Chapter 2
Classification of Endometrial Carcinoma

Sigurd F. Lax

A Putative Pathogenetic Model for Endometrial Carcinoma

A simplified model has been developed based on clinicopathologic and molecular
parameters in order to better understand endometrial tumorigenesis. According to
this model, (Table 2.1) there are two types of endometrial carcinoma that are
characterized by distinct features and that develop along different pathways
(Table 2.2). Type I carcinomas, which account for the great majority of endometrial
carcinomas (approximately 80-90%), are characterized by low stage at diagnosis
and a favorable clinical course. They typically develop in a normal-sized or a
myohyperplastic uterus and are associated with disordered proliferative or hyper-
plastic endometrium. The latter reflects unopposed estrogenic stimulation, which
may be caused by persistent follicles due to anovulatory cycles, an estrogen pro-
ducing tumor such as adult granulosa cell tumor, endogenous estrogen production
by the aromatase of adipose tissue in the setting of high body mass index, or
hormone replacement therapy by pure estrogens. Thus, the typical age of a patient
with type I carcinoma is in the peri- and postmenopausal period. The patients also
have elevated levels of free estrogen in the serum [5]. Histologically, type I car-
cinomas are endometrioid adenocarcinoma, including its variants and mucinous
carcinoma, and are mostly low histological grade (good or moderate histopatho-
logic differentiation). Atypical endometrial hyperplasia/endometrioid intraepithelial
neoplasia (EIN) is considered the precursor lesion. The fact that these carcinomas
usually highly express estrogen (ER) and progesterone receptors (PR) further
underlines their relationship to an estrogenic pathway.
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Table 2.1 Histopathologic classification of endometrial carcinoma (WHO 2014) [1]

Histological type ICD-O
Endometrioid adenocarcinoma 8380/3
Endometrioid adenocarcinoma-variants
With squamous differentiation
Secretory variant 8570/3
Villoglandular variant 8263/3
Ciliated cell variant 8382/3
Mucinous adenocarcinoma 8480/3
Serous endometrial intraepithelial carcinoma (SEIC) 844172
Serous adenocarcinoma 8441/3
Clear cell adenocarcinoma 8310/3
Mixed cell adenocarcinoma 8323/3
Undifferentiated carcinoma 8020/3
Monomorphic type
Dedifferentiated type (dedifferentiated carcinoma)
Neuroendocrine tumors
Well differentiated neuroendocrine tumor (carcinoid tumor) 8240/3
Poorly differentiated small cell neuroendocrine carcinoma 80412/3
Poorly differentiated large cell neuroendocrine carcinoma 8013/3

Table 2.2 An expanded dualistic model for endometrial carcinoma

Features Type I carcinoma Type 1I carcinoma

Estrogen-related Yes No

Endometrial histology Usually hyperplastic or disordered Usually atrophic
proliferative

Estrogen- and Usually positive Usually negative or

progesterone receptors weakly positive

Age (median) 55-65 years 65-75 years

Stage Mostly stage 1 Mostly stages II-1V

Prognosis Favorable Unfavorable

Histological type

Endometrioid + variants; Mucinous

Serous, clear cell

PTEN inactivation
Microsatellite instability
B-catenin mutations
K-ras mutations

Molecular alterations

P53 mutations
E-cadherin inactivation

Molecular type according | Hypermutated, copy number low

to TCGA (endometrioid-like)

Copy number high
(serous like)
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In contrast, type II carcinomas are diagnosed at high stage and are aggressive
tumors with a poor outcome. The histologic prototype is serous carcinoma, but clear
cell and undifferentiated carcinomas are also considered type II carcinomas. These
tumors are usually not related to estrogenic stimulation, as reflected by the fol-
lowing features: they usually occur in an atrophic uterus and are associated with
atrophic or inactive endometrium; they may occur in atrophic polyps; serum
estrogen is low in these patients; in addition, ER and PR immunoreactivity is weak
or negative. Serous endometrial intraepithelial carcinoma (SEIC) had been con-
sidered the precursor of serous carcinoma. Recently, our concept of SEIC has
transitioned to a non-invasive carcinoma, since it is frequently associated with
extensive extrauterine disease. In this setting, SEIC may be part of pelvic serous
carcinoma without a clear site of origin. For other type II carcinomas putative
precursors are unknown, although EIC has been found in a subset of clear cell
carcinomas. In addition to SEIC, a less atypical lesion has been characterized and
described as dysplasia [6-9].

