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2.1 Introduction

Pathology is an evolving specialty, and the advancement of knowledge has led to the
introduction of new concepts and diagnoses, and the disappearance of others. Just
as in clinical medicine, the evolution of the field is rarely due to presence of perfect
data. Classification systems evolve and adapt, with the integration of new discover-
ies. This is particularly true of endometrial cancer, where a number of new molecu-
lar factors have been identified in the past few years.

This chapter presents an overview of the histopathological classification of endo-
metrial carcinomas, as defined by the 2014 World Health Organization Classification
of Tumors of Female Reproductive Organs [1, 2]. The chapter progresses from a
discussion of precursor lesions to the histological carcinoma subtypes and finally to
the genomic characterization of endometrial cancer by the Cancer Genome Atlas
(TCGA). Where applicable, controversies are discussed under the relevant diagno-
ses. Finally, at the end of the chapter, a discussion of two simplified molecular clas-
sification systems based upon the TCGA is presented; first the ProMisE system,
developed at the University of Vancouver and then the PORTEC system, developed
at the University of Leiden. These two systems attempt to recapitulate the genomic
classification of the TCGA using methods that are readily available in a modern
clinical pathology lab.
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2.2 Precursor Lesions

The diagnosis of precancers of endometrioid carcinoma has been controversial
for a number of years. The hyperplasia classification has been in use for several
decades. It is based on defining the complexity of gland architecture (the degree
of fusing and branching of glands) as well determining if cytologic atypia is
present. This results in a subgrouping with four different histological patterns:
simple hyperplasia, complex hyperplasia, simple atypical hyperplasia, and com-
plex atypical hyperplasia. This system has some advantages and it initially
promised to be a good predictor of the risk of progression to cancer. However,
the hyperplasia system has several weaknesses: throughout the years the criteria
for gland complexity and cell atypia have been defined, redefined, and reorga-
nized leading to confusion of pathologists, gynecologists, and oncologists.
Additionally, studies have shown poor reproducibility and difficulties with
molecular correlation [2].

In the late 1990s the EIN system (Endometrial, changed to “endometrioid” by
the WHO, Intraepithelial Neoplasia) has been developed. This system initially used
objective morphometric data to assess a “D-score” but later formal morphometry
was dropped. The current system only uses routine microscopy. The system is based
on assessing three factors: the stroma-to-gland ratio, size of the focus, and nuclear
pleomorphism (which is assessed by comparing nuclei in the crowded gland areas
to nuclei in the “background”). The system’s great advantage is a better reproduc-
ibility among pathologists and a relative ease of use in clinical pathology while also
showing a close relationship with early molecular events (such as PAX2 inactiva-
tion, PTEN, and KRAS mutation). The EIN system was recently endorsed in an
opinion paper by the American College of Obstetrics and Gynecology [3]. However,
it made several changes to the diagnosis of “atypia,” which have been difficult for
supporters of the hyperplasia system to accept.

In the latest edition of the WHO 2014 the two systems have been combined into
“Atypical hyperplasia/Endometrioid intraepithelial neoplasia (AH/EIN).” The com-
bined system has retained the traditional definition of nuclear atypia while noting
that the assessment of atypia can be facilitated by comparing crowded gland cells to
adjacent normal gland cells. The EIN classification’s increased gland-to-stroma
ratio (area of gland exceeds that of stroma) was incorporated fully in the current
WHO classification.

It should be noted that the above discussion refers to precancerous lesions of
endometrioid carcinoma, which are common. There is, however, a second precur-
sor lesion, named “Serous endometrial intraepithelial carcinoma (SEIC).” SEICs
are rare, and are the immediate precursors of invasive serous carcinoma. It is
characterized by an underlying p53 mutation. Because SEIC spreads by exfolia-
tion of malignant cells into the uterine cavity, it can be associated with extra-
uterine spread even without invasion. Therefore its clinical risk is similar to that
of the fully developed carcinoma, and hence is discussed under serous carcinoma
(below) [4].
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2.3 Endometrioid Carcinoma

Endometrioid carcinomas are the most common epithelial tumors of the endome-
trium [1, 5]. Microscopically, in their most well-differentiated form, these tumors
resemble proliferative phase endometrial mucosa, with columnar cells containing
an abundant cytoplasm and oval nuclei (Fig. 2.1a). However, these carcinomas dis-
play an architectural complexity that is absent in benign and hyperplastic mucosa.
This complexity is seen as either cribriform, solid, villoglandular, or papillary
growth [5].

Endometrioid carcinomas are further characterized by the frequent presence of
altered cell differentiation (i.e. metaplasia). Note that the term “differentiation” is
typically used for changes of cell type in precancers and carcinomas, while the term
“metaplasia” is reserved for similar changes in benign endometrial epithelia.
Squamous differentiation is common, and so is mucinous, tubal, and secretory
(Fig. 2.1b, c). These changes can confirm the diagnosis of endometrioid carcinoma,
but can also make the diagnosis challenging, especially when the majority of the
tumor is affected.

Fig. 2.1 Representative images of endometrioid carcinoma. (a) An area of glandular growth, typi-
cal of FIGO grade 1 tumors, (b) squamous differentiation, both immature (open arrows) and more
mature (closed arrows), (¢) mucinous differentiation with intracytoplasmic mucin (closed arrow),
(d) an area of solid growth, consistent with a FIGO grade 3 tumor
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Grading of endometrioid carcinomas uses the FIGO grading system, presented
in Chap. 1 [6]. It has been proposed that this three-grade system be combined into a
two-grade system, where grades one and two are combined into a “low-grade”
group and grade 3 is synonymous with “high-grade” [7]. Endometrioid FIGO grade
3 tumors are characterized by >50% solid growth, but should show areas of typical
endometrioid differentiation, either by demonstrating the correct microscopic
appearance of the cells, or by the presence of altered cell differentiation (Fig. 2.1d).

The molecular aberrations identified in endometrioid carcinomas vary with the
grade of the tumor. Low-grade tumors are characterized by frequent mutation or
inactivation of PTEN (>50%), PIK3CA, PIK3R1, and ARID1A [1]. FIGO grade 3
tumors can show mutation or inactivation of TP53. The presence of a TP53 muta-
tion is sufficiently associated with poor prognosis and aggressive behavior that it
should essentially exclude a FIGO grade 1-2 endometrioid carcinoma [8, 9].

Controversial areas within the diagnosis of endometrioid carcinoma include the
distinction of FIGO 3 tumors from serous carcinomas, the correct identification of
lymphovascular space invasion (LVSI), and the clinical significance of the micro-
cystic, elongated, and fragmented (MELF) growth pattern. Within each of these
there are variations in diagnosis between labs. The distinction of high-grade tumors
from each other is one area where molecular methods, discussed below, may have
significant impact. The presence of LVSI is used in several risk stratification mod-
els, including the European joint guidelines for risk stratification [10].

LVSI assessment can be quite difficult, and endometrioid tumors often show
“retraction artifacts” in hysterectomy specimens which can mimic true
LVSI. Immunohistochemical markers for endothelial cells (CD31, CD34, ERG) and
Elastin-stains for Elastin fibers in vessel walls often aid the assessment.

The MELF-pattern has been linked to increased risk of deep myometrial inva-
sion, LVSI, and above all lymph node metastasis [11]. In broad terms it should be a
straightforward diagnosis and is usually found unexpectedly in preoperatively low-
risk patients. The morphology is of a low-grade endometrioid cancer with distinct
widely scattered microcystic glands that deeply invade the myometrium without a
desmoplastic reaction. At the deep invasive front there are usually only a few elon-
gated glands and LVSI. Problems arise when trying to assess this morphologic pat-
tern in “nonclassical” cases; the most common problem being that only a part of the
tumor shows the MELF-pattern morphology. It is therefore difficult to clearly define
how extensive the MELF patterns should be to define a cancer as MELF. It also
invites a highly subjective assessment (and therefore low reproducibility) as clear
and objective definitions for MELF are missing.

24 Serous Carcinoma

Serous carcinomas are typically seen in association with endometrial polyps and an
atrophic endometrial mucosa. Of note, these carcinomas can grow by replacing the
endometrial epithelium, leading to an appearance that has been called “serous endo-
metrial intraepithelial carcinoma” (the preferred term) or, alternatively, “serous
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carcinoma in-situ” or “early serous carcinoma” [1]. Whatever the term, it is vitally
important that treating surgeons and oncologists realize that serous carcinomas
spread by exfoliation of cells directly into the uterine cavity and, via the fallopian
tubes, to the peritoneal cavity and omentum. Thus, even in the absence of invasion,
SEIC has a risk of metastasis to extra-uterine sites [12].

Serous carcinomas are rare in the endometrium, in contrast to the ovary. These
tumors resemble high-grade serous carcinomas of the ovary, with high-grade nuclear
atypia, a brisk mitotic rate, and single-cell necrosis (see Fig. 2.2a, b) [8, 13]
Additionally, just like ovarian high-grade serous carcinomas, these tumors show a
wide variety of growth patterns, such as solid, cribriform, and gland-like, in addi-
tion to the classic papillary and micropapillary growth. Micropapillary growth is
commonly seen in serous carcinomas but is not required for the diagnosis. Thus, the
name “‘seropapillary carcinoma” should be avoided.

One characteristic feature of serous carcinomas is the near ubiquitous presence
of a deletion or mutation of the TP53 gene. This mutation leads to a characteristic
immunohistochemical pattern, with approximately 90% of tumors showing strong
nuclear positivity in over 80% of tumor cells (Fig. 2.2c) [14]. The remaining 10%
can show a completely negative staining result, which has been called the “null

Fig. 2.2 Representative images of serous carcinoma. (a) Low-power and (b) high-power images
of the prototypical papillary growth pattern. (¢) p53 immunohistochemistry consistent with a TP53
gene mutation. (d) The so-called null-pattern staining, which is also consistent with a TP53
mutation
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staining pattern” (Fig. 2.2d). The sensitivity and specificity of immunohistochemis-
try is high but not 100%, and so in discrepant cases consensus histology, or even
TP53 sequencing, may be necessary. Serous carcinomas are not graded, as in the
endometrium they are all high-grade.

Beyond the near ubiquity of TP53 mutations, serous carcinomas can show muta-
tions in PIK3CA, FBXW7, and PPP2R1A [1]. There is some data indicating that
germline BRCA1/2 mutations are associated with the development of endometrial
serous carcinomas [15].

2.5 Clear Cell Carcinoma

Clear cell carcinomas are among the rarest of subtypes, making up roughly 2% of
endometrial carcinomas [1, 2, 16]. Microscopically, these tumors consist of round
to polygonal tumor cells with an abundant clear to granular cytoplasm and a typi-
cally central round to polygonal nucleus. The tumor cells contain abundant glyco-
gen, which can be demonstrated using special stains. The characteristic feature of
these tumors is the presence of papillary, tubulocystic, and solid growth patterns and
the presence of myxoid or hyalinized stroma (Fig. 2.3a, b). Hobnail cells are the
most common cell seen [16].

Immunohistochemistry can be useful in the diagnosis of these tumors, where
they are characteristically ER and PR negative, and can show expression of Napsin
A [17]. Approximately 30% of cases can show a mutation in p53, as detected by
immunohistochemistry [18].

Molecular studies have demonstrated a variety of mutations in these tumors,
such as mutations in PTEN, TP53, ARID1A, and PIK3CA [19].

" w
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Fig. 2.3 Clear cell carcinoma. (a) Low-power and (b) high-power images of clear cell
carcinoma
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2.6 Undifferentiated and Dedifferentiated Carcinoma

There is increasing recognition of undifferentiated carcinomas as a distinct tumor
type, separate from other high-grade carcinomas, such as FIGO 3 endometrioid
tumors and carcinosarcomas. In the pure form, where no other tumor component is
seen, they are called undifferentiated carcinomas. In a dedifferentiated carcinoma,
the undifferentiated component is seen in combination with a FIGO1-2 endometri-
oid carcinoma. The identification of dedifferentiated carcinomas implies that bio-
logically the tumor represents a dedifferentiation, or transformation, of the
lower-grade endometrioid tumor to the high-grade undifferentiated component.

Microscopically these tumors are made of solid sheets of high-grade tumor cells
showing no particular differentiation. In practice, this means a lack of endometrioid
or serous type growth patterns, a lack of variant differentiation (e.g. squamous dif-
ferentiation). The tumor cells are typically highly dyscohesive and thus can resem-
ble a high-grade lymphoma (Fig. 2.4a). These tumors typically show a reduction in
staining with epithelial markers such as keratin, but epithelial membrane antigen is
typically retained.

Molecularly these tumors appear to be associated with mutation of members of
the SWI/SNF family of genes, as well as loss of functional mismatch repair, as
demonstrated by immunohistochemistry for the proteins MLH1, PMS2, MSH2, and
MSHB6.

Fig.2.4 (a) Undifferentiated carcinoma showing solid growth of dyscohesive cells lacking in dif-
ferentiation. (b) Carcinosarcoma showing high-grade mesenchymal (upper left) and epithelial
(lower right) components
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2.7 Mixed Carcinoma

Mixed carcinomas are defined in the WHO 2014 as a tumor composed of a mixture
of two tumor types, where at least one of them must be a “Type 2” tumor. The two
types must be readily recognizable in routine hematoxylin- and eosin-stained sec-
tions. The minimum percentage of the secondary component has been arbitrarily set
to 5%, and the behavior of the tumor clinically is expected to follow the most high-
grade component. Indeed, research has shown that as little as 5% serous carcinoma
can adversely affect outcome [20]. Immunohistochemistry can be used to further
support a diagnosis of a mixed carcinoma.

2.8 Neuroendocrine Tumors

Neuroendocrine tumors range from low-grade neuroendocrine tumor (carcinoid
tumor) to high-grade neuroendocrine carcinoma (small cell and large cell neuroen-
docrine carcinoma). These tumors share a characteristic neuroendocrine morphol-
ogy, and the neuroendocrine differentiation should be confirmed using
immunohistochemistry.

Low-grade neuroendocrine tumors of the endometrium are extremely rare; they
have been described only in a few case reports. Clearly a metastasis from a low-
grade neuroendocrine tumor outside the uterus needs to be excluded before a pri-
mary endometrial tumor can be considered. This exclusion must be done with
careful clinical and radiological correlation. Microscopically, low-grade neuroen-
docrine tumors show a variety of growth patterns and a characteristic “salt and pep-
per” chromatin of the nuclei.

High-grade neuroendocrine tumors can be divided into small cell and large cell
types. Small cell neuroendocrine carcinomas resemble the tumor of the same name
seen in the lung, with poorly cohesive cells with minimal cytoplasm, nuclear mold-
ing, high mitotic rate, karyorrhexis, and the common presence of “crush” artifact.
Large cell neuroendocrine carcinomas should only be diagnosed if they show the
characteristic growth patterns of well-demarcated nests, trabeculae, and cords, with
peripheral palisading. Immunohistochemistry with chromogranin, synaptophysin
and CD56, can be used to confirm neuroendocrine differentiation.

2.9 Carcinosarcoma

These tumors are defined as biphasic tumors consisting of high-grade carcinoma-
tous (i.e. epithelial) and sarcomatous (i.e. mesenchymal) components. They were
previously called “Malignant mixed Miillerian tumor,” and this term, as well as its
abbreviation MMMT, is still commonly in use.

Microscopically there is typically an intimate mixture of the two components
(Fig. 2.4b). The carcinomatous component is usually either endometrioid or serous.
The sarcomatous component is typically high-grade and nonspecific (i.e. showing
no particular diagnostic features of a more specific sarcoma type); however, tumors
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can show rhabdomyosarcoma, chondrosarcoma, and even osteosarcoma differentia-
tion. Regardless of the type of sarcomatous differentiation it is believed that the
origin of these tumors is from the carcinoma, which is why they have been included
in this section. Immunohistochemistry is not helpful in the diagnosis and the immu-
nophenotype can be more confusing than helpful.

The Tumor Cancer Genome Atlas recently sequenced 57 untreated patients with
carcinosarcoma. The tumors had extensive copy-number alterations and highly
recurrent somatic mutations. Frequent mutations were seen in TP53, PTEN,
PIK3CA, PPP2R1A, FBXW7, and KRAS, also often found in endometrioid and
serous carcinomas [21].

2.10 The Cancer Genome Atlas (TCGA) Endometrial
Carcinoma Analysis

In 2013 the TCGA completed its integrated genomic characterization of 373 endo-
metrial cancers, including low- and high-grade endometrioid and serous tumors
[22]. Tumors were studied by a comprehensive series of methods, including somatic
copy-number alterations, exome sequencing, mRNA expression, protein expres-
sion, microRNA expression, and DNA methylation. Given the wealth of data, and
the number of different methods applied, a custom-built clustering algorithm called
“SuperCluster” was developed to derive overall subtypes across all methods. The
SuperCluster data indicates the limitations of current diagnostic methods. Within
tumors diagnosed “endometrioid” (based on routine light microscopy) are multiple
molecular subtypes. Four molecular subtypes were identified, including ultramu-
tated “POLE,” hypermutated “MSI,” copy-number low “endometrioid-like,” and
copy-number high “serous-like,” as described in (Table 2.1).

Ultramutated “POLE” Group One of the most fascinating finding of the TCGA
classification was the identification of an ultramutated tumor type with an extremely
favorable prognosis. These tumors show high mutation rates (232 x 10~° mutation
per Mb) and an increased C to A transversion frequency. All of these tumors show
mutations in the exonuclease domain of POLE, the catalytic subunit of polymerase
epsilon, which is involved in nuclear DNA replication and repair. Mutation rates
seen in these tumors exceed those found in any other tumor lineage.

Prognosis of these tumors appears to be extremely favorable [22, 24-27]. The
TCGA showed a progression-free survival of 100%. Subsequent studies have con-
firmed this finding. A European study using the PORTEC-1 and -2 trial cohorts
(n ="788) identified 48 POLE tumors (6.1%) [25]. There was a strong association of
POLE mutation status with high tumor grade; however, none of the patients with
high-grade POLE tumors experienced progression or death. These results have been
confirmed in a number of subsequent studies. The conclusion of these studies is that
POLE tumors of all grades display excellent prognosis, independent of other known
prognostic factors. In vitro studies showed that POLE mutated cells had resistance
toward cisplatin, suggesting that the good outcome is not secondary to the response
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Table 2.1 Summary of the molecular, pathological, and clinical characteristics of the TCGA
genomic subtypes [22, 23]

Subgroup Molecular character Pathological and clinical character
POLE mutated | Missense mutation (C — A Most stage I, endometrioid, also
(7%) transversions) in POLE exonuclease | grade 3 tumors

domain (catalytic subunit involved
in DNA replication and repair)
leading to very high mutation rates
(ultramutated)

Typical mutations: PTEN, PK3R1,
PIK3CA, FBXW7, KRAS

High neoantigen loads and number
of TILs, overexpression of PD-1 and
PD-L1, possibly eligible for
checkpoint inhibitors Excellent
progression-free survival

Microsatellite
instability
(MSI) (28%)

MSI mutated, leading to impaired
mismatch repair (proofreading in
DNA replication), leading to high
mutation rates (hypermutated)
Alterations of the TK/RAS/f-catenin
pathway (70%) and IK3CA/
PIK3R1-PTEN pathway (95%)

This group can correlate with Lynch
syndrome, allowing preventive
strategies for colorectal cancer.
Possible targeted therapy options
include the mTOR pathway or
immunotherapy with checkpoint
inhibitors (pembrolizumab (PD-1
inhibitor)

Copy-number
low (39%)

16 different genes with frequent
alterations in the PI3K pathway
(92% of tumors), alterations in the
RTK/RAS/B-catenin pathway (83%),
and somatic mutations in CTNNB!

This group represents most of the
grades 1| and 2 endometrioid cancers
and has an intermediate prognosis

Copy-number
high, serous
like (26%)

High degree of somatic copy-
number alterations (duplications of
segments of the genome) with
frequent p53 mutations (90%),
amplifications of the MYC and
ERBB?2 oncogenes

In this group, 25% were
endometrioid high-grade tumors, all
showing poor prognosis. This group
may profit from treatments closer to
the treatments of other serous
cancers

TILS tumor infiltrating lymphocytes

to chemotherapy [23, 28]. The ultra-mutated status of these tumors produces a
strong immunogenic reaction, this is seen in intra- and peritumoral lymphocyte
infiltration, expression of PD-1 and PD-L1, as also additional T cell markers thus
being a possible target for checkpoint inhibitors [29-32].

Hypermutated “MSI” Group These tumors show an intermediate mutation fre-
quency (18 x 107° mutations per Mb) and were associated with MLH1 promoter
methylation. These tumors showed microsatellite instability, few somatic copy-
number alterations, and frequent nonsynonymous KRAS mutations.

Copy-Number Low “Endometrioid-Like” Group These tumors have a low muta-
tion rate (2.9 x 10-° mutations per Mb). This group consists primarily of microsatel-
lite stable endometrioid cancers. These tumors showed an unusually high frequency
of CTNNB1 mutations (52%).

Copy-Number High “Serous-Like” Group These tumors also have a low mutation
rate (2.3 x 107% mutation per Mb), but they have extensive somatic copy-number
alterations. These tumors had a significantly worse progression-free survival than
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the endometrioid groups. Of note, 25% of cases diagnosed by light microscopy as
“high-grade endometrioid” cancer had a genomic profile matching the serous-like
group. Several potential therapeutic copy-number alterations were detected, includ-
ing 15926.2 (amplification in IGF1R) and ERBB2, FGFR1 and FGFR3, and LRP1B
deletion. A subset of serous-like endometrial cancers may in fact be derived from
the fallopian tube [33]. Tubal serous carcinomas are treated differently than uterine,
but this distinction cannot be made without molecular testing. These similarities
were seen in the TCGA analysis, where uterine serous cancers show demonstrated
similarities to both ovarian serous cancers basal-like breast carcinoma, including
high frequencies of TP53 and PTEN mutations. Differences included the higher
frequency of PIK3CA, FBXW7 and PPP2R1A1 in uterine serous carcinomas.

2.11 ProMisE (Proactive Molecular Risk Classifier
for Endometrial Cancer)

Researchers at the University of British Columbia have developed and studied a
classification system, with the goal of recapitulating the TCGA genomic classifier,
but using readily available methods such as immunohistochemistry and gene
sequencing [34, 35]. Here markers such as POLE mutation, p53 IHC and TP53
mutation, PTEN, MMR IHC (MLHI1, MSH2, MSH6, and PMS2), and FISH for
three specific loci (FGFR (4p16.3), SOX17 (8q11.23), and MYC (8q24.12) to deter-
mine the copy-number groups, were tested. The result is a molecular classifier
called ProMisE, which divides patients with endometrial cancer into MMR abnor-
mal, POLE-mutated, and p53 abnormal or wild-type (Fig. 2.5). These groups cor-
relate with the TCGA subgroups concerning outcomes, and could be a base for
developing clinical studies on treatment (Table 2.2).

Mismatch repair status with IHC
(MLH1, MLH2, MSH6, PMS2) (as a : MMaFgr:HC
surrogate for MSI) Lost protein

expression

expression

Sequencing for
. —> | POLE
POLE exonuclease mutation Mutated
¢ Wildtype

IHC for P53 ——3| p53abn
l Aberrant IHC

l Intact protein

Wildtype
IHC

P53 wt

Fig. 2.5 A schematic diagram showing the application of the ProMisE, molecular subtyping
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2.12 PORTEC

Researchers at the Leiden University Medical Center have developed and tested a
molecular classification, using some additional methods when compared to ProMisE
[36, 37]. This classification uses microsatellite instability testing, sequencing for
hotspot mutations in 14 genes (including POLE), and immunohistochemistry for a
number of biomarkers (Table 2.2). The sub-analysis for early-stage endometrial
cancer gave an indication that applying the MSI, POLE and p53 analyses, and also
stratifying into favorable and nonfavorable by using other markers such as LICAM,
LVSI, CTNNBI1 [36]. The use of these markers can help to identify subgroups eli-
gible to targeted treatment. However, in the same cohort, the identification of p53,
POLE mutations, and MSI status alone lead to an identification of four subgroups
similar to those proposed by the TCGA. The clinical utility of these groups will be
assessed in the prospective PORTEC-4 study.

2.13 Outlook and Future Directions

The validation of the proposed molecular classification systems is an important next
step to proving their sustainability and applicability to different cohorts in clinically
different settings. Prospective studies will be necessary to evaluate adaptations of
adjuvant treatment in different subgroups. The evolution towards combining known
pathological risk factors with newer molecular markers is a large step towards per-
sonalized medicine, with associated improvements in treatment selection.
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