostic term “somatically derived yolk sac tumors” has been
proposed [23].

EC-YST seems to be very similar to its ovarian counterpart. Pathogenesis of these types
of tumors was interpreted as a sort of so-called “neo-metaplasia”, or “retro-differentiation”,
originating from malignant pluripotent somatic stem cells in the context of a somatic
neoplasm [23,24,50].

The few cases of EC-YST described in the literature, mostly in recent times, consist
of single case reports and small case series and may arise both in childbearing age and
postmenopausal women [24-28].

The associated somatic component is mostly represented by high-grade endometrioid
carcinoma and carcinosarcoma. Morphological growth patterns of the yolk sac component
are highly variable, with the most frequent patterns described consisting of microcystic-
reticular patterns or glandular patterns with solid component growth; the typical endoder-
mal (Schiller-Duval) bodies may also be present. Cytological features are highly variable
and heterogeneous, including small cells with minimal cytoplasm to larger cells with cyto-
plasmic clearing; this last aspect must be particularly taken into account in the differential
diagnosis with endometrioid carcinoma with secretory differentiation and clear cell carci-
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noma. Nuclear pleomorphism may be mild to moderate, with occasional severe nuclear
anaplasia, and mitotic index is usually high [24-28].

Immunohistochemistry can help us to identify these entities: SALL4, Glypican-3 and
villin are diffusely expressed in most cases; AFP and PLAP (placental alkaline phosphatase)
are often expressed even if more focally. Isolated expression of one of these markers, such
as SALLA4, Glypican-3, and AFP is not uncommon in endometrial carcinoma without yolk
sac differentiation. However, the co-expression of more than one of these markers suggests
an EC-YST, although the recognition of the characteristic morphological aspects of yolk sac
tumor is fundamental for definitive diagnosis [24-28].

Some clinically aggressive cases of EC-YST have been described in association with
high-grade endometrial carcinoma. However, a prognostic and predictive value of yolk
sac differentiation, independent of other clinicopathologic parameters, has not yet been
highlighted by any study, because of the limited number of cases reported [24-28].

Whether EC-YST should be lumped together with AFP+ EC is a controversial point.
Otani et al. considered the presence of yolk sac differentiation as an exclusion criterion in
the diagnosis of AFP+ EC as yolk sac tumor is a germ cell tumor and thus inconsistent with
a carcinoma [18]. However, as EC-YST demonstrates, the yolk sac component can be the
result of a trans-differentiation of a carcinoma, as it occurs in carcinosarcoma. Moreover,
the fetal gut-like differentiation is a typical feature of yolk sac tumor. In addition, AFP+
ECs assessed by Otani et al. showed co-expression of AFP and SALL4, which is considered
as a feature consistent with a yolk sac component. Finally, hepatoid differentiation is not an
uncommon feature in yolk sac tumor [2,22,24-28]. Further studies are necessary to clarify
this point.

Summary Tips for Histological Diagnosis

EC-YST is usually associated with a somatic component (high-grade endometrioid car-
cinoma and carcinosarcoma) and typically shows reticular, glandular, microcystic, and/or
solid patterns, along with the peculiar presence of endodermal (Schiller-Duval) bodies.

The immunohistochemical profile is characterized by SALL4, Glypican-3, and villin
positivity, along with focal AFP and PLAP expression.

In Table 1, histological, immunohistochemical, and molecular features are summarized,
along with the relative references.

6. Endometrial Carcinoma with Melanocytic Differentiation (ECMD)

Melanocytic differentiation in endometrial and ovarian carcinoma is an extremely rare
phenomenon, although it is likely underrecognized. In fact, melanocytes are known to be
morphologically diverse, and immunohistochemical melanocytic markers are not routinely
tested in endometrioid carcinoma. To the best of our knowledge, only 6 endometrial carci-
nomas and 3 ovarian carcinomas exhibiting a melanocytic component have been reported in
the literature [37—41,51-54]. Two-thirds of cases were diagnosed as carcinosarcomas, while
the remaining cases were serous carcinoma, endometrioid carcinoma, and neuroendocrine
carcinoma, supporting that melanocytic differentiation may occur in different histotypes.
Melanocytic differentiation seems to be associated with aggressive biological behavior
since almost all previously published cases presented at advanced stage or developed
metastases [37-41,51-54].

Given the morphological diversity of melanocytes, identifying melanocytic differentia-
tion in endometrial carcinoma may be challenging. In fact, the melanocytic component in
the published cases ranged from spindle cells to giant pleomorphic cells with eosinophilic
cytoplasm. Two-thirds of cases showed melanin pigment, which would be of great aid in
the diagnosis. All cases were positive for HMB45 (human melanoma black 45) (9/9) and
Melan-A (5/5), while 5100 expression was variable. Other markers found positive were
Cathepsin-K, tyrosinase, and SOX10 (SRY-box transcription factor) [37-41,51-54].

Positivity for melanocytic markers may raise the suspicion of a PEComatous compo-
nent. Immunohistochemical testing for smooth muscle markers, which are usually positive
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in PEComa, may be useful in the differential diagnosis between PEComatous component
and melanocytic component [2,41].

In conclusion, we think pathologists should be aware of the possibility of melanocytic
differentiation in endometrial carcinomas as it can be difficult to recognize but may be
associated with aggressive behavior.

Summary Tips for Histological Diagnosis

ECMDs are endometrial carcinomas exhibiting a melanocytic component, often but
not always accompanied by melanin pigment.