Type I and type II carcinomas are also distinct on the molecular level [3]. Most
type I carcinomas are characterized by minor changes in the genome as evidenced
by a low number of somatic copy number alterations, whereas most type II car-
cinomas are characterized by major changes in the genome, such as a high number
of somatic copy number alterations and aneuploidy. Frequent mutations of PTEN
(>50%), K-RAS (20-30%), ARID1A (40% of low grade endometrioid carcinomas),
CTNNBI (B-catenin) (30%) and PIK3RI (20-45%) are typical for type I carcino-
mas, whereas mutations of TP53 (80-90%), FBXW7 (20-30%) and PPP2RI1A (20—
30%) are more frequently found in type II carcinomas [10-16]. In addition, a
mutator phenotype leading to microsatellite instability (MSI) is found in 25-40% of
type I carcinomas, but is very rare in type II carcinomas (<5%). Microsatellite
instability leads to frameshift mutations in repetitive sequences, which may be
located in crucial genes such as Bax, an apoptosis related gene [17]. On the other
hand, mutations of PIK3CA are almost equally found in type I and type II carci-
nomas [18-20], and TP53 mutations can found in a subset of type I carcinomas,
grade 3 endometrioid adenocarcinoma (30%) [13].

The studies of The Cancer Genome Atlas (TCGA) project revealed four prog-
nostic groups of endometrial carcinoma, of which tumors with “serous-like”
genomic changes, particularly high copy number changes, had the worst prognosis.
Tumors with mutations in the polymerase E gene (POLE) had an excellent prog-
nosis; the prognosis of tumors with low copy number changes and of hypermutated
tumors was in between [21]. Recent studies reported POLE mutations in
endometrial carcinomas with serous and high grade endometrioid phenotypes that
had an excellent prognosis [22]. Subsequently, a novel molecular based classifi-
cation system for endometrial carcinoma has been proposed, including immuno-
histochemistry for p53 and mismatch repair proteins, as well as mutational analysis
for POLE [23].

Although clear cell carcinoma is considered biologically and clinically a type II
carcinoma, it shares some molecular alterations with type I carcinoma, in particular
PTEN mutations (30—40%) and loss of ARIDIA expression, but without mutations
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(25%) [24, 25]. A recent study found a serous-like mutation profile of clear cell
carcinoma with concurrent mutations in 7P53 and PPP2RIA, but wild type
ARIDIA, PTEN, CTNNBI and POLE [26].

In summary, type I carcinoma seems to follow an adenoma-carcinoma sequence,
developing from atypical hyperplasia/EIN and progressing from low grade to high
grade carcinoma. Some of the molecular changes, such as mutations in PTEN,
K-RAS and ARIDI1A, seem to occur early, particularly in atypical hyperplasia and
grade 1 endometrioid adenocarcinoma; others, such as TP53 mutations, seem to
represent late events since they occur in high grade endometrioid adenocarcinoma
[13, 14, 27]. In contrast, serous carcinoma seems to develop de novo from atrophic
endometrium through SEIC [28]. Mutations of TP53, PIK3CA, FBXW7 and
PPP2RIA as well as overexpression of cyclin El are considered early events in the
development of serous carcinoma since they are present in SEIC [16, 29, 30]. Some
of these genetic alterations seem to be strong drivers of tumorigenesis. In particular,
mutated TP53 seems to be a strong driver for growth in serous carcinoma that leads
to a strong selective advantage. The diffuse strong or flat negative immunoreac-
tivity, briefly called “all or null pattern”, is characteristic for TP53 mutations and
seems to reflect an early clonal expansion that involves the whole tumor.

Histopathologic Classification

Endometrioid Adenocarcinoma

Endometrioid adenocarcinoma is by the far most frequent histologic type of
endometrial carcinoma [1, 31, 32]. It typically displays glandular, papillary or solid
patterns (Fig. 2.1). The glandular structures are typically well formed and show
regular luminal borders resembling the glands of non-neoplastic endometrium. The
nuclei are elongated and pseudostratified or round. Villous and papillary structures
are commonly found and need to be distinguished from the papillae of serous
carcinoma.

Endometrioid adenocarcinoma may be associated with various types of cellular
differentiation that do not have clinical significance. Nevertheless, it is important to
be aware of these histologic features, and they should be included in the pathology
report since they may help in recognition of a local recurrence or metastasis.
Squamous differentiation occurs in about 10-25% of endometrioid adenocarci-
nomas and may present as focal morular structures within glandular lumens
(Figs. 2.1 and 2.2) or as confluent sheets [33]. Squamous differentiation may be
characterized by polygonal or spindle cells resembling squamous differentiation in
the uterine cervix. Other characteristics include intercellular bridges and the for-
mation of squamous pearls. The squamous areas often have bland or slightly
polymorphic nuclei, but the degree of atypia usually concurs with the histopatho-
logic grade of the tumor [34]. Extensive immature squamous differentiation may
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Fig. 2.1 FIGO grade 2 endometrioid adenocarcinoma with glandular and solid patterns (a). The
glands are well formed and have regular luminal borders (b). A small focus of squamous
differentiation is present (arrow). Estrogen receptor immunoreactivity is strong in the glandular
area and weak in the solid area (¢), PTEN immunoreactivity is lost in the tumor, but present in the
stromal cells (d)

Fig. 2.2 Endometrioid adenocarcinoma with squamous differentiation (a). Secretory variant of
endometrioid adenocarcinoma with cytoplasmic vacuoles resembling early secretory phase (b).
Lymphvascular space involvement (LVSI) (¢) and a microcystic elongated and fragmented glandular
pattern (d) as poor prognostic factors in histologically low grade endometrioid adenocarcinomas
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significantly influence the histopathologic grade of a carcinoma if it is not recog-
nized and is misinterpreted as solid non-squamous growth [35]. For the differen-
tiation of these two, it is helpful to take into account the nuclear atypia of the solid
area. Ki-67 can be used as an adjunct since its labeling index is low in low grade
“metaplastic” squamous areas, but high in solid non-squamous structures. Poorly
differentiated endometrioid adenocarcinoma with squamous differentiation (the
former “adenosquamous carcinoma”) may infiltrate as small nests of atypical
squamous cells or grow in sheets of atypical spindle cells resembling a sarcomatoid
carcinoma [33]. Extensive keratinization is rare, but can be associated with keratin
granulomas at various sites outside the uterus [36]. Mucinous differentiation
associated with squamous differentiation in endometrioid adenocarcinoma is not
unusual.

The villoglandular variant is usually low grade and composed of glands and
delicate papillae, covered by columnar epithelium with mild to moderate nuclear
atypia [37]. It often presents with low stage and superficial myometrial invasion.
The prognosis of the villoglandular variant with myoinvasion is controversial and
has been under debate [37, 38]. Differentiating it from serous carcinoma is crucial
and may be challenging in some cases; criteria are detailed in the serous carcinoma
section.

The secretory variant or variant with secretory differentiation resembles
early secretory phase endometrium with glands containing sub- and/or supranuclear
vacuoles (Fig. 2.2). The secretory changes may be focal or diffuse, and they may be
associated with the secretory phase or with exogenous progestins, and thus repre-
sent a transient change. If the changes occur in premenopausal women, the adjacent
endometrium may show similar changes. The secretory variant is usually low grade
and predominantly glandular, but if it contains solid areas it must not be misin-
terpreted as clear cell carcinoma. In contrast to clear cell carcinoma, the secretory
variant of endometrioid adenocarcinoma lacks significant nuclear atypia and other
characteristic features of clear cell carcinoma [39, 40].

The ciliated variant is rare, although cells with apical cilia are not unusual in
typical endometrioid adenocarcinoma. These are usually low grade and low stage
tumors, and there is some evidence of association with estrogens [41].

Endometrioid adenocarcinoma may also have variant growth patterns. An unu-
sual pattern of invasion contains microcystic, elongated and fragmented glands
(MELF) (Fig. 2.2) and seems to be frequently associated with LVSI [42]. Extensive
lymph vascular space involvement (L'VSI) is a prognostic factor for increased risk of
recurrence (Fig. 2.2). Myometrial invasion may be clearly recognizable, particularly
when it contains haphazardly distributed glands or diffusely arranged cords and
clusters of cells or individual cells. The infiltrated myometrium frequently has a
desmoplastic reaction, or less often an inflammatory response. In other cases of
endometrial carcinoma, myometrial invasion may have a smooth, pushing border
and lack desmoplasia, akin to adenoma malignum of the cervix [43]. A similar
pattern can be found when endometrial carcinoma extends into adenomyosis. The
distinction from true myometrial invasion is important, since prognosis is not
adversely influenced by involvement of adenomyosis. The presence of clearly
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recognizable adenomyosis on H&E sections is required for the diagnosis of carci-
noma involving adenomyosis. This may be difficult, particularly when the glands in
adenomyosis are sparse and the stroma is atrophic or fibrotic. Similarly, the diag-
nosis of superficial myometrial invasion can be problematic because of irregularity
of the endomyometrial junction [44]. For the diagnosis of myometrial invasion, clear
evidence of irregularly distributed tumor nests within the myometrium, without
proximity to residual non-neoplastic glands or endometrial stroma, is needed.

The proportion of the solid, non-squamous component of the tumor determines
the FIGO histologic grade of endometrioid adenocarcinoma (Table 2.3) (Fig. 2.1).
In FIGO grade 1 carcinomas, solid areas account for less than 5%, in FIGO grade 2
carcinomas 6-50% and FIGO grade 3 carcinomas have more than 50% of
non-squamous solid areas. Solid areas of squamous differentiation are not consid-
ered for grading purposes. There are several problems with FIGO grading, such as
the recognition of small areas with solid growth, the distinction between solid
squamous and non-squamous areas and the interobserver reproducibility of bizarre
nuclear atypia. Finally, the reproducibility of a three-tier system may have its
weaknesses. Alternative grading systems using only two tiers and considering
patterns of growth have been proposed and subsequently validated, but have not
been generally accepted [45-48].

The differential diagnosis of endometrioid adenocarcinoma includes atypical
hyperplasia and atypical polypoid adenomyoma (APAM). Distinction from atypical
hyperplasia may be particularly difficult in biopsies and curettage specimens. The
best proof of carcinoma is evidence of invasion into adjacent stroma or myome-
trium. A confluent glandular or cribriform pattern resulting in a complex labyrinth-
or maze-like appearance is considered invasive as it reflects loss of stroma [49].
Other criteria for invasion are a desmoplastic stromal response, and extensive
papillary architecture [50]. APAM consists of crowded glands, often with squa-
mous morules, surrounded by spindle cell stroma [S1]. If the arrangement of the
glands is complex, the differential diagnosis may be difficult, particularly since the
stromal cells are of myofibroblastic origin and may suggest a desmoplastic reaction.
Immunohistochemistry may not helpful for the differential diagnosis between
APAM and myoinvasive endometrioid adenocarcinoma [52]. In contrast to
endometrioid adenocarcinoma, APAM has an organoid pattern with a mixture of
the glandular and mesenchymal components, and a lobulated appearance of the
glandular component. Rarely, endometrioid adenocarcinoma may arise in APAM
and is characterized by a confluent glandular growth pattern.

Table 2.3 FIGO grading of endometrioid carcinoma of the endometrium

FIGO grade Amount of solid non-squamous, non-morular growth (%)
FIGO grade 1* <5

FIGO grade 2* 6-50

FIGO grade 3 >50

“The presence of bizarre nuclear atypia raises the grade by 1
Serous and clear cell carcinoma are by definition high grade (grade 3) and not further graded.
According to UICC carcinosarcoma (MMMT) is also by definition grade 3
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Table 2.4 Immunohistochemical typing of endometrial carcinoma

Histologic type Typical immunohistochemical findings
Endometrioid G1/2 ER++/+++, PR++/+++, p53 wild type”, Ki67+/++, PTEN—/+, p16
incl. variants heterogeneous

Endometrioid G3 incl. ER++/+, PR+/++, p53 heterogeneous, Ki67++/+++, PTEN—/+
variants

Mucinous ER++/+++, PR++/+++, p53 wild type, Ki67+/++, PTEN—/+, p16 +
++(diffuse)

Serous ER+, PR+, p53 mutant®, Ki67+++, PTEN++, pl6+++

Clear cell ER—/+, PR—/+, p53 heterogeneous, PTEN+/—, p16+/—, HNF18 ++,

Napsin A++, Rcemase++, ARIDIA—/+

“P53 immunoreactivity: A diffuse positive or flat negative (all or null) pattern is associated with
P53 mutation and therefore considered mutant. A heterogeneous pattern with at least a third strong
positive nuclei is also associated with p53 mutations. A weak to moderate staining pattern is
considered “wild type” [13]

Immunohistochemical staining for ER and PR is usually intense in low grade
endometrioid adenocarcinoma, but may be absent in areas of squamous differen-
tiation (Table 2.4). B-catenin often shows aberrant (nuclear) staining, and PTEN
and PAX-2 staining is reduced or lost (Fig. 2.1) [53, 54]. Ki-67 staining is variable.
p53 immunoreactivity shows heterogenous, mostly weak to moderate nuclear
staining with interspersed intense or negative nuclei, which is considered a “wild
type pattern” [13]. P16 immunoreactivity is negative or patchy with focal staining
[55]. High-grade endometrioid adenocarcinomas may partially show intense
nuclear immunoreactivity for p53, suggestive of mutated TP53 [13]. ER and PR
immunoreactivity is weak to moderate, or may be negative; the Ki-67 labeling
index is usually 30-50% [56, 57].

Mucinous Carcinoma

Pure mucinous carcinoma of the endometrium is rare. By definition, more than 50%
of cells contain PAS positive diastase resistant intracytoplasmic mucin [1]. More
commonly, focal mucinous differentiation is found in endometrioid adenocarci-
noma, often in combination with squamous differentiation. Cribriform or microg-
landular areas may resemble microglandular hyperplasia of the uterine endocervix,
which should be considered in the differential diagnosis in biopsy specimens. The
histological grade (assessed according to FIGO) and stage are usually low. Its
association with exogenous estrogen has been reported [58]. Immunohistochemical
staining shows diffuse positivity for ER and PR, and positivity for vimentin, which
can be helpful in its differentiation from endocervical adenocarcinoma [59]. The
Ki-67 labeling index is low (Table 2.4). An potential pitfall to note is the frequently
high and diffuse immunoreactivity for p16, which is unrelated to HPV [60].
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Serous Carcinoma

Serous carcinoma is considered a distinctive tumor, both histologically and at the
molecular level [28, 61]. The diagnostic hallmark of serous carcinoma is the
combination of low grade, often papillary architecture, and high nuclear grade [1].
However, the histologic pattern may vary by containing both short thick, and thin
elongated papillae, but also glandular and solid structures (Fig. 2.3). Therefore, the
term serous “papillary” carcinoma is misleading and should be avoided. Serous
carcinomas are by definition high grade (grade 3). The tumor cells are usually
polygonal and characterized by highly atypical nuclei, often with prominent
nucleoli and frequent mitoses. Furthermore, the tumor cells are irregularly arranged
and form buds and tufts, and are detached in small groups. The luminal borders of
the glands and the surface of the papillae are scalloped. Serous carcinoma often
occurs in a small uterus with atrophic endometrium and may be found within
endometrial polyps. It may be associated with extensive LVSL

The typical patient’s median age is around 65-70 years. About one half of the
patients are diagnosed at an advanced stage (stage >I). Serous carcinoma requires
full surgical staging, since stage I uterine serous carcinoma can be associated with
an excellent outcome [62, 63].

The differential diagnosis of serous carcinoma includes the papillary variant of
endometrioid adenocarcinoma and clear cell carcinoma (detailed in Table 2.5). The

§
a

Fig. 2.3 Serous carcinoma with papillary, glandular, and solid growth patterns (a, b). Diffuse and
strong p53 immunoreactivity (¢) and weak ER immunoreactivity (d) are typical
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Table 2.5 Differential diagnosis between serous, clear cell and endometrioid adenocarcinoma

(papillary variant)

Serous carcinoma Papillary variant | Clear cell
carcinoma
Papillae Variable: short, thick, Uniform, thin Short, thick with
densely fibrotic or thin and delicate or hyaline bodies
broad
Cells Columnar/polygonal; Columnar, Polygonal or
proliferation with tufting pseudostratified; | hobnail shaped;
and budding; detached cell | cohesive slightly detached

clusters

Luminal borders Scalloped Regular, smooth | Irregular
(“straight”)
Nuclear features Marked pleomorphism, Mild At least focal
frequent mitoses pleomorphism, marked
infrequent pleomorphism,
mitoses frequent mitoses
Immuno-histochemistry | P53 diffusely positive or flat | P53 P53 focally
negative negative/focally | positive
ER and PR negative/focal positive ER and PR
positive ER diffusely or | negative or mildly
Ki-67 high heterogenously positive
positive Ki-67 moderate to
Ki-67 high
low/moderate

papillary variant of endometrioid adenocarcinoma usually has thin papillae and
lacks marked nuclear atypia. Clear cell carcinoma usually contains at least focally
cells with clear cytoplasm, hyalinized bodies, and eosinophilic globules.

Serous endometrial intraepithelial carcinoma (SEIC) consists of highly atypical
cells replacing the endometrial surface and glands that do not invade the myome-
trium. SEIC has been considered an immediate precursor of serous carcinoma [64].
Biologically, SEIC is now considered a non-myoinvasive carcinoma since it may be
associated with extensive extrauterine disease involving the peritoneum (e.g.
omentum), the ovaries, and the fallopian tube [65]. (Endometrial glandular dys-
plasia was not adopted by the recent WHO classification.) In the setting of
extensive pelvic serous carcinoma, it may be difficult to determine a site of origin.
WT-1 immunohistochemistry may be helpful in the distinction between uterine and
extra-uterine origin, since it is negative in about 90% of uterine serous carcinomas
and positive in 70-100% of serous carcinomas originating from the ovary, fallopian
tube, and peritoneum [66—68].

Immunohistochemistry shows a typical “all or null” or “mutant” immunoreactive
pattern for p53 that correlates well with TP53 mutations (Table 2.4) (Fig. 2.3). Flat
negative immunostaining is associated with frameshift mutations or a stop codon
leading to a truncated protein that is not detectable with the usual p53 antibodies
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[29]. ER immunoreactivity is usually weak or negative, and PR is often negative
[56]. In cases with extensive extrauterine disease and a putative ovarian/tubal ori-
gin, ER and PR immunoreactivity may be moderate to strong.

Clear Cell Carcinoma

Clear cell carcinoma is composed of polygonal or hob-nail shaped cells with clear
or eosinophilic cytoplasm and high grade nuclear features [69]. The architectural
pattern may be tubulo-cystic, papillary, or solid (Fig. 2.4). The papillae are short
and branching with hyalinized stroma. Other typical features are densely eosino-
philic extracellular globules and hyaline bodies. Like serous carcinoma, clear cell
carcinoma can occur in atrophic endometrium, within endometrial polyps, and is by
definition high grade (grade 3) [1].

Immunohistochemical staining (Table 2.4) shows negativity or mild positivity
for ER and PR, a Ki-67 proliferation index of at least 25-30%, and frequent posi-
tivity for HNF-18, Napsin A and racemase (AMACR) [57, 70-72]. Focal strong
positivity for p53 is found in about one third of the cases and correlates with TP53
mutations on the genomic level (Fig. 2.4) [25]. About 30% of the cases show loss of
PTEN [25]. Approximately 50% of the patients are diagnosed at stages II-IV and
have a poor outcome, with a 5-year survival rate of less than 50% [69, 73, 74]. In
contrast, an excellent prognosis is reported for stage I, particularly IA tumors [75].
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Fig. 2.4 Clear cell carcinoma with glandular (a) and papillary architecture (b). The cells are
hob-nail shaped and the glands contain eosinophilic material. The typical immunoprofile is
heterogeneous for p53 (c¢) and negative for ER (d)
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Mixed Carcinoma

The recent WHO consensus defined mixed carcinoma as a composition of two or
more different histologic types of endometrial carcinoma, of which at least one is of
the type II category, particularly serous and clear cell carcinoma [1]. These different
tumor types should be clearly visible on H&E stained sections and the minimum
percentage of the minor component has been arbitrarily set at 5%. The most frequent
combinations are endometrioid and serous carcinoma, and endometrioid and clear
cell carcinoma. Immunohistochemistry can help support the diagnosis [76]. The high
grade carcinoma determines the prognosis, even if it is present as a minor component
(i.e. 5%) [77]. It was suggested that progression from endometrioid to serous car-
cinoma could lead to a mixed serous and endometrioid carcinoma [11, 78].

Undifferentiated Carcinoma

Undifferentiated carcinoma is a rare tumor that is defined by its lack of specific
differentiation. The recent WHO classification distinguishes between monomorphic
and dedifferentiated undifferentiated carcinoma [1]. The monomorphic type is
composed of small to intermediate sized, relatively uniform cells usually arranged
in sheets. The nuclei are hyperchromatic with frequent mitoses and may exhibit
focal pleomorphism. The stroma may contain myxoid matrix resembling a carci-
nosarcoma, but in contrast to the latter a biphasic histological pattern is absent. The
differential diagnosis includes other high grade neoplasms, such as high grade
sarcomas, lymphoma and neuroendocrine carcinoma [79].

The dedifferentiated type is characterized by a sharply demarcated second
component that consists of a low grade (FIGO grade 1 or 2) endometrioid ade-
nocarcinoma [80]. Typically, the undifferentiated component infiltrates the myo-
metrium, whereas the low grade component lines the endometrial cavity (Fig. 2.5).
The undifferentiated component may have a sarcomatous appearance and lack
immunoreactivity or have focal staining for cytokeratin and EMA, whereas
vimentin is usually diffusely positive (Fig. 2.5). ER and PR are negative. Focal
positivity for synaptophysin and chromogranin may be found and should not by
itself lead to a diagnosis of neuroendocrine carcinoma [81]. The median patient age
is about 55 years, which may reflect the fact that a subset of undifferentiated
carcinomas occurs in patients with Lynch syndrome. The prognosis is poor with
more than 50% of cases having a fatal outcome.

The differential diagnosis includes any high grade neoplasm of the endometrium,
including carcinosarcoma (mixed malignant Mullerian tumor/MMMT).
Carcinosarcoma has been considered an epithelial neoplasm with a special kind of
epithelial-mesenchymal transition during its pathogenesis [82]. The pattern of
metastatic spread resembles that seen in carcinoma, and the metastases of carci-
nosarcoma often contain predominantly or purely the carcinomatous component
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Fig. 2.5 Dedifferentiated type of undifferentiated carcinoma containing well differentiated
endometrioid (a, b) and undifferentiated components (a, c). The latter consists of small, loosely
cohesive cells (c) that are not immunoreactive with antibodies against cytokeratins (AE1/AE3) (d).
The undifferentiated component was strongly immunoreactive for vimentin (not shown)

[83]. Carcinosarcoma is by definition a grade 3 tumor and is treated as an
endometrial carcinoma for FIGO staging. However, in the WHO classification
carcinosarcoma is categorized among the mixed tumors [1]. Histologically, carci-
nosarcoma is characterized by a biphasic pattern containing a variety of homolo-
gous or heterologous malignant mesenchymal tissues that are mixed with the
malignant epithelial component [84]. The tumor components are often, but not
necessarily, high grade [85]. The outcome is poor, comparable to high grade
endometrioid adenocarcinoma, and seems to be influenced by the presence of
heterologous elements. This biphasic intermixed histologic pattern differs from that
seen in dedifferentiated carcinoma, which resembles collision tumors with large
areas of demarcation between the two components. In addition, the components of
dedifferentiated carcinoma are less heterogeneous as compared to those in
carcinosarcoma.

Neuroendocrine Tumors

Neuroendocrine tumors were newly defined in the recent WHO classification
(Table 2.1) [81]. They are very rare and occur at a median age of between 60 and
65 years. So far, only a few cases of low grade neuroendocrine tumor (carcinoid
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tumor) have been reported [86-88]. Small cell neuroendocrine carcinoma
(SCNEC) resembles its counterparts at other sites (e.g. lung, gastrointestinal tract)
[89, 90], grows diffusely or in nests, and may have trabecular and rosette-like
structures. Large cell neuroendocrine carcinoma (LCNEC) consists of highly
atypical cells with frequent mitoses that grow in well-demarcated nests, trabeculae
and cords with palisading at the periphery. Extensive tumor cell necrosis is typical.
A neuroendocrine growth pattern is generally present in at least a part of the tumor
[91]. Immunohistochemistry with positivity for at least synaptophysin or chromo-
granin A is necessary to confirm the diagnosis of low grade neuroendocrine tumors.
In poorly differentiated neuroendocrine carcinomas, chromogranin A is usually
negative; CD56 (NCAM) may be positive, but is considered less specific. SCNEC
shows a dot-like staining pattern for cytokeratins. The differential diagnosis
includes other high grade neoplasms, in particular undifferentiated carcinoma. The
prognosis for SCNEC and LCNEC is poor.

Staging of Endometrial Carcinoma

Endometrial carcinoma is surgically staged and, therefore, final staging is arrived at
postoperatively. The current staging system as proposed by both FIGO and UICC
in 2009 is detailed in Table 2.6. Several changes were made from the prior system,
particularly for stages I and II. Stage IA now includes both carcinomas without
invasion and those with invasion of the inner half of the myometrium, which helps
in cases with difficult assessment of myometrial invasion. Stage II is now confined
to tumors with invasion of cervical stroma; tumors that involve endocervical glands
only are now grouped under stage I. This revised staging system provides a sim-
plified approach, but has been challenged [92-97].

Prognostic Factors

The strongest prognostic factor for endometrial carcinoma is stage. Carcinomas that
are confined to the uterine corpus (stage I) generally have a favorable prognosis [98].
Histologic type and grade, depth of myometrial invasion, and the presence of
(Iymph) vascular invasion stratify this group for prognosis [99, 100]. Although
peritoneal cytology has been excluded from staging, positivity for tumor cells has
been demonstrated as an adverse prognostic factor in multivariate analysis [101].
Three different risk groups for recurrence and distant metastases of endometrial
carcinomas confined to the uterus have been developed by radiation oncologists [99,
102, 103]. The TCGA project resulted in a molecular based stratification with three
major prognostic groups, of which the serous-like had the worst prognosis [21].
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Table 2.6 2009 FIGO/UICC staging of  endometrial carcinoma (including
carcinosarcoma/MMMT)

Stage pTNM | Definition
I Tumor confined to the uterine corpus
1A pTla No or less than one half myometrial invasion
1B pT1b Invasion equal to or more than one half of the myometrium
I pT2 Tumor invades cervical stroma but does not extend beyond uterus
I Local and/or regional spread of the tumor
A pT3a Tumor invades the serosa of the uterus and/or adnexa
I11B pT3b Vaginal and/or parametrial involvement
1ic Metastases to pelvic and/or para-aortic lymph nodes
1IC1 pNI1 Positive pelvic nodes
c2 pN2 Positive para-aortic nodes with or without positive pelvic nodes
v Tumor invades bladder and/or bowel mucosa; distant metastases
IVA pT4 Tumor invasion bladder and/or bowel mucosa
IVB pM1 Distant metastases including intra-abdominal metastases and/or
inguinal nodes

Hereditary Endometrial Carcinoma

Hereditary non-polyposis colorectal cancer (HNPCC)/Lynch syndrome and
Cowden syndrome are heritable syndromes associated with increased risk for
endometrial carcinoma [104, 105]. Lynch syndrome is characterized by germline
mutations in the mismatch repair proteins MLH1, MSH2, MSH6 or PMS2 and is
associated with carcinomas of the colon and rectum, and the endometrium.
Additionally, transitional cell carcinoma of the urogenital tract and ovarian carci-
noma (particularly the clear cell type) may occur. Approximately 2% of all
endometrial carcinomas are associated with Lynch syndrome, most of which are
endometrioid histotype [106]. Recently, other histologic types have been described
in patients with Lynch syndrome, particularly the dedifferentiated variant of
undifferentiated carcinoma. There is evidence that a subset of these tumors arises
from the lower uterine segment. In patients with Lynch syndrome there is a 20-60%
lifetime risk of developing atypical hyperplasia and endometrial carcinoma [105,
106]. Endometrial carcinoma may be the sentinel event or follow colorectal car-
cinoma in these individuals. Late onset of either endometrial or colorectal carci-
noma is not unusual for Lynch syndrome, since the median age for both cancers is
slightly above 60 years. Secondary to the late onset of disease and recent smaller
family sizes, the selection criteria for Lynch mutation carriers such as Amsterdam II
and Bethesda II are considered increasingly less reliable. Therefore, screening of all
newly detected endometrial carcinomas by immunohistochemistry has been pro-
posed [107].
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Cowden syndrome is much less frequent than Lynch syndrome. Patients with
Cowden syndrome harbor germline mutations for PTEN and may be affected by
carcinomas of various organs such as the uterus (endometrium), the thyroid, and the
breast.
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