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Part I
Introduction



Chapter 1
Endometrial Carcinoma: Precursor
Lesions and Molecular Profiles

Sudeshna Bandyopadhyay and Rouba Ali-Fehmi

Introduction

Endometrial carcinoma is the most common gynecological malignancy.
Approximately 54,870 endometrial carcinomas were diagnosed in 2015 with
10,170 deaths [1]. It has been categorized into 2 groups based on histopathology,
clinical findings, and outcome and molecular findings. The biology of these tumors
is underpinned by genetic and molecular features. This dichotomy in clinical,
pathological, and molecular features validates a dualistic classification of
endometrial carcinoma, which includes Type I and Type II cancers. Type I lesions
include endometrioid carcinoma and its subtypes, while serous carcinoma is a
prototype of Type II. These differences have also been identified at the precursor
level, whereas uterine serous carcinomas (USCs) comprise less than 10% of all
endometrial carcinomas, but paradoxically cause a high proportion of relapses and
endometrial cancer-related deaths.

Endometrioid Carcinoma (Type 1)

Endometrioid carcinoma is the prototype of Type I endometrial cancer. These
tumors have been linked to increased and prolonged estrogenic stimulation, occur
in pre- and perimenopausal women, and occur in a background of hyperplasia [2].
Typically, they are diagnosed at a lower stage and have a good prognosis.
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Precursor Lesions

Endometrioid adenocarcinoma occurs in a background of endometrial hyperplasia
which is characterized morphologically by architectural complexity, cytological
atypia, or both. The architectural patterns include cystic dilatation of the endome-
trial glands and a spectrum of more complex changes including glandular out
pouching with back-to-back glandular proliferation, papillary infolding into the
gland lumen with budding, villoglandular patterns, and cribriform architecture. An
increase in the gland to stromal ratio of approximately 3:1 is also noted in
hyperplasia [3]. Simple hyperplasia indicates an increased gland to stroma ratio,
while complex hyperplasia denotes back-to-back glands with a more complex
architecture. Based on the degree of architectural atypia (simple versus complex)
and superimposed cytological atypia characterized by nuclear rounding and pleo-
morphism, vesicular chromatin with prominent nucleoli, increased N:C ratio, and
loss of polarity, these lesions are classified as follows:

1. Simple hyperplasia without atypia;
2. Simple hyperplasia with atypia;
3. Complex hyperplasia without atypia;
4. Complex hyperplasia with atypia [4].

These morphological variations each have been assigned a different attributable
risk of progression to carcinoma. The maximum risk of progression to endometrial
carcinoma is associated with complex atypical hyperplasia, estimated to be 29%,
while complex hyperplasia without atypia has an estimated risk of about 3% [5]. In
another study, it was shown that the risk of progression to carcinoma in women with
non-atypical endometrial hyperplasia was <5%, while almost 30% of women with
atypical endometrial hyperplasia were diagnosed with endometrial carcinoma [6].

Up to 50% of women with atypical hyperplasia on the endometrial biopsy have
endometrial carcinoma in the resection specimen [7–9].

The progression of hyperplasia to adenocarcinoma has common underlying
molecular abnormalities detected in both these lesions. These have been described
in a later section.

Uterine Serous Carcinoma (Type 2)

USC comprises less than 10% of all endometrial carcinomas, but paradoxically
cause a high proportion of relapses and endometrial cancer-related deaths, which is
a testimony to its biologically aggressive nature [10, 11]. Advanced stage disease
(Stage III and IV) has a dismal prognosis with a 3-year survival of about 56% [12].
USC was first recognized by Lauchlan [13] and then described by Hendrickson as
an endometrial carcinoma with histology similar to ovarian serous carcinoma [10].
Its defining histological features and distinctive behavior have been validated in
subsequent studies [14–16].

4 S. Bandyopadhyay and R. Ali-Fehmi



USC usually occurs in postmenopausal women, in the milieu of an atrophic
endometrium [17]. Although it was traditionally considered to be estrogen inde-
pendent (as opposed to the endometrioid type), it has become increasingly evident
that estrogen production continues after menopause from extra-ovarian sources, and
therefore, it is fair to say that USC is more likely estrogen deficient than estrogen
independent (reviewed in [18]). High-grade histological features characterize USC.
These tumors exhibit severe nuclear pleomorphism, hyperchromasia, prominent
nucleoli, increased mitotic activity, and single cell apoptosis, akin to ovarian serous
carcinoma (Figs. 1.1 and 1.2). Additionally, the cells are dyshesive and lack cell
polarity. Contrary to the high-grade cytology, these tumors tend to form glands
(lined by these highly atypical cells). In addition, areas of papillary and solid
architecture are also seen. Also seen are characteristic slit-like spaces and
budding/micropapillae. These tumors, diagnosed later in life, often arise in a
background of atrophic endometrium [10, 16, 19]. Clinically, the aggressive biol-
ogy of USC has been well established, and this underlies the interest that has been
generated in this disease. These tumors are biologically distinct with a poorer

Fig. 1.1 Low power section
from endometrial serous
carcinoma glandular pattern

Fig. 1.2 High power
illustration of endometrial
serous carcinoma presenting
the significant cytologic
atypia and the floating
papillae
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prognosis compared to stage-matched endometrioid carcinomas [11, 20, 21].
Sherman et al. had argued that a diagnosis of serous carcinoma is used when at least
25% of the tumor is serous in nature [16]; however, other investigators have
reported that any serous component in mixed tumors will confer a worse prognosis
compared to endometrioid carcinomas [22, 23]. Also, it has been determined that
the usual risk factors to predict recurrence in endometrioid carcinomas may not be
useful to assess the risk of recurrence in USC [23]. At clinical presentation, these
tumors are more commonly diagnosed at a high stage with evidence of extrauterine
spread [24, 25]. Slomovitz and colleagues have reported a significant frequency of
extrauterine disease (37%) and a poor prognosis [26] in patients with small
endometrial lesions that do not invade the myometrium. Wheeler et al. [27] looked
at a subset of “minimal USC” which included a cohort of EIC and superficial serous
carcinoma, characterized as USC without myometrial or lymphovascular invasion.
In their experience, 25% of the EIC cases and 26% of the superficial serous car-
cinoma cases had extrauterine disease. In another series of patients diagnosed with
“minimal USC,” Hui et al. [28] found extrauterine disease in 45% of the patients. In
a more recent study which included a cohort of USC without myometrial invasion,
Semaan et al. [29] reported that 1.8% of the cases had Stage II disease, 1.8% had
Stage IIIA, and 16.4% of the cases had stage IVB disease.

The association of serous carcinoma with endometrial polyps was first described
by Silva and Jenkins [30]. In their study, they described 16 patients with USC
involving a polyp with minimal or no myometrial invasion. Six of these 16 (37.5%)
patients also had extrauterine disease. Involvement of an endometrial polyp was
also found in 30.9% of cases in series of USC limited to the endometrium, reported
by Semaan et al. [29], and of these, 29.4% had stage IVB disease. Numerous
studies have also identified a high risk of lymph node metastasis (ranging from 13
to 36%) in patients with uterine serous carcinoma without myometrial invasion [20,
26, 31]. These findings underline the fact that the traditional risk factors associated
with endometrial carcinomas may not be applicable in USC.