The immunohistochemical profile is characterized by melanocytic markers positivity
and frequent p53 aberrant expression. Muscle markers are negative, allowing exclusion of
a possible PEComa diagnosis.

In Table 1, histological, immunohistochemical and molecular features are summarized,
along with the relative references.

7. Endometrial Carcinoma with Histiocyte-like Tumor Cells (EC-HLTCs)

Dyscohesive tumor cells with wide eosinophilic and vacuolated cytoplasm, vaguely
resembling histiocytes, can focally /multifocally be observed in endometrial carcinomas
with a microcystic, elongated, and fragmented (MELF) pattern of invasion and are typically
associated with acute inflammation. These “histiocyte-like tumor cells” (HLTCs) can also
be found in lymphovascular tumor emboli and in lymph node metastases [55]. Similar
cells may be observed in post-chemotherapy tumor specimens [56]. These HLTCs can
be interpreted as tumor cells with reactive morphological features in the light of their
association with inflammation or therapy.

In rare cases, endometrial carcinoma may show a prominent HLTC component in the
form of diffuse sheets of HLTCs, in the absence of previous therapy. In these cases, the
HLTCs appear as a distinctive tumor component rather than just reactive changes. These
cells may show striking nuclear pleomorphism and sometimes signet ring-like morphology.
In our previous study, we reported four cases of endometrial carcinoma with a prominent
HLTC component. All cases showed a conventional carcinoma component of different
histotypes (gastric-type, clear cell, serous, and gastrointestinal-type) and were at advanced
stage. The HLTCs showed diffuse positivity for CK7 (which was even stronger than in
the conventional carcinoma component) and PAXS8. Adhesion proteins E-cadherin and
[-catenin were partially altered with incomplete membranous or cytoplasmic expression.
At least focal expression of CK20, HNF13, and CK5/6 was observed in the HLTCs in all
cases. However, HLTCs were negative for other gastrointestinal, squamous cell, or clear
cell carcinoma markers. Apocrine, rhabdomyoblastic, and hepatoid markers were negative
as well [17].

Interestingly, the immunophenotype of these HLTCs was similar to the reactive HLTCs
observed in MELF cases and in post-chemotherapy carcinoma specimens. However, MELF-
related HLTCs are focal/multifocal, mainly intraglandular, and associated with acute
inflammation. Chemotherapy-related HLTCs may be diffuse instead; information regarding
prior treatments is therefore necessary to exclude reactive changes [17].

Although the lack of cohesiveness of HLTCs may raise the question of a carcinosar-
coma or a UDC/DDC, the immunophenotype of these cells shows that they retain an
epithelial Miillerian differentiation. Considering that HLTCs (i) may be observed in several
different histotypes, (ii) do not show evidence of trans-differentiation towards a non-
Miillerian cell phenotype, and (iii) are similar to reactive cells, we suggested that they do
not represent a specific entity but a “reactive-like” phenotype seemingly associated with
aggressiveness [17]. Acknowledging the possibility of endometrial carcinomas with an
HLTC component appears necessary to correctly classify these cases.

Current evidence is too limited to decide how to manage endometrial carcinoma with
an HLTC component; however, the only currently available study suggests that HLTCs are
associated with aggressive behavior as all cases were at advanced stage. This might suggest
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that these endometrial carcinomas should be treated as high-risk histotypes, although
further studies are needed in this regard.

Summary Tips for Histological Diagnosis

EC-HLTCs are endometrial carcinomas displaying dyscohesive cells with wide
eosinophilic and vacuolated cytoplasm (i.e., histiocyte-like tumor cells).

The immunohistochemical profile is characterized by PAX8 positivity and strong and
diffuse CKAE1/AE3 and CK7 expression; ER, PR, HNF13, CK20, and CK5/6 may be
variably expressed. E-cadherin and [3-catenin show incomplete membrane staining and/or
cytoplasmic accumulation. CDX2, p63, p40, p504s, and Napsin A are not expressed.

In Table 1 histological, immunohistochemical, and molecular features are summarized,
along with the relative references.

8. High-Grade Corded and Hyalinized Endometrioid Carcinoma (CHEC)

Corded and hyalinized endometrioid carcinoma (CHEC) is a recognized variant of
endometrioid carcinoma characterized by a corded and spindle cell component embed-
ded in a hyaline-to-myxoid stroma; the corded component merges imperceptibly with
a conventional endometrioid component. Although this biphasic pattern may raise the
concern of a carcinosarcoma, the biological behavior of CHEC is analogous to conven-
tional endometrioid carcinoma. The prototypical CHEC is a low-grade tumor, in which
the corded and spindled cells show bland nuclei and low mitotic index. These low-grade
features allow differentiating CHEC from carcinosarcoma [32-35,57-59]. However, CHECs
with high-grade features have been described and may represent a serious diagnostic
challenge [36].

High-grade CHEC are characterized by anastomosing cords of diffusely and markedly
atypical epithelioid cells immersed in a hyaline-to-myxoid stroma, which merge impercep-
tibly with a high-grade endometrioid component. Mitotic activity is evident in the corded
cells, although it may be lower than in the endometrioid component. Similar to prototypical
low-grade CHEC, squamous differentiation is invariably present, and keratinizing features
are often observed within single cells or small cell clusters in the corded component. The
stroma may show osteoid or chondroid changes. Interestingly, the corded component is
usually located at the surface of the tumor and non-myoinvasive.

Immunohistochemically, the corded cells show decreased expression of epithelial
markers and hormone receptors and frequent nuclear accumulation of (3-catenin. Un-
like low-grade CHEC, high-grade CHEC often shows MMR-deficiency or p53-abnormal
expression [35,36].

Although high-grade CHECs may resemble carcinosarcoma or DDC, they show pecu-
liar distinctive features. The most striking of these features obviously is the morphology of
the corded component. Such component differs from the undifferentiated component of
DDC, which is characterized by solid sheets of dyscohesive monomorphic cells showing
a sharp demarcation with a conventional carcinoma component (which is typically low-
grade). Moreover, UDC/DDC often show loss of expression of SWI/SNF proteins, i.e.,
ARID1B, SMARCA4/BRG1, and/or SMARCB1/INI1. On the other hand, carcinosarcoma
often shows a serous carcinoma component and an overt sarcomatous component and
does not show nuclear B-catenin accumulation. In both UDC/DDC and carcinoma, the
non-epithelial component is often diffusely myoinvasive [2,12-16,35,36,42].

With regard to prognosis, it is reasonable to hypothesize that, if low-grade CHEC
behaves similarly to low-grade endometrioid carcinoma, then high-grade CHEC behaves
similarly to FIGO G3 endometrioid carcinoma. Therefore, it might be expected that its
prognosis is affected by the TCGA molecular group and other relevant histopathological
factors such as depth of myometrial infiltration and lymphovascular space invasion. Further
studies are necessary to clarify this point.
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Summary Tips for Histological Diagnosis

CHECs are characterized by the presence of an endometrioid component merging
with a corded component, showing bland appearance and low mitotic activity. Squa-
mous/morular metaplasia is usually prominent.

The immunohistochemical profile is characterized by decreased expression of
CKAE1/AE3 and E-cadherin in the corded component, along with (3-catenin aberrant
nuclear expression. ER and PR are usually negative or only focally expressed in the
corded component.

In Table 1, histological, immunohistochemical and molecular features are summarized,
along with the relative references.

9. Discussion
Ultra-Rare Histological Variants: A Priori Aggressive Histotypes in the 2023 FIGO
Staging System?

Many important advances in the understanding of the pathologic features, precursor
lesions, molecular background, and natural history of endometrial cancer have occurred
since the 2009 FIGO staging system. More data regarding clinical outcome, genetic land-
scape, and biological behavior are now available regarding the several common histological
types [42].

Considering that the histological tumor type is an important prognostic predictor in
endometrial carcinoma and it is used to guide treatment together with grade and stage,
the histopathological findings have a central role in the recent 2023 revision of the FIGO
staging of endometrial carcinoma [60].

Defining the place of rare or emerging variants of endometrial carcinoma in the
current risk stratification system appears of paramount importance. In fact, although any
of these entities is rare, they may constitute a clinically relevant proportion of endometrial
carcinomas if taken together. In our experience, it is not uncommon that pathologists
(even those with experience in gynecological pathology) unsuccessfully try to ascribe these
entities to any of the histotypes described by the WHO. When different pathologists review
these cases, they often make different diagnoses, none of which actually fits the specific case.
This creates confusion for both patients and clinicians regarding the correct management.

The most immediate solution would be to consider all these uncommon variants as a
priori aggressive histotypes. However, while such an approach appears reasonable for some
carcinomas such as EGCC (given its anaplastic morphology), it is not obvious for others
such as high-grade CHEC (which might behave as an endometrioid carcinoma despite
resembling carcinosarcoma). It remains to be defined whether some of the described entities
are morphological variants of other carcinomas or distinct entities requiring different
treatment. It is also unclear how other prognostic parameters, such as depth of myometrial
invasion, lymphovascular space invasion, and molecular class, impact their biological
behavior. For instance, it has been suggested that mismatch repair deficiency is associated
with better prognosis in carcinosarcoma but not in UDC/DDC [42,61,62]. In this regard,
Weisman et al. suggested that mismatch repair deficiency does not improve the prognosis
of PIMHEC [63].

10. Conclusions

To conclude, nearly all the types of endometrial carcinomas discussed in this review
might be better considered, at the state of the art, as rare variants of the established cat-
egories, rather than independent rare types. However, some peculiar features may also
suggest that some of these variants may represent distinct entities, potentially showing a
different prognosis thus requiring a personalized therapeutic approach. By better identifi-
cation and characterization of these EC variants, clinicians can leverage existing treatment
protocols and adapt them to the specific characteristics of these variants or approach them
as entirely novel entities. This could lead to more accurate diagnoses, informed thera-
peutic decisions, and effective management strategies tailored to the unique behavior of
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each variant/entity. Increased awareness and recognition of these variants might also
facilitate earlier interventions and better prognostic assessments, ultimately contributing
to improved survival rates and quality of life for patients diagnosed with endometrial
carcinoma. We hope that our review may promote a more thorough and systematic study
of these rare entities, through multicentric collaborations, in order to better define their
diagnostic criteria, clinicopathological features, biological behavior, and treatment.

Author Contributions: Conception and design: A.S. and G.EZ. Resources and methodology: A.T,,
GS., EIL,D.A. and A.d. Collection and assembly of data: N.D., G.A., G.S., E.B.,, M.V,, AM. and A.d.
Data analysis and interpretation: FA., N.N., B.P.U., G.P. and A.R. Writing—original draft preparation:
AS.,G.A,FIL, AT and A.d. Writing—review and editing: A.S., G.A., EI. and A.T. Supervision: A.S.
and G.EZ. Project administration: G.E.Z. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Crosbie, EJ.; Kitson, S.J.; McAlpine, ].N.; Mukhopadhyay, A.; Powell, M.E.; Singh, N. Endometrial cancer. Lancet 2022, 399,
1412-1428. [CrossRef] [PubMed]

2. WHO C(lassification of Tumours Editorial Board. WHO Classification of Tumours Series, 5th ed.; Female Genital Tumours;
International Agency for Research on Cancer: Lyon, France, 2020; Volume 4.

3.  Mulligan, A.M.; Plotkin, A.; Rouzbahman, M.; Soslow, R.A.; Gilks, C.B.; Clarke, B.A. Endometrial giant cell carcinoma: A case
series and review of the spectrum of endometrial neoplasms containing giant cells. Am. J. Surg. Pathol. 2010, 34, 1132-1138.
[CrossRef] [PubMed]

4. Jones, M.A,; Young, R.H.; Scully, R.E. Endometrial adenocarcinoma with a component of giant cell carcinoma. Int. J. Gynecol.
Pathol. 1991, 10, 260-270. [CrossRef] [PubMed]

5. Arciuolo, D.; Travaglino, A.; Raffone, A.; Santoro, A.; Russo, G.; Minucci, A.; Inzani, F; Mollo, A.; Anchora, L.P.; Fanfani, F; et al.
Endometrial giant cell carcinoma: New insights from a morphological, immunohistochemical, and molecular analysis of three
cases. Virchows Arch. 2022, 481, 321-326. [CrossRef]

6. Aydin, H.A,; Tuncer, H.A.; Erdogan, G.; Simsek, T. Uterine giant cell carcinoma: A case report and review of the literature. J. Turk.
Soc. Obstet. Gynecol. 2019, 16, 76-79. [CrossRef]

7. Arafah, M.; Bokhari, R.A.; Akkour, K.; Raddaoui, E. Giant Cell Carcinoma of the Endometrium: A Case Report of a Rare Entity
with Aggressive Behavior. Am. J. Case Rep. 2021, 22, €932916. [CrossRef]

8. Bhattacharyya, A.; Gon, S.; Bandyopadhyay, G.; Majumdar, B.; Gayen, P. Giant cell carcinoma of endometrium: A rare clinical
entity. Iran J. Pathol. 2012, 7, 197-202.

9.  Johannesen, E.; Nguyen, V. Malignant mixed Mullerian tumor with an endometrioid adenocarcinoma with a component of giant
cell carcinoma: A case report and literature review. J. Clin. Exp. Pathol. 2015, 5, 212.

10. Sharma, P; Ahluwalia, C.; Kolte, S.; Mandal, A.K. Giant cell carcinoma of endometrium: A rare case report and review of
literature. Clin. Cancer Investig. J. 2016, 5, 79-82.

11. Agaimy, A. Pleomorphic (giant cell) carcinoma revisited: A historical perspective and conceptual reappraisal. Semin. Diagn.
Pathol. 2021, 38, 187-192. [CrossRef]

12. Travaglino, A.; Raffone, A.; Mascolo, M.; Guida, M.; Insabato, L.; Zannoni, G.F,; Zullo, F. TCGA Molecular Subgroups in
Endometrial Undifferentiated /Dedifferentiated Carcinoma. Pathol. Oncol. Res. 2020, 26, 1411-1416. [CrossRef] [PubMed]

13. Tessier-Cloutier, B.; Kommoss, EK.; Kolin, D.L.; Némejcova, K.; Smith, D.; Pors, J.; Stewart, C.J.; McCluggage, W.G.; Foulkes,
W.D.; von Deimling, A.; et al. Dedifferentiated and Undifferentiated Ovarian Carcinoma: An Aggressive and Molecularly Distinct
Ovarian Tumor Characterized by Frequent SWI/SNF Complex Inactivation. Mod. Pathol. 2024, 37, 100374. [CrossRef] [PubMed]

14.  Murali, R.; Davidson, B.; Fadare, O.; Carlson, J.A.; Crum, C.P,; Gilks, C.B.; Irving, J.A.; Malpica, A.; Matias-Guiu, X.; McCluggage,
W.G,; et al. High-grade Endometrial Carcinomas: Morphologic and Immunohistochemical Features, Diagnostic Challenges and
Recommendations. Int. J. Gynecol. Pathol. 2019, 38 (Suppl. S1), S40-S63. [CrossRef] [PubMed]

15. Travaglino, A.; Raffone, A.; Gencarelli, A.; Mollo, A.; Guida, M.; Insabato, L.; Santoro, A.; Zannoni, G.F; Zullo, F. TCGA
Classification of Endometrial Cancer: The Place of Carcinosarcoma. Pathol. Oncol. Res. 2020, 26, 2067-2073. [CrossRef] [PubMed]

16. Huvila, ].M.; Jamieson, A.M.; Pors, J.; Hoang, L.; Mirkovic, J.; Cochrane, D.; McAlpine, ].N.; Gilks, C.B. Endometrial Carcinosarco-

mas are Almost Exclusively of p53abn Molecular Subtype after Exclusion of Mimics. Int. |. Gynecol. Pathol. 2024, 43, 506-514.
[CrossRef]


https://doi.org/10.1016/S0140-6736(22)00323-3
https://www.ncbi.nlm.nih.gov/pubmed/35397864
https://doi.org/10.1097/PAS.0b013e3181e6579c
https://www.ncbi.nlm.nih.gov/pubmed/20588176
https://doi.org/10.1097/00004347-199107000-00005
https://www.ncbi.nlm.nih.gov/pubmed/1917275
https://doi.org/10.1007/s00428-022-03310-x
https://doi.org/10.4274/tjod.galenos.2018.31855
https://doi.org/10.12659/AJCR.932916
https://doi.org/10.1053/j.semdp.2021.09.003
https://doi.org/10.1007/s12253-019-00784-0
https://www.ncbi.nlm.nih.gov/pubmed/31811476
https://doi.org/10.1016/j.modpat.2023.100374
https://www.ncbi.nlm.nih.gov/pubmed/37925057
https://doi.org/10.1097/PGP.0000000000000491
https://www.ncbi.nlm.nih.gov/pubmed/30550483
https://doi.org/10.1007/s12253-020-00829-9
https://www.ncbi.nlm.nih.gov/pubmed/32472441
https://doi.org/10.1097/PGP.0000000000001010

Int. J. Mol. Sci. 2024, 25, 10320 14 of 16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Travaglino, A.; Arciuolo, D.; Raffone, A.; Santoro, A.; Piermattei, A.; Navarra, E.; Minucci, A.; Mascolo, M.; Scaglione, G.;
D’alessandris, N.; et al. Endometrial carcinomas with dyshesive, eosinophilic, and vacuolated (histiocyte-like) tumor cells: A
reactive-like phenotype associated with aggressive behavior. Virchows Arch. 2022, 482, 635-640. [CrossRef]

Otani, T.; Murakami, K.; Shiraishi, N.; Hagiyama, M.; Satou, T.; Matsuki, M.; Matsumura, N.; Ito, A. a-Fetoprotein-Producing
Endometrial Carcinoma Is Associated with Fetal Gut-like and/or Hepatoid Morphology, Lymphovascular Infiltration, TP53
Abnormalities, and Poor Prognosis: Five Cases and Literature Review. Front. Med. 2021, 8, 799163. [CrossRef]

Takeuchi, K.; Kitazawa, S.; Hamanishi, S.; Inagaki, M.; Murata, K. A case of alpha-fetoprotein-producing adenocarcinoma of the
endometrium with a hepatoid component as a potential source for alpha-fetoprotein in a postmenopausal woman. Int. |. Gynecol.
Cancer 2006, 16, 1442-1445. [CrossRef]

Toyoda, H.; Hirai, T.; Ishii, E. Alpha-fetoprotein producing uterine corpus carcinoma: A hepatoid adenocarcinoma of the
endometrium. Pathol. Int. 2000, 50, 847-852. [CrossRef]

Hoshida, Y.; Nagakawa, T.; Mano, S.; Taguchi, K.; Aozasa, K. Hepatoid Adenocarcinoma of the Endometrium Associated with
Alpha-Fetoprotein Production. Int. J. Gynecol. Pathol. 1996, 15, 266-269. [CrossRef]

Fadare, O.; Shaker, N.; Alghamdi, A.; Ganesan, R.; Hanley, K.Z.; Hoang, L.N.; Hecht, ].L.; Ip, PP.; Shaker, N.; Roma, A.A; et al.
Endometrial tumors with yolk sac tumor-like morphologic patterns or immunophenotypes: An expanded appraisal. Mod. Pathol.
2019, 32, 1847-1860. [CrossRef] [PubMed]

McNamee, T.; Damato, S.; McCluggage, W.G. Yolk sac tumours of the female genital tract in older adults derive commonly from
somatic epithelial neoplasms: Somatically derived yolk sac tumours. Histopathology 2016, 69, 739-751. [CrossRef]

Damato, S.; Haldar, K.; McCluggage, W.G. Primary Endometrial Yolk Sac Tumor with Endodermal-Intestinal Differentiation
Masquerading as Metastatic Colorectal Adenocarcinoma. Int. J. Gynecol. Pathol. 2016, 35, 316-320. [CrossRef] [PubMed]

Oguri, H.; Sumitomo, R.; Maeda, N.; Fukaya, T.; Moriki, T. Primary yolk sac tumor concomitant with carcinosarcoma originating
from the endometrium: Case report. Gynecol. Oncol. 2006, 103, 368-371. [CrossRef] [PubMed]

Qzler, A.; Dogan, S.; Mamedbeyli, G.; Rahatli, S.; Haberal, A.N.; Dursun, P.; Ayhan, A. Primary yolk sac tumor of endometrium:
Report of two cases and review of literature. J. Exp. Ther. Oncol. 2015, 11, 5-9.

Rossi, R.; Stacchiotti, D.; Bernardini, M.G.; Calvieri, G.; Voi, R.L. Primary yolk sac tumor of the endometrium: A case report and
review of the literature. Am. J. Obstet. Gynecol. 2011, 204, e3—e4. [CrossRef]

Wang, C.; Li, G,; Xi, L.; Gu, M.; Ma, D. Primary yolk sac tumor of the endometrium. Int. ]. Gynecol. Obstet. 2011, 114, 291-293.
[CrossRef]

Weisman, P,; Park, K.J.; Xu, J. FIGO grade 3 endometrioid adenocarcinomas with diffusely aberrant 3-Catenin expression: An
aggressive subset resembling cutaneous pilomatrix carcinomas. Int. J. Gynecol. Pathol. 2021, 41, 126-131. [CrossRef]

Arciuolo, D.; Travaglino, A.; Santoro, A.; Roberti, P.T.; Raffone, A.; Inzani, F.; Zannoni, G.F. Pilomatrix-like High-grade Endometri-
oid Carcinoma is a Morphologically and Immunophenotypically Distinct Entity and May Show Mismatch Repair Deficiency. Int.
J. Gynecol. Pathol. 2023, 42, 68-69. [CrossRef]

Santoro, A.; Travaglino, A.; Valente, M.; Arciuolo, D.; Scaglione, G.; D’alessandris, N.; Sfregola, S.; Addante, F.; Fulgione, C.;
Raffone, A.; et al. Pilomatrix-like High-Grade Endometrioid Carcinoma of the Ovary: Case Report, Literature Review, and
Differential Diagnosis. Diagnostics 2022, 12, 3146. [CrossRef]

Murray, S.K.; Clement, P.B.; Young, R.H. Endometrioid carcinomas of the uterine corpus with sex cord-like formations, hyaliniza-
tion, and other unusual morphologic features: A report of 31 cases of a neoplasm that may be confused with carcinosarcoma and
other uterine neoplasms. Am. . Surg Pathol. 2005, 29, 157-166. [CrossRef] [PubMed]

Sun, Y.H.; Tang, S.X.; Wang, L.; Yan, Y.B.; Zhou, X.R. Endometrioid carcinoma with sex cord-like formations and hyalinization of
the uterine corpus: A clinicopathologic analysis of 5 cases. Zhonghua Bing Li Xue Za Zhi 2016, 45, 297-301. [PubMed]

Safdar, N.S.; Thompson, E.E,; Gilks, C.B.; Isacson, C.; Bennett, J.A.; Clarke, B.; Young, R.H.; Oliva, E. Corded and Hyalinized and
Spindled Endometrioid Endometrial Carcinoma: A Clinicopathologic and Molecular Analysis of 9 Tumors Based on the TCGA
Classifier. Am. J. Surg. Pathol. 2021, 45, 1038-1046. [CrossRef]

Travaglino, A.; Arciuolo, D.; Santoro, A.; Raffone, A.; Raimondo, D.; Casadio, P.; Seracchioli, R.; Fulgione, C.; Guida, M.; Mollo,
A_; etal. Corded and hyalinized endometrioid carcinoma: Summary of clinical, histological, immunohistochemical and molecular
data. Pathol.-Res. Pract. 2023, 247, 154515. [CrossRef]

Travaglino, A.; Arciuolo, D.; Santoro, A.; Raffone, A.; Anchora, L.P,; Piermattei, A.; Martinelli, M.; Mollo, A.; Onori, M.E.; Minucci,
A.; et al. Corded and hyalinized endometrioid endometrial carcinoma with high-grade features: A clinicopathological and
TCGA-based molecular analysis. Virchows Arch. 2023, 482, 671-678. [CrossRef] [PubMed]

Amant, F; Moerman, P.; Davel, G.H.; De Vos, R.; Vergote, I; Lindeque, B.G.; de Jonge, E. Uterine Carcinosarcoma with Melanocytic
Differentiation. Int. J. Gynecol. Pathol. 2001, 20, 186-190. [CrossRef]

Kajo, K.; Zubor, P; Spacek, J.; Ryska, A. Carcinosarcoma of the uterus with melanocytic differentiation. Pathol.-Res. Pract. 2007,
203, 753-758. [CrossRef]

Berezovskiy, D.; Vlasak, P.; Kost'un, J.; Bouda, J.; Presl, J. Carcinosarcoma of the endometrium with melanocytic differentiation,
case report. Ceska Gynekol. 2017, 82, 390-395.

Yamada, R.; Shimokawa, R.; Sato, T.; Mikami, Y. Endometrial carcinosarcoma with melanocytic differentiation. Pathol. Int. 2022,
72,382-384. [CrossRef] [PubMed]


https://doi.org/10.1007/s00428-022-03411-7
https://doi.org/10.3389/fmed.2021.799163
https://doi.org/10.1111/j.1525-1438.2006.00613.x
https://doi.org/10.1046/j.1440-1827.2000.01124.x
https://doi.org/10.1097/00004347-199607000-00012
https://doi.org/10.1038/s41379-019-0341-6
https://www.ncbi.nlm.nih.gov/pubmed/31375771
https://doi.org/10.1111/his.13021
https://doi.org/10.1097/PGP.0000000000000236
https://www.ncbi.nlm.nih.gov/pubmed/26598980
https://doi.org/10.1016/j.ygyno.2006.04.024
https://www.ncbi.nlm.nih.gov/pubmed/16814851
https://doi.org/10.1016/j.ajog.2010.12.014
https://doi.org/10.1016/j.ijgo.2011.03.020
https://doi.org/10.1097/PGP.0000000000000775
https://doi.org/10.1097/PGP.0000000000000859
https://doi.org/10.3390/diagnostics12123146
https://doi.org/10.1097/01.pas.0000149704.89463.05
https://www.ncbi.nlm.nih.gov/pubmed/15644772
https://www.ncbi.nlm.nih.gov/pubmed/27142909
https://doi.org/10.1097/PAS.0000000000001737
https://doi.org/10.1016/j.prp.2023.154515
https://doi.org/10.1007/s00428-022-03472-8
https://www.ncbi.nlm.nih.gov/pubmed/36550216
https://doi.org/10.1097/00004347-200104000-00012
https://doi.org/10.1016/j.prp.2007.05.010
https://doi.org/10.1111/pin.13233
https://www.ncbi.nlm.nih.gov/pubmed/35583176

Int. J. Mol. Sci. 2024, 25, 10320 15 of 16

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Arciuolo, D,; Travaglino, A.; Santoro, A.; Raffone, A.; Anchora, L.P; Fanfani, F.; Inzani, F; Zannoni, G.F. Endometrial carcinoma
with diffuse melanocytic differentiation: Clinicopathological and molecular analysis of a case with literature review and focus on
differential diagnosis. Pathol.-Res. Pract. 2022, 238, 154122. [CrossRef]

Santoro, A.; Angelico, G.; Travaglino, A.; Inzani, F; Arciuolo, D.; Valente, M.; D’alessandris, N.; Scaglione, G.; Fiorentino, V.;
Raffone, A.; et al. New Pathological and Clinical Insights in Endometrial Cancer in View of the Updated ESGO/ESTRO/ESP
Guidelines. Cancers 2021, 13, 2623. [CrossRef] [PubMed]

Hopkins, M.R.; Palsgrove, D.N.; Ronnett, B.M.; Vang, R.; Lin, J.; Murdock, T.A. Molecular Analysis of HPV-independent
Primary Endometrial Squamous Cell Carcinoma Reveals TP53 and CDKN2A Comutations: A Clinicopathologic Analysis with
Re-evaluation of Diagnostic Criteria. Am. J. Surg. Pathol. 2022, 46, 1611-1622. [CrossRef] [PubMed]

Glowska-Ciemny, J.; Szymariski, M.; Kuszerska, A.; Malewski, Z.; von Kaisenberg, C.; Kocylowski, R. The Role of Alpha-
Fetoprotein (AFP) in Contemporary Oncology: The Path from a Diagnostic Biomarker to an Anticancer Drug. Int. ]. Mol. Sci.
2023, 24, 2539. [CrossRef] [PubMed]

Hu, X; Chen, R.; Wei, Q.; Xu, X. The Landscape of Alpha Fetoprotein in Hepatocellular Carcinoma: Where Are We? Int. J. Biol.
Sci. 2022, 18, 536-551. [CrossRef]

Zhang, J.; Wang, L.; Zhang, S.; Cao, R.; Zhao, Y.; Zhao, Y; Song, Y.; Guo, Z. Alpha-fetoprotein predicts the treatment efficacy of
immune checkpoint inhibitors for gastric cancer patients. BMC Cancer 2024, 24, 266. [CrossRef]

Shore, K.T.; Phelps, K.C.; Balani, J.; Mitchell, ].M. Alpha-Fetoprotein-Producing Esophageal Adenocarcinoma with Enteroblastic,
Yolk Sac Tumor-like, and Hepatoid Carcinoma Differentiation: A Rare Case and Literature Review. Int. J. Surg. Pathol. 2023, 31,
884-889. [CrossRef]

Young, RH.M.; Wong, A.M.; Stall, ].N. Yolk Sac Tumor of the Ovary: A Report of 150 Cases and Review of the Literature. Am. J.
Surg. Pathol. 2021, 46, 309-325. [CrossRef]

Otani, T.; Matsumura, N.; Ito, A. HER2-amplified endometrial carcinoma and AFP-producing endometrial carcinoma. Mod.
Pathol. 2022, 35, 2027-2028. [CrossRef]

Nogales, FF; Prat, J.; Schuldt, M.; Cruz-Viruel, N.; Kaur, B.; D’Angelo, E.; Matias-Guiu, X.; Vidal, A.; McCluggage, W.G;
Oosterhuis, J.W. Germ cell tumour growth patterns originating from clear cell carcinomas of the ovary and endometrium:
A comparative immunohistochemical study favouring their origin from somatic stem cells. Histopathology 2018, 72, 634—647.
[CrossRef]

Garcia-Galvis, O.F,; Cabrera-Ozoria, C.; Fernandez, J.A.; Stolnicu, S.; Nogales, EF. Nogales, Malignant Miillerian mixed tumor
of the ovary associated with yolk sac tumor, neuroepithelial and trophoblastic differentiation (teratoid carcinosarcoma). Int. J.
Gynecol. Pathol. 2008, 27, 515-520. [CrossRef]

Roma, A.A.; Malpica, A.; Deavers, M.T. Malignant melanoma arising in an ovarian carcinosarcoma: Case report and review of the
literature. Int. ]. Gynecol. Pathol. 2011, 30, 158-162. [CrossRef] [PubMed]

Guimar, L.C; Garcia, PL.; Castro, J.B.; Meneses, A.C.O. Primary endometrial large cell neuroendocrine carcinoma with
melanocytic differentiation. Autops. Case Rep. 2018, 8, €2018041. [CrossRef] [PubMed]

Xu, J.M.; Weisman, P.S. Divergent Malignant Melanocytic Differentiation in Ovarian Endometrioid Adenocarcinoma with
Aberrant 3-Catenin Expression: A Case Expanding the Histologic Spectrum of 3-Catenin Activated Gynecologic Neoplasia. Int.
J. Gynecol. Pathol. 2024, 43, 302-307. [CrossRef] [PubMed]

Han, G.; Lim, D.; Leitao, M.M.,, Jr.; Abu-Rustum, N.R.; Soslow, R.A. Histological features associated with occult lymph node
metastasis in FIGO clinical stage I, grade I endometrioid carcinoma. Histopathology 2014, 64, 389-398. [CrossRef]

McCluggage, W.G.; Lyness, RW.; Atkinson, R.J.; Dobbs, S.P.; Harley, I.; McClelland, H.R.; Price, ].H. Morphological effects of
chemotherapy on ovarian carcinoma. J. Clin. Pathol. 2002, 55, 27-31. [CrossRef]

Rabban, ].T.; Gilks, C.B.; Malpica, A.; Matias-Guiu, X.; Mittal, K.; Mutter, G.L.; Oliva, E.; Parkash, V.; Ronnett, B.M.; Staats, P; et al.
Issues in the Differential Diagnosis of Uterine Low-grade Endometrioid Carcinoma, Including Mixed Endometrial Carcinomas:
Recommendations from the International Society of Gynecological Pathologists. Int. . Gynecol. Pathol. 2019, 38 (Suppl. S1),
525-539. [CrossRef] [PubMed]

Wani, Y.; Saegusa, M.; Notohara, K. Aberrant nuclear beta-catenin expression in the spindle or corded cells in so-called corded
and hyalinized endometrioid carcinomas. Another critical role of the unique morphological feature. Histol. Histopathol. 2009, 24,
149-155.

Ladwig, N.R.; Umetsu, S.E.M.; Zaloudek, C.; Rabban, ].M.; Garg, K. Corded and Hyalinized Endometrioid Adenocarcinoma
(CHEC) of the Uterine Corpus are Characterized by CTNNB1 Mutations and Can Show Adverse Clinical Outcomes. Int. J.
Gynecol. Pathol. 2021, 40, 103-115. [CrossRef]

Berek, J.S.; Matias-Guiu, X.; Creutzberg, C.; Fotopoulou, C.; Gaffney, D.; Kehoe, S.; Lindemann, K.; Mutch, D.; Concin, N.;
Endometrial Cancer Staging Subcommittee, FIGO Women'’s Cancer Committee. FIGO staging of endometrial cancer: 2023. Int. |.
Guynecol. Obstet. 2023, 162, 383-394. [CrossRef]

Segura, S.E.; Pedra Nobre, S.; Hussein, Y.R.; Abu-Rustum, N.R.; Weigelt, B.; Soslow, R.A.; DeLair, D.F. DNA Mismatch
Repair-deficient Endometrial Carcinosarcomas Portend Distinct Clinical, Morphologic, and Molecular Features Compared with
Traditional Carcinosarcomas. Am. J. Surg. Pathol. 2020, 44, 1573-1579. [CrossRef]


https://doi.org/10.1016/j.prp.2022.154122
https://doi.org/10.3390/cancers13112623
https://www.ncbi.nlm.nih.gov/pubmed/34073635
https://doi.org/10.1097/PAS.0000000000001970
https://www.ncbi.nlm.nih.gov/pubmed/36069815
https://doi.org/10.3390/ijms24032539
https://www.ncbi.nlm.nih.gov/pubmed/36768863
https://doi.org/10.7150/ijbs.64537
https://doi.org/10.1186/s12885-024-11999-z
https://doi.org/10.1177/10668969221142041
https://doi.org/10.1097/PAS.0000000000001793
https://doi.org/10.1038/s41379-022-01156-x
https://doi.org/10.1111/his.13426
https://doi.org/10.1097/PGP.0b013e31817b06c7
https://doi.org/10.1097/PGP.0b013e3181f9eba5
https://www.ncbi.nlm.nih.gov/pubmed/21293284
https://doi.org/10.4322/acr.2018.041
https://www.ncbi.nlm.nih.gov/pubmed/30775319
https://doi.org/10.1097/PGP.0000000000000992
https://www.ncbi.nlm.nih.gov/pubmed/37922945
https://doi.org/10.1111/his.12254
https://doi.org/10.1136/jcp.55.1.27
https://doi.org/10.1097/PGP.0000000000000512
https://www.ncbi.nlm.nih.gov/pubmed/30550482
https://doi.org/10.1097/PGP.0000000000000671
https://doi.org/10.1002/ijgo.14923
https://doi.org/10.1097/PAS.0000000000001561

Int. J. Mol. Sci. 2024, 25, 10320 16 of 16

62. Santoro, A.; Angelico, G.; Travaglino, A.; Raffone, A.; Arciuolo, D.; D’Alessandris, N.; Inzani, F.; Zannoni, G.F. Clinico-pathological
significance of TCGA classification and SWI/SNF proteins expression in undifferentiated /dedifferentiated endometrial carcinoma:
A possible prognostic risk stratification. Gynecol. Oncol. 2021, 161, 629-635. [CrossRef] [PubMed]

63. Xu,].; Park, KJ.; Weisman, P.S. An Expanded Series of Pilomatrix-like High-grade Endometrioid Carcinoma (PiMHEC), Including
Both MMR Deficient and MMR Proficient Cases. Int. |. Gynecol. Pathol. 2024, 43, 67-69. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ygyno.2021.02.029
https://www.ncbi.nlm.nih.gov/pubmed/33712277
https://doi.org/10.1097/PGP.0000000000000955
https://www.ncbi.nlm.nih.gov/pubmed/37192144

	Introduction 
	Endometrial Giant Cell Carcinoma (EGCC) 
	Pilomatrix-like High-Grade Endometrioid Carcinoma (PiMHEC) 
	Mimickers of PiMHEC Include 
	Summary Tips for Histological Diagnosis 

	AFP-Producing Endometrial Carcinoma (AFP-EC) 
	Endometrial Carcinoma with Yolk Sac Tumor Differentiation (EC-YST) 
	Endometrial Carcinoma with Melanocytic Differentiation (ECMD) 
	Endometrial Carcinoma with Histiocyte-like Tumor Cells (EC-HLTCs) 
	High-Grade Corded and Hyalinized Endometrioid Carcinoma (CHEC) 
	Discussion 
	Conclusions 
	References