Precursor Lesions

Serous endometrial intraepithelial carcinoma (EIC) also known as “endometrial
carcinoma in situ,” “surface serous carcinoma,” and “minimal USC” is considered
to be the precursor to USC, first recognized as intraepithelial carcinoma present
adjacent to serous carcinoma [14, 16, 32]. This lesion is described as composed of
cytologically malignant cells, similar to those seen in USC, lining the surface of the
endometrium or endometrial glands without invasion of endometrial stroma,
myometrium, or lymphovascular spaces [33]. It is often seen in conjunction with
USC, which raises the possibility that this might be a precursor lesion. Pure EIC is a
rare disease. Although technically noninvasive in appearance, these tumors have
been associated with extrauterine disease, reflecting their aggressive biology [25–
27, 31]. Identical p53 mutations in EIC and the pelvic serous component have been
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described by various studies [34, 35]. One of the mechanisms of spread that have
been postulated is that there is dissemination of dyshesive neoplastic cells shed
from the surface of the endometrium and glands through the fallopian tubes into the
peritoneal cavity [36, 37]. Another possibility is development of multifocal disease,
as synchronous primaries involving various foci in the Mullerian epithelium [38].

Molecular Signature

The concept of a dualistic model of carcinogenesis for endometrial carcinomas was
first introduced by Jan Bokhman in 1982 [39] based on the widely varied clinical
presentation and behavior of various types of endometrial carcinoma. This
hypothesis has subsequently been validated by various studies, which have iden-
tified varying molecular aspects underlying the morphological and clinical differ-
ences between Type I and Type II carcinomas. Type I endometrial carcinomas
comprise close to 80% of all endometrial cancers and are related to unopposed
estrogen stimulation. Common molecular alterations seen in those tumors are PTEN
mutations, microsatellite instability, K-ras, and b-catenin mutations [40–45].
Type II tumors include serous and clear cell carcinomas. Chromosomal instability,
characterized as extensive genetic alterations which include loss or gain of chro-
mosome arms and/or whole chromosomes [46], is frequently seen in serous car-
cinoma [47], while microsatellite instability is reportedly uncommon [19]. The most
frequently detected genetic alterations are p53 mutations, Her-2/neu amplification,
negative or reduced E-cadherin expression, and inactivation of p16. Below is a
review of these common genetic alterations encountered in endometrial carcinoma.

Molecular Alterations in Endometrioid Carcinoma

A. PTEN:

This is a tumor suppressor gene that is present on the long arm of chromosome 10
at locus 10q23. This codes a phosphatase, which works on both protein and lipid
substrates. An important substrate is phosphatidyl inositol [3–5] phosphate (PIP3).
Increased PIP3 results in the activation of protein kinase Akt, which mediates cell
survival and proliferation. PTEN gene product is a phosphatase and limits the
amount of PIP3 available, thereby putting a check on cell proliferation. PTEN
mutation or deletion does not appear to increase cell proliferation and rather results
in anti-apoptosis [48, 49].

Differences in PTEN expression have been illustrated in normal cycling endo-
metrium, being highest in the proliferative phase where a significant regulatory
need is anticipated [50]. PTEN null endometrial glands have been detected in
morphologically normal appearing endometrial glands with intact estrogen and
progesterone receptors [51]. This suggests that these PTEN null glands may be
perpetuated and are the starting point for neoplastic transformation. Only a small
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subset of these glands do eventually progress to carcinoma which implies that while
the loss of PTEN function may be an early step in transformation, it is by no means
the determining step for carcinogenesis. PTEN mutations have been detected in up
to 55% of endometrial hyperplasia and endometrioid carcinoma [43, 52, 53]. Also,
increased detection of PTEN mutation was seen in cases of atypical hyperplasia
versus endometrial hyperplasia without atypia. This indicates that PTEN mutation
is most likely an early event in endometrial carcinogenesis. Although some studies
have ascribed a better prognosis to endometrial carcinoma with PTEN mutations,
this most likely is a reflection of its association with Type 1 tumors.

B. K-ras:

K-ras gene belongs to the ras family of oncogenes, involved in encoding proteins
which act as signal transducers. The gene product is a membrane-based signal
transducer which acts upon adenylate cyclase and modulates the cell cycle.
Mutations in codons 12, 13, and 61 are required for activation and results in loss of
its GTPase activity, stimulating neoplastic transformation.

K-ras gene activation has been reported in 38% of endometrioid carcinomas. The
majority of the mutations have been identified in codon 12 of the K-ras gene.
Another study by Caduff et al. [40] identified the K-ras codon 12 mutation is a
smaller proportion of cases (12%) of endometrioid carcinomas while it was not
present in any serous/clear cell carcinomas included in the study (0/17).

In contrast to similar frequencies of K-ras mutations in colonic adenomas and
carcinomas, these mutations were discovered at a much lower frequency in
endometrial hyperplasia. Enomoto et al. [54] reported K-ras mutations in 12.5% of
atypical hyperplasia (in contrast to 34% of endometrioid carcinoma). No mutations
were identified in non-atypical hyperplasia. In contrast, Sasaki et al. [55] reported
the presence of such mutations in non-atypical hyperplasia. No significant corre-
lations with grade, stage, or clinical outcomes have been reported.

C. Microsatellite instability:

Aberrations in mismatch repair genes (hMLH1, hMSH2, hMSH6, and hPMS) have
been reported in 15–20% of sporadic endometrioid carcinomas [56, 57]. Such
aberrations result in size variations in the nucleotide repeat sequences which arise as
defects during the cell cycle. In non-inherited sporadic endometrioid carcinoma,
these aberrations predominantly arise secondary to hypermethylation of the hMSH1
promoter gene [58]. These changes have been identified in histologically normal
appearing non-neoplastic endometrial glands in patients who subsequently devel-
oped endometrial carcinoma [59]. In contrast, these changes are rare or undetectable
in random benign endometrial samples. Microsatellite instability has also been
reported in complex atypical hyperplasia, suggesting that these changes occur early
in the process of carcinogenesis [60].

8 S. Bandyopadhyay and R. Ali-Fehmi



Molecular Alterations in Serous Carcinoma

A. TP53:

The most common mutations seen in uterine serous carcinoma are those involving
the p53 gene and include missense mutation followed by insertion mutation. The
majority of the mutations in the p53 gene occur in exons 5–8 [61]. These mutations
lead to an accumulation of abnormal intranuclear protein, which is more stable than
the normal protein and therefore easily identified by immunohistochemistry. Rarely,
a nonsense mutation may result in a truncated protein, which is not compatible with
immunohistochemistry and therefore results in negative staining pattern [62, 63].
Loss of the normal protein prevents apoptosis and promotes tumor progression [64].
Mutations in the p53 gene have been reported in up to 90% of serous carcinomas
[63]. Additionally, these mutations have also been documented in EIC adjacent to
uterine serous carcinoma and EIC without associated USC, implying that these
mutations occur early in the pathogenesis. The similarity in mutations between EIC
and coexistent USC supports the hypothesis that EIC is linked to the development
of USC. It has been postulated that the p53 mutation occurs early in one gene
resulting in EIC; this is then followed by loss of heterozygosity affecting the
remaining wild-type gene and resulting in progression to USC [63]. There exists a
strong correlation between strong p53 protein expression (strong immunohisto-
chemistry) and p53 missense mutations. Rarely insertion mutations may result in a
more unstable protein, which may not be stained by immunohistochemistry.
Identical mutations have also been reported in USC and extrauterine serous car-
cinoma, supporting a monoclonal origin for these tumors [34, 35].

There are reports in the literature, which have attempted to establish “prepre-
cursors” of USC. Zheng et al. [65] have reported an entity, “endometrial glandular
dysplasia” (EmGD), composed of single or a group of atypical appearing glands or
surface epithelium, with enlarged, hyperchromatic nuclei and rare mitoses. The
nuclear atypia described is less than that seen in EIC. These glands have an “in-
termediate” level of p53 and Ki-67 expression. In subsequent molecular studies
[66], approximately a third of the foci of EmGD identified showed LOH at TP53 in
a pattern concordant with the coexistent EIC and USC. Concordant p53 mutations
have also been reported in EmGD and coexisting EIC and USC lesions [67].

The identificationof the“p53 signature” in the fallopian tube in associationwith in situ
carcinoma [68] has generated a search for a similar lesion in the endometrium. Jarboe
et al. reported the increased expression of p53 in cytologically benign appearing glands
adjacent to EIC involving endometrial polyps and in benign endometrial polyps. The
Ki-67 labeling index in these foci ranged from 0 to 20% (often <5%), akin to the p53
signature described in fallopian tubes.Concurrentmutation analysis of the p53 gene from
both the “p53 signature” and the adjacent EIC showed similar mutations in a subset of
cases, suggesting biological clonality [69]. Based on these findings, the authors suggest
that there might exist a latent precursor of EIC in the endometrial lining, similar to the
“p53 signature” lesions seen in the fallopian tube. Multiple such events with varying
mutations might occur early on with only a subset progressing to malignancy [69].

1 Endometrial Carcinoma: Precursor Lesions and Molecular Profiles 9



It has been postulated that the hypoxic environment of atrophic endometrium
promotes selection of cells able to overcome apoptosis, thereby selecting for cells
with p53 mutations.

B. Her-2/neu:

Her-2 receptor is a membrane-bound protein encoded by the Her-2/neu gene,
located on chromosome 17p. It belongs to the Her family of tyrosine kinase
receptors which include Her-1, Her-3, and Her-4. It is a tyrosine kinase receptor
with an extracellular ligand-binding domain, a trans-membrane component, and an
intracellular component related to tyrosine kinase enzyme [70, 71]. There is no
known ligand for the Her-2 receptor; activation occurs by homodimerization or
heterodimerization with other Her family receptors with Her-2/Her-3 heterodimer
forming the most potent combination for mitogenesis [72]. Her-2 receptors are
normally present on the cell membrane of non-neoplastic epithelial cells, but not in
enough numbers to result in dimerization and activation of the tyrosine kinase
enzyme. Her-2/neu gene amplification results in overexpression of the receptors
with homo- and heterodimerization and ultimately in activation of the tyrosine
kinase enzyme and related pathways resulting ultimately in increased cell prolif-
eration, survival, and migration [73].

Variable levels of Her-2/neu protein expression have been reported in USC [74–
77], and the concordance level with Her-2/neu gene amplification by Fluorescent In
Situ Hybridization (FISH) assay has also been variable. While Santin et al. [74]
found a high level of concordance between protein expression and gene amplifi-
cation, Mentrikoski and colleagues reported concordance between protein expres-
sion and gene expression in about 1/3rd of the cases. This is far short of the
concordance level of >95%, that is, mandated in breast carcinoma for this marker to
be clinically relevant. The heterogeneity of Her-2/neu protein expression reported in
the above studies might be attributed to small sample size, lack of standardized
Her-2/neu scoring system, different histological subtypes of cancer included, and
variation in the antibodies used.

Overexpression of Her-2 protein has been associated with poor prognosis and
shorter overall survival [75, 78, 79]. Santin and colleagues [80] have also reported a
significantly shorter survival in patients with Her-2/neu gene amplification, com-
pared to those without. However, other studies have failed to show such correlation
[81]. One of the explanations for this could be that the cases included in this study
were already high stage or recurrent.

Interest in the role of Her-2/neu gene in endometrial carcinoma increased after
the discovery of successful targeted therapy in patients with Her-2/neu-positive
breast carcinoma. The same efficacy has not been established in endometrial car-
cinoma yet. The utility and therapeutic efficiency of Her-2/neu-targeted therapy in
endometrial carcinoma may follow accurate and optimal patient selection.

10 S. Bandyopadhyay and R. Ali-Fehmi



C. EGFR:

Epidermal Growth Factor Receptor (EGFR/Her-1) is a trans-membrane tyrosine
kinase receptor (belonging to the Her family receptors). It is composed of an
extracellular ligand-binding domain, intracellular tyrosine kinase activity and a
portion spanning the cell membrane. Ligands associated with EGFR are EGF and
transforming growth factor a. Mutant variants of EGFR, while do not bind a ligand,
have activated tyrosine kinase resulting in increased cell progression and inhibition
of apoptosis. Although the studies are limited in the literature, EGFR overexpres-
sion has been reported in a significant subset of serous carcinomas; however,
concomitant EGFR mutations in these cases were not documented [82, 83].
Downstream PIK3CA mutations were identified in a small proportion of these cases
[83].

D. E-cadherin:

This is a cell adhesion molecule, which is present on the cell membrane and is
calcium-dependent. This molecule maintains the cell-to-cell adhesion by interacting
with the actin cytoskeleton of the cell and b-catenin. Reduced or negative
expression of E-cadherin has been attributed to loss of heterozygosity of the CDH1
tumor suppressor gene in serous carcinomas [84]. Decreased or aberrant E-cadherin
function has been implicated in the epithelial to myoepithelial transformation
pathway [85], which results in dyshesion of the affected neoplastic cells, increased
invasive and metastatic potential with tumor dedifferentiation. Decreased
E-cadherin expression has been associated with higher grade endometrial carci-
noma, increasing depth of invasion and increased lymph node metastasis [86].
Aberrant E-cadherin protein also results in cytosolic accumulation of b-catenin with
subsequent translocation to the nucleus. b-catenin is a key player in the Wnt sig-
naling pathway. By immunohistochemistry, E-cadherin and b-catenin expressions
are membranous, in non-neoplastic epithelium. Defective expression of the
E-cadherin protein results in aberrant staining pattern described as reduced and
patchy or negative, while b-catenin is seen to be cytosolic or nuclear. In uterine
serous carcinoma, authors have shown decreased E-cadherin expression in at least a
proportion of serous carcinoma [44, 84, 87, 88], suggesting that dysfunction of this
molecule may at least in part contribute to the aggressive behavior of these tumors.
Increased expression of E-cadherin in Stage I–III endometrial carcinomas has been
associated with a better prognosis [84]. A concurrent nuclear localization of
b-catenin is not observed in serous carcinomas, suggesting that the abnormalities of
this molecule are more relevant in the Type I carcinogenesis.

E. P16 (INK4a):

This is a tumor suppressor gene present on the 9p21 gene locus. It controls the G1-S
transition of the cell cycle via the pRB pathway. Any damage to p16 by mutation or
hypermethylation will result in defective tumor suppressor function of the pRB
gene, and this may result in overexpression of p16 protein, presumable due to an
aberrant negative feedback mechanism. Loss of p16 function in various neoplasms
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has been well documented including head and neck squamous cell carcinoma,
pulmonary neuroendocrine carcinomas and pulmonary squamous, and adenocar-
cinomas. High expression of p16 is also seen in cervical adenocarcinoma and
adenocarcinoma in situ, in these cases being used as a marker for high-risk HPV
infection. Although limited, studies have shown that a significantly higher pro-
portion of USCs are diffusely positive for p16 by immunohistochemistry when
compared to non-serous USC [89, 90]. These studies also demonstrated a lack of
high-risk HPV DNA in these cases of USC, suggesting alternate molecular
mechanisms might be involved in carcinogenesis. Table 1.1 summarizes the dif-
ferential involvement of various genes in Type I and Type II endometrial cancers.

Genomic Characterization of USC

Most recently, The Cancer Genome Atlas Research Network published its findings
from the genomic characterization of 373 endometrial carcinomas, which included
66 cases of USC. By unsupervised hierarchical clustering, they found that
endometrial carcinomas could be grouped into 4 distinct clusters. USC (along with
a subset of the FIGO 3 endometrioid carcinomas) formed a separate cluster which
was characterized by a high frequency of TP53 mutations (90%), fewer PTEN
mutations (11%), and MSI (6%). This cluster also included other gene amplifica-
tions, which included ERRB2, MYC, CCNE1, FGFR3, and SOX17. Tumors in this
“serous-like” cluster had a worse prognosis compared to the “endometrioid-like”
tumors [95].

Table 1.1 Differential involvement of genes in endometrioid and serous carcinoma of the
endometrium

Genes Function Endometrioid cancer
(%)

Serous cancer

PTEN Tumor suppressor gene 37–61 10%

K-ras Signal transducer 10–30 Almost absent

MSI Mismatch repair gene 17–30 Rare

TP53 Tumor suppressor gene 10–20 90%

Her2/neu Tyrosine kinase receptor 1–47 14–80%

E-Cad Calcium-dependent cell adhesion
molecule

20 62–90%

P16 Tumor suppressor gene 45%
inactivation

Reviewed in [91–94]
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Conclusion

USC is an aggressive variant of endometrial carcinoma with poor prognosis in even
seemingly limited or early-stage disease. This highlights the need to understand the
pathogenesis of this disease and identify novel therapeutic treatments. Continued
appraisal of its molecular alterations may help identify precursor lesions that may
be easier to cure. Furthermore, such understanding will identify specific changes
that can be targeted with novel approaches and drugs.
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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.

S.F. Lax (&)
Department of Pathology, Hospital Graz Sued-West,
Academic Teaching Hospital of the Medical University,
LKH Graz Süd-West, Standort West,
Göstingerstrasse 22, 8020 Graz, Austria
e-mail: sigurd.lax@kages.at

© Springer International Publishing AG 2017
M.T. Deavers and D.M. Coffey (eds.), Precision Molecular Pathology
of Uterine Cancer, Molecular Pathology Library,
DOI 10.1007/978-3-319-57985-6_2

21



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) 8441/2

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 II carcinoma

Estrogen-related Yes No

Endometrial histology Usually hyperplastic or disordered
proliferative

Usually atrophic

Estrogen- and
progesterone receptors

Usually positive Usually negative or
weakly positive

Age (median) 55–65 years 65–75 years

Stage Mostly stage I Mostly stages II–IV

Prognosis Favorable Unfavorable

Histological type Endometrioid + variants; Mucinous Serous, clear cell

Molecular alterations PTEN inactivation
Microsatellite instability
ß-catenin mutations
K-ras mutations

P53 mutations
E-cadherin inactivation

Molecular type according
to TCGA

Hypermutated, copy number low
(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),
CTNNB1 (ß-catenin) (30%) and PIK3R1 (20–45%) are typical for type I carcino-
mas, whereas mutations of TP53 (80–90%), FBXW7 (20–30%) and PPP2R1A (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 ARID1A 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 TP53 and PPP2R1A, but wild type
ARID1A, PTEN, CTNNB1 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 ARID1A, 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
PPP2R1A as well as overexpression of cyclin E1 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 (c), 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) (c) 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 (LVSI) 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 [51]. 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 1a � 5

FIGO grade 2a 6–50

FIGO grade 3 >50
aThe 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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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). ß-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].

Table 2.4 Immunohistochemical typing of endometrial carcinoma

Histologic type Typical immunohistochemical findings

Endometrioid G1/2
incl. variants

ER++/+++, PR++/+++, p53 wild typea, Ki67+/++, PTEN−/+, p16
heterogeneous

Endometrioid G3 incl.
variants

ER++/+, PR+/++, p53 heterogeneous, Ki67++/+++, PTEN−/+

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

Serous ER+, PR+, p53 mutanta, Ki67+++, PTEN++, p16+++

Clear cell ER−/+, PR−/+, p53 heterogeneous, PTEN+/−, p16+/−, HNF1ß ++,
Napsin A++, Rcemase++, ARID1A−/+

aP53 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]
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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 LVSI.

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

Fig. 2.3 Serous carcinoma with papillary, glandular, and solid growth patterns (a, b). Diffuse and
strong p53 immunoreactivity (c) and weak ER immunoreactivity (d) are typical
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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

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,
densely fibrotic or thin

Uniform, thin
and delicate or
broad

Short, thick with
hyaline bodies

Cells Columnar/polygonal;
proliferation with tufting
and budding; detached cell
clusters

Columnar,
pseudostratified;
cohesive

Polygonal or
hobnail shaped;
slightly detached

Luminal borders Scalloped Regular, smooth
(“straight”)

Irregular

Nuclear features Marked pleomorphism,
frequent mitoses

Mild
pleomorphism,
infrequent
mitoses

At least focal
marked
pleomorphism,
frequent mitoses

Immuno-histochemistry P53 diffusely positive or flat
negative
ER and PR negative/focal
positive
Ki-67 high

P53
negative/focally
positive
ER diffusely or
heterogenously
positive
Ki-67
low/moderate

P53 focally
positive
ER and PR
negative or mildly
positive
Ki-67 moderate to
high
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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-1ß, 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].

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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[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

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)
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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
(lymph) 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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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].

Table 2.6 2009 FIGO/UICC staging of endometrial carcinoma (including
carcinosarcoma/MMMT)

Stage pTNM Definition

I Tumor confined to the uterine corpus

IA pT1a No or less than one half myometrial invasion

IB pT1b Invasion equal to or more than one half of the myometrium

II pT2 Tumor invades cervical stroma but does not extend beyond uterus

III Local and/or regional spread of the tumor

IIIA pT3a Tumor invades the serosa of the uterus and/or adnexa

IIIB pT3b Vaginal and/or parametrial involvement

IIIC Metastases to pelvic and/or para-aortic lymph nodes

IIIC1 pN1 Positive pelvic nodes

IIIC2 pN2 Positive para-aortic nodes with or without positive pelvic nodes

IV 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
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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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Chapter 3
Immunohistochemical Markers
in Endometrial Carcinoma

Bojana Djordjevic and Russell R. Broaddus

Endometrial Carcinoma Versus Extramüllerian Primaries

Endometrial involvement by extragenital metastatic tumors is relatively infrequent.
Most commonly, these are carcinomas [1, 2]. Morphologic clues that suggest the
presence of a metastasis in the endometrium include an absence of a mass-forming
tumor and an absence of pre-neoplastic endometrial lesions. Metastatic tumors tend
to infiltrate endometrial stroma in the form of islands, small cell clusters or single
malignant cells. Endometrial glands are typically not involved [3–5]. Breast car-
cinoma is the most common extragenital metastasis to the endometrium, followed
by colon and gastric carcinoma [1, 2]. Rare cases of lung [6, 7], renal [8], and
pancreatobiliary [9, 10] metastases have also been reported.

While expression rates vary depending upon tumor histotype, a large proportion
of breast and endometrial neoplasms are estrogen receptor (ER) positive [11, 12].
Similarly, most breast and endometrial carcinomas express cytokeratin 7 (CK 7)
and are negative for cytokeratin 20 (CK20). In endometrial tumors with mismatch
repair deficiency, a lower percentage of cells express CK 7, which may cause
diagnostic confusion [13]. The most useful panel for distinguishing breast from
endometrial carcinoma consists of gross cystic disease fluid protein-15
(GCDFP-15), GATA binding protein 3 (GATA 3) and Pax 8. While GCDFP-15,
expressed in the cytoplasm, is specific for breast, it has poor sensitivity, identifying
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no more than 55% of breast tumors [14–16]. Mammaglobin is a more sensitive
breast marker, expressed in up to 71% of breast tumors [15], but it lacks specificity
with respect to endometrial carcinomas as up to 40% can be mammaglobin positive
[17]. GATA 3, a nuclear marker that is also expressed in urothelium [18], stains
over 90% of ductal and lobular breast neoplasms [19], but only 7% of endometrial
cancers [20]. Pax 8, a nuclear marker, stains over 90% of endometrial endometrioid,
serous and clear cell histotypes, and about 40% of mucinous endometrial carci-
nomas [21, 22]. Pax 8 is not expressed in breast carcinoma [22] (Fig. 3.1).

It may be challenging on occasion to distinguish a colorectal metastasis from an
endometrial endometrioid primary, as both endometrial endometrioid tumors and
colorectal adenocarcinomas of the usual type can have glands with pseudostratified
columnar cells and areas of mucinous differentiation. This problem may occur not
only in biopsy specimens, but also in some resection specimens, particularly when
the tumor transmurally involves the uterus, producing a fistula between the uterine
and the colonic lumens. While endometrial carcinomas are typically CK7 positive
and CK20 negative, and colorectal carcinomas are typically CK7 negative and
CK20 positive, it is important to note that a subset of colorectal tumors, particularly
those that are microsatellite instability high, may express CK7, which can lead to
diagnostic confusion [23]. Similarly, while CDX2 staining is typically ascribed to
colorectal primaries, CDX2 may be expressed in endometrial tumors, particularly in
areas of mucinous metaplasia or squamous morule formation [24, 25]. Additional
markers helpful for this differential diagnosis are Pax 8 and ER, both of which stain
endometrial endometrioid adenocarcinomas but not colorectal adenocarcinomas
[12, 22, 26].

As gastric adenocarcinomas may assume any variation of the CK7/CK20
immunoprofile, those markers are not particularly useful when a gastric metastasis
is considered. Again, Pax 8 and ER may be most helpful. In pancreatic carcinomas,
loss of DPC4 and expression of insulin-like growth factor II mRNA binding protein
3 (IMP 3) in 44% [27] and 97% [28] pancreatic carcinomas may be of use.

When a lung or thyroid metastasis to the endometrium is suspected, the
CK7/CK20 panel is not helpful. Caution is also needed with TTF-1, as up to 19% of
endometrial carcinomas may have at least focal expression of TTF-1 [29].
Similarly, thyroid carcinomas and renal tumors are generally Pax 8 positive [22].
Therefore, ER may be the most useful marker for endometrial tumors in this setting,
while Napsin A identifies 80% of lung adenocarcinomas [30] and thyroglobulin
may be used to identify thyroid primaries.

In the rare instances when a urothelial carcinoma metastasis to the endometrium
needs to be excluded, GATA 3 and CK20 (expressed in urothelial carcinoma), and
ER, Pax 8, and CK7 (expressed in endometrial carcinoma) may be helpful.

Consideration of endometrial versus extramüllerian primaries is also relevant in
the differential diagnosis of an unknown primary, especially when the first diag-
nosis of malignancy is made in a biopsy of an involved lymph node (Fig. 3.2). In
this context, it is particularly important to consider the endometrial tumor histotype
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Fig. 3.1 a–d Breast carcinoma with metastasis to the endometrium. Tumor cells appear as islands
and clusters of epithelial cells in the endometrial stroma, while the endometrial glands are
uninvolved (a and b, H&E, low and high power). Tumor cells are highlighted by GATA 3
immunohistochemistry (c). Pax 8 is negative (d). e–h Colonic signet ring cell carcinoma with
metastasis to the endometrium. e and f Tumor cells infiltrate endometrial stroma as cell clusters
and single cells. Again, endometrial glandular architecture is undisturbed. The tumor cells are
negative for CK7 (g), but do stain for CK20 (h)
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in the interpretation of immunohistochemical results in order to avoid diagnostic
confusion. For instance, in the majority of clear cell carcinomas and many serous
carcinomas of the endometrium, ER expression may be reduced or absent [12, 31,
32]. In addition, histotype-specific endometrial tumor markers may be a useful
adjunct under particular circumstances. These markers are discussed in detail in
Sect. 3.

Endometrial Carcinoma Versus Other Müllerian Primaries

Differentiation of endometrial and endocervical primaries on biopsy is a common
problem in routine gynecologic pathology practice and requires the use of
immunohistochemistry. This distinction is clinically relevant, as it determines the
type of subsequent treatment. Endometrial hyperplasia and/or squamous morules,
particularly in a post menopausal patient, favor endometrial origin, while pre-
menopausal age and presence of concurrent cervical squamous dysplasia or ade-
nocarcinoma in situ favor endocervical origin.

The most helpful immunohistochemical panel in this differential diagnosis
includes ER, vimentin, monoclonal carcinoembryonic antigen (mCEA), and p16.
Diffuse staining for p16 (cytoplasmic and nuclear) and diffuse membranous staining
for mCEA favor endocervical origin, while ER and vimentin staining favor an
endometrioid endometrial primary [33–36] (Fig. 3.3). Squamous morules in
endometrial carcinoma usually stain for mCEA and should not be included in the
interpretation. Similarly, the majority of endometrial tumors have patchy staining for
p16. Endocervical adenocarcinoma and adenocarcinoma in situ, however, have
diffuse, strong p16 expression (a surrogate marker of HPV infection at this site) [37,
38]. HPV in situ hybridization (ISH) is another test that can be used in conjunction
with the four marker immunohistochemical panel. It should be noted, however, that
false negative HPV ISH results may arise due to DNA degradation. ProExC is
another marker that has been shown to perform comparatively to p16 [39].

JFig. 3.2 a–h Work up of endometrial carcinoma as an unknown primary. Patient presented with
axillary lymphadenopathy without any history of malignancy. a and b H&E sections (low and high
power) show infiltrating glands and cords of carcinoma with high-grade nuclei in desmoplastic
stroma. No lymphoid tissue is evident. By immunohistochemistry, the tumor cells are negative for
ER (c), but do stain for Pax 8 (d) and GATA 3 (e). WT-1 (f), GCDFP-15 (g), and mammaglobin
(h) are negative. Other stains (not shown) included a positive CK7 and negative CK20 and TTF-1.
Diagnosis of high-grade carcinoma, favor Müllerian origin, was rendered on the basis of positive
Pax 8 and negative GCDFP-15 and mammaglobin. i and j The patient was subsequently found to
have an endometrial mass by imaging. Biopsy showed serous carcinoma with an immunohis-
tochemical profile similar to the tumor in the axillary lymph node. Note that serous carcinomas of
the endometrium are often negative (or weakly and focally positive) for ER and negative for
WT-1. In this regard, they differ from ovarian, fallopian tube and peritoneal serous carcinomas that
are typically positive for these markers. Note also that a small percentage of endometrial
carcinomas may stain for GATA 3
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Fig. 3.3 Immunohistochemical panel to aid in the distinction of endometrial (a, c, e, g, i) and
endocervical carcinomas (b, d, f, h, j). a and b H&E. c and d ER, e and f vimentin, g and h p16,
i and j monoclonal CEA. Typical endometrial endometrioid adenocarcinoma is usually strongly
and diffusely positive for vimentin and ER, has patchy expression of p16, and is negative for
monoclonal CEA. Endocervical adenocarcinoma of the usual type is typically negative for ER and
vimentin, and stains for monoclonal CEA. P16, a surrogate marker of HPV-driven tumorigenesis
in this location, is diffusely expressed
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The ER/vimentin/mCEA/p16 immunohistochemical panel must be interpreted
carefully and in the context of tumor morphology, as up to 50% of endocervical,
and as many as 70% of endometrial tumors may exhibit aberrant expression of at
least one of the markers [40]. Tumor differentiation should be taken into account
during interpretation [41]. For example, ER staining tends to be seen in endometrial
tumors of both endometrioid or mucinous differentiation, but may also be retained
in some endocervical adenocarcinomas [37]. On the other hand, tumors with
endometrioid differentiation, regardless of endometrial or endocervical origin, may
be positive for vimentin. Finally, mCEA works optimally in endocervical tumors
with mucinous differentiation (of endocervical type) [41]. High-risk HPV is the
pathogenetic agent in 67–91% of in situ and invasive endocervical adenocarcino-
mas [37]. Therefore, p16 is not diffusely expressed and HPV ISH is negative in a
small percentage of endocervical adenocarcinomas of the usual type. The
ER/vimentin/mCEA/p16 panel should be applied strictly to tumors with
endometrioid or mucinous differentiation of the endocervical type. Data on the role
of HPV in endocervical serous and clear carcinoma is scant and somewhat con-
troversial [39, 42, 43]. Furthermore, these tumor histotypes, both endocervical and
endometrial in origin, may overexpress p16 due to non-HPV related mechanisms.
This can produce misleading p16 immunohistochemical patterns, and, in the cervix,
discrepancies between p16 immunohistochemistry and HPV ISH results [39, 44].
HPV has not been reported in association with mesonephric adenocarcinoma, and
HPV has only infrequently been associated with mucinous cervical adenocarcinoma
(including the NOS, gastric type, signet ring cell) [43, 45–47]. Adenoid basal cell
carcinoma [43, 48], small cell carcinoma [42, 43, 49], and adenosquamous carci-
noma [43] are generally accepted as HPV-associated cervical carcinomas.

Rarely, independent primary endometrial and endocervical adenocarcinomas
co-exist in the same patient. In this instance, the endometrial and endocervical
tumors generally have a different histologic appearance and, in most cases, dis-
cordant immunohistochemical profiles [50].

Carcinomas arising in the lower uterine segment are generally thought to be
endometrial carcinomas, although experience with these tumors is limited. One
study has found that adenocarcinomas of the lower uterine segment generally have
the same immunohistochemical profile as conventional endometrioid adenocarci-
nomas arising in the uterine fundus [51].

Tumors from the upper genital tract originating in the ovary, fallopian tube, or
peritoneum may on occasion present in an endometrial biopsy and mimic an
endometrial primary [52, 53]. The morphologic clues in this situation include
detached fragments of tumor in a background of benign endometrium and/or tumor
involvement limited to the endometrial glands. Tumor from the upper genital tract
is thought to undergo intramucosal spread to the endometrium or the cervix. In the
case of serous carcinoma, immunohistochemistry for WT-1 and ER may be most
useful for identifying a possible extrauterine primary in endometrial biopsy spec-
imens. Serous carcinomas of ovarian, fallopian tube, and peritoneal origin typically
have strong and diffuse reactivity for WT-1 and ER. Endometrial serous carcino-
mas, on the other hand, tend to be WT-1 negative and only a proportion express ER
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[54–60] (Fig. 3.4). Similarly, WT-1 and ER can be employed in establishing the
origin of synchronous endometrial and upper genital tract tumors on resection
specimens. Additionally, for all tumor histotypes, mismatch repair protein
immunohistochemistry (discussed later in detail in part 4) for MLH1, MSH2,
MSH6, and PMS2 may be helpful in this context [61].

Subtyping of Endometrial Carcinoma

The first attempts at endometrial carcinoma classification recognized two broad
categories [62]. Bokhman type I tumors were well-to-moderately differentiated
adenocarcinomas that arose in the background of endometrial hyperplasia, had
superficial myometrial invasion, were responsive to progestin therapy, and had an
excellent prognosis. Women with hyperestrogenism and/or disturbances in carbo-
hydrate metabolism typically developed these tumors. Bokhman type II tumors, on
the other hand, had no apparent precursor lesion, were poorly differentiated ade-
nocarcinomas with deep myometrial invasion and metastasis to lymph nodes, and
were associated with a poor prognosis. While this initial model was informative,
our understanding of the complexity of endometrial carcinoma biology has since

Fig. 3.4 Serous carcinoma involving endometrial glands in an endometrial biopsy (a). The tumor
overexpresses p53 (b) and has diffuse expression of ER (c) and WT-1 (d). Given that many serous
carcinomas of the endometrium are WT-1 negative, and that ER expression is either absent or
reduced, the possibility of an upper genital tract primary, including from the ovary, fallopian tube,
or peritoneum, with intramucosal spread to the endometrium should be considered

50 B. Djordjevic and R.R. Broaddus



evolved significantly. Several key issues have arisen: (1) While most endometrial
cancers can be reproducibly classified using morphologic criteria [63], tumors with
ambiguous morphological features do exist [64]. Unlike mixed carcinomas in which
prototypical tumor types are found adjacent to each other in one neoplasm, tumors
with ambiguous morphology are characterised by a hybrid appearance, borrowing
from more than one established tumor histotype, and cannot be definitively clas-
sified as either of those histotypes. (2) Reproducible classification of high-grade
endometrial carcinomas, including grade 3 endometrioid, serous, clear cell, undif-
ferentiated carcinomas, and mixed carcinomas, is poor, even among gynecologic
pathology experts [65].(3) Endometrial cancers have complex molecular profiles
with sometimes overlapping molecular abnormalities from one histotype to the
next. For example, p53 mutations may be found in tumors with otherwise classic
endometrioid or clear cell molecular profiles [66]. (4) Histologic features do not
always correlate with tumor behavior. For example, a subgroup of low-grade and
low-stage tumors is known to be clinically aggressive and recur or metastasize to
lymph nodes. According to The Cancer Genome Atlas (TCGA) data for endome-
trium, 24% of grade 3 endometrioid tumors and 5% of grade 1 and 2 endometrioid
tumors cluster into the poorest prognostic group along with non-endometrioid
(predominantly serous) endometrial carcinomas [67]. On the other hand, tumors
with mutations in the catalytic subunit of the DNA polymerase epsilon have been
shown to have an excellent prognosis [67–70], and although about two-thirds of
these tumors are endometrioid, the rest are mixed carcinomas or carcinomas with
ambiguous features.

A relatively common problem in clinical practice arises in the differentiation of
endometrioid from serous or clear cell histotypes. In either instance, assigning a
non-endometrioid designation to the tumor, or tumor component, may subscribe the
patient to more aggressive adjuvant therapy or more extensive surgery if the
diagnosis is made on an endometrial biopsy. Thus, accurate histotype assignment is
of clinical significance. While histologic diagnosis remains the mainstay of routine
clinical practice, immunohistochemistry has recently emerged as an ancillary tool to
help classify difficult cases and to improve interobserver variability. However, due
to the biological complexities outlined above, the use of immunohistochemical
panels rather than solitary immunomarkers is recommended, and the findings must
be interpreted in the context of histologic features.

Endometrioid endometrial carcinoma may mimic clear cell carcinoma in areas of
secretory change or areas of squamous metaplasia with cytoplasmic clearing [71,
72]. Although clear cell carcinoma typically has nuclear pleomorphism that exceeds
that of typical endometrioid carcinoma, in endometrioid adenocarcinomas with
more atypical nuclei, this may be a diagnostic dilemma. The most reliable markers
that are of utility in making this distinction, include ER, hepatocyte nuclear factor 1
beta (HNF-1b), Napsin A, and racemase (Fig. 3.5). Most clear cell carcinomas do
not express ER, and in cases that do, the staining is typically focal or weak [73–75].
On the other hand, ER is positive in a majority of grade 1 and 2 endometrioid
adenocarcinomas, and in approximately 50% of grade 3 tumors [12]. Most clear cell
carcinomas are positive for HNF-1b [73, 76], a nuclear marker. However, up to
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Fig. 3.5 Novel markers that may aid in distinction between endometrial endometrioid (a, c, e, g, i)
and clear cell carcinoma (b, d, f, h, j). a, b H&E, c, d ER, e, f HNF1b, g, h Napsin A, i, j racemase.
An immunophenotype favoring endometrioid adenocarcinoma includes a positive ER, and a
negative or a focally positive HNF-1b, Napsin A, and racemase. An immunoprofile that favors clear
cell carcinoma includes a negative ER, and positive HNF-1b, Napsin A, and racemase
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50% of endometrioid adenocarcinomas may have weak focal expression of HNF-1b
[73, 76, 77]. Napsin A, a cytoplasmic marker, has recently been reported to be
expressed in 67–88% of clear cell and 0–5% of endometrioid endometrial carci-
nomas [78, 79]. Alpha-methylacyl-coenzyme-A racemase, or p504s, is a sensitive
and specific cytoplasmic marker of prostate adenocarcinoma [80] and several other
neoplasms [81, 82]. In endometrial tumors, racemase is expressed not only in 75%
of clear cell, but also in 22% of endometrioid adenocarcinomas. In addition, in a
third of clear cell carcinomas racemase expression is focal (5% of cells or less),
which limits its practical utility in this situation. Nuclear BAF250a protein is lost in
tumors with ARID1A gene mutations. Although 20–40% of clear cell carcinomas
have BAF250a loss, the same immunohistochemical result is found in 39–54% of
high-grade endometrioid adenocarcinomas [83–87]. Therefore, BAF250a is not
particularly helpful in this differential diagnosis. Aberrant p53 staining, defined as
either overexpression (>90% of cells with 3+ staining intensity) or complete
absence of staining, and diffuse staining for p16 (as opposed to patchy p16 staining)
favor clear cell carcinoma over endometrioid adenocarcinoma. However, these
changes are present in less than a third of clear cell carcinomas and may be found in
some high-grade endometrioid adenocarcinomas [12, 66, 75, 83, 85, 88], thus
making these markers of limited utility in this differential.

Serous and endometrioid adenocarcinoma are typically reliably distinguished on
the basis of nuclear pleomorphism and nuclear size variability, as well as loss of
nuclear polarity, all features typically found in serous carcinoma. However, in
high-grade endometrioid tumors, this distinction may be more difficult. In addition,
architectural features including endometrioid tumors with papillae (with or without
fibrovascular cores), predominantly gland-forming serous tumors, or serous or
endometrioid carcinomas with a solid growth pattern, may make accurate classi-
fication on morphologic grounds alone problematic [72, 89, 90]. For the differential
diagnosis of endometrioid versus serous carcinoma, useful markers include PTEN,
IMP3, BAF250a, ER, p16, and p53 (Fig. 3.6). Although PTEN immunohisto-
chemistry historically has been challenging, recent success and reproducible results
have been demonstrated with the 6H2.1 antibody [91–93]. In order for a tumor to be
considered as having PTEN loss (a predominantly cytoplasmic and focal nuclear
marker), greater than 90% of cells in the tumor or in large geographic areas of
tumor should be negative in the presence of a strong internal cytoplasmic control
[94]. PTEN is lost in up to 75% of endometrioid adenocarcinomas [94], but is
retained in a majority of serous carcinomas [66, 95–98]. IMP 3, a cytoplasmic
marker, has been shown to be expressed in 63–98% of serous carcinomas, while
negative in 97% of low grade and 80% of grade 3 endometrioid adenocarcinomas
[59, 99]. BAF250a expression is lost in 39–54% of high-grade endometrioid ade-
nocarcinomas and in 9–18% of serous carcinomas [83–87]. ER is lost in about 50%
of serous endometrial carcinomas, but as mentioned earlier is expressed in most low
grade and in 50% of grade 3 endometrioid adenocarcinomas [12, 31, 32, 98].
Ninety-two percentage of serous carcinomas have diffuse p16 expression, compared
to only 7% of low-grade and 25% of high-grade endometrioid tumors [12].
Similarly, the rate of aberrant p53 expression (overexpression or complete absence
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of expression, as stated earlier) in serous carcinoma is 77–93%, compared to less
than 20% in endometrioid adenocarcinoma (83, 100).

Endometrial Carcinoma and Lynch Syndrome

Lynch syndrome occurs due to a germ line mutation in a gene corresponding to a
family of DNA mismatch repair (MMR) proteins, MLH1, MSH2, MSH6, and
PMS2. The hallmark cancers of Lynch syndrome are colorectal adenocarcinoma
and endometrial carcinoma, while less common cancer types include ovarian car-
cinoma, urothelial carcinomas of the ureter and renal pelvis, duodenal adenocar-
cinoma, and gastric adenocarcinoma. Loss of DNA MMR protein function typically
results in high levels of DNA microsatellite instability (MSI). In 15–20% of all
sporadic endometrial carcinomas, MLH1 immunohistochemical loss and MSI are
secondary to MLH1 gene promoter methylation with subsequent transcriptional
silencing [101–105].

Early identification of Lynch syndrome in a patient with endometrial cancer is
essential, not only to identify other family members with the syndrome, but also to
proactively manage the patient’s own increased risk of developing subsequent
cancers. In particular, for women with Lynch syndrome, endometrial cancer is
considered to be a “sentinel cancer” that precedes colorectal cancer by approxi-
mately one decade [106]. It is currently recommended that all newly diagnosed
colorectal cancer patients undergo tissue testing for Lynch syndrome regardless of
their family or personal history [107, 108], since clinical screening tools that are
based on age and personal and family history of Lynch-associated tumors miss a
significant proportion of patients [109]. Tumor tissue testing for Lynch syndrome
involves MMR immunohistochemistry, MSI analysis and MLH-1 methylation
analysis. MLH-1 methylation analysis is required for all tumors that exhibit MLH1
immunohistochemical loss, which may be due to MLH-1 promoter methylation (in
sporadic cases) or MLH-1 gene mutation (in Lynch syndrome). For optimal testing
sensitivity, MMR immunohistochemistry and MSI analysis should be used in
conjunction [110]; however, a number of different groups have demonstrated that
immunohistochemistry alone has high sensitivity and specificity in identifying

JFig. 3.6 Novel markers that may aid in distinction of endometrial endometrioid (a, c, e, g, i, k, m)
and serous carcinoma (b, d, f, h, j, l, n). a, b H&E, c, d PTEN, e, f IMP 3, g, h BAF250a, i, j ER,
k, l p16, m, n p53. An immunoprofile favoring endometrioid adenocarcinoma includes loss of
PTEN, negative IMP3, loss of BAF250A, diffusely expressed ER, patchy p16, and wild type p53
expression. An immunoprofile favoring serous carcinoma includes retained PTEN, positive IMP3,
retained BAF250a, negative or focally positive ER, diffuse p16, and aberrant p53 expression
(overexpression or complete absence of expression)
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endometrial carcinomas with high levels of MSI [111–115]. The remainder of the
discussion in this chapter will focus on practical issues concerning MMR
immunohistochemistry.

Immunohistochemistry for MMR proteins is carried out using commercially
available antibodies that work quite reliably [116]. Gene mutation of MMR genes or
methylation of the MLH1 gene promoter typically results in loss of immunohis-
tochemical expression of the corresponding protein. Complete absence of nuclear
expression should be observed in order for a tumor to be considered as having loss
of an MMR marker. Strong nuclear staining in the surrounding endometrial stroma,
myometrium, lymphocytes, or normal endometrium serves as an internal positive
control. The MSH2 and MSH6 proteins and the MLH1 and PMS2 proteins act as
functional pairs [117]. Therefore, when MLH1 protein expression is lost (due to
mutation of the MLH1 gene or methylation of MLH1 gene promoter), there is
typically secondary loss of PMS2 protein expression. Mutation of the PMS2 gene is
typically associated with loss of PMS2 protein alone with retained MLH1
immunohistochemical expression. Similarly, mutation of the MSH2 gene usually
results in immunohistochemical loss of MSH2 and MSH6 proteins. On the other
hand, mutation of MSH6 gene results only in MSH6 protein loss, while MSH2
protein expression remains intact.

In terms of MMR immunohistochemistry reporting recommendations, it is
important to note that for the vast majority of cases the percentage or intensity of
staining is not relevant and that the interpretation result should be either positive or
negative. Terminology such as “focally positive,” “patchy staining,” “weakly
positive,” “positive in X% of cells,” or “equivocal staining” should be avoided. If
the tumor is negative, it should be indicated that internal control stromal
cells/normal mucosa are positive.

Several pitfalls in the interpretation of MMR immunohistochemistry exist. Most
commonly, false negative results occur in the setting of an inadequate internal
positive control (Fig. 3.7). On the other hand, immunohistochemical staining of the
tumor may be focal or relatively weak, particularly in the case of MSH6. In most
cases, this represents genuine nuclear staining. Both of these problems may be
resolved by repeating the immunohistochemistry with prolongation of the antibody
incubation time or by using a different tissue block. Another immunohistochemical
issue involves cytoplasmic tumor staining, regardless of the presence or the absence
of nuclear staining, especially when the tissue has previously been frozen for the
purposes of intraoperative consultation. Cytoplasmic staining should be disregarded
in the evaluation of MMR immunohistochemistry. Finally, endometrial stroma or
tumor infiltrating lymphocytes may cause difficulties in MMR immunohisto-
chemistry interpretation. Typically, however, these cells are relatively focal and
appear within a background of immunohistochemically negative nests and sheets of
tumor cells. Awareness of this pattern and correlation with the corresponding H&E
features should resolve this particular diagnostic dilemma.
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Chapter 4
Molecular Pathology of Endometrioid
Adenocarcinoma

Katherine C. Kurnit, Bojana Djordjevic and Russell R. Broaddus

Introduction

The most common subtype of endometrial adenocarcinoma is endometrioid ade-
nocarcinoma, with prevalence rates of around 80% [1, 2]. According to the
Bokhman classification [3], these tumors are generally classified as Type I and tend
to be associated with a better prognosis than Type II tumors [1, 2]. Endometrioid
endometrial adenocarcinomas generally present at an earlier stage than
non-endometrioid tumors and often have lower rates of recurrence [2]. Despite
these less aggressive clinical characteristics, a subset of endometrioid carcinomas
does behave more aggressively, and recent research has focused on characterizing
the genotypic differences that may account for this. Molecular characterization of
endometrioid adenocarcinoma can also provide potential therapeutic targets for
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matched targeted therapy trials, as current chemotherapy and radiation therapy
approaches to the treatment of advanced/recurrent endometrioid-type endometrial
cancer are not optimal.

PI3K/AKT Pathway

Activation of the PI3K/AKT signaling pathway is common in endometrial cancer,
with pathway alterations reported to occur in over 80% of endometrioid endome-
trial cancers [4–6]. PTEN alteration is the most common, but other genes in this
pathway have been found to be mutated in endometrial cancer as well, including
PIK3CA, PIK3R1, and PIK3R2 [4, 6, 7]. Additionally, mutations in multiple genes
comprising this pathway have been shown to occur concomitantly [4, 8–10].
Survival outcomes have been mixed, but the literature suggests that PI3K pathway
mutations may be associated with worse clinical outcomes [8, 11, 12]. Further, a
study by Nout et al. showed a worse disease-free survival in endometrioid
endometrial carcinomas when mutations within multiple signaling pathways,
including the PI3K/AKT pathway, co-occur [8].

PTEN

The phosphatase and tensin homolog (PTEN) gene encodes a protein which
functions as a tumor suppressor within the PI3K/AKT pathway [13, 14].
Inactivation of the PTEN gene is one of the most frequent mutations within this
pathway and within endometrioid endometrial cancer in general, with described
prevalence rates ranging from 15 to 80% [4, 13, 15–20].

PTEN mutations have been identified in both endometrial hyperplasia and in
endometrial cancer and are thought to be an early event in tumorigenesis [21–23].
These mutations have been seen in both sporadic tumors and, to a lesser extent, in
tumors associated with Lynch Syndrome [24]. PTEN mutations are more common
in endometrioid endometrial cancer than in mixed or serous tumors [14, 16–18, 25].
Data regarding the relationship between PTEN mutations and microsatellite insta-
bility (MSI) status are mixed, with some studies showing higher rates of MSI-high
in tumors with PTEN mutations, while others show no relationship [5, 25, 26].

However, Djordjevic et al. recently demonstrated that intact PTEN protein
expression (and the presence of PTEN wild-type gene) was associated with
microsatellite-stable (MSS) non-endometrioid endometrial carcinomas, while no
such relationship existed in endometrioid endometrial tumors [27]. Approximately
90% of deleterious PTEN mutations are associated with immunohistochemical
(IHC) loss of PTEN protein [14] (Fig. 4.1). Interestingly, in approximately 40% of
endometrial carcinomas, IHC loss of PTEN protein expression is associated with no
gene sequence abnormality [14]. This is likely due to the fact that PTEN protein and
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mRNA can be regulated by a variety of different mechanisms independent of gene
mutation [28]. Therefore, for clinical purposes, immunohistochemistry may be a
preferable method of detecting endometrial carcinomas with loss of PTEN function.

Multiple studies have attempted to characterize the relationship between PTEN
endometrial cancer mutations and survival outcomes. In a single institution study of
221 endometrial cancer patients, Akiyama-Abe et al. performed IHC staining for
PTEN and found loss of protein expression in 25% of tumors. In those with loss of
PTEN expression, the authors found a significant association with endometrioid
histology and decreased lymphatic–vascular invasion, as well as a significant
improvement in overall survival [16]. Interestingly, they did not find any differ-
ences in rates of advanced stage at presentation or early grade tumors. Improved
outcomes including survival and recurrence rates with PTEN mutations have
similarly been shown in some, but not all, prior studies [25, 29, 30]. In contrast, a
recent study of 187 endometrioid endometrial cancer patients by Westin et al. found
that, in aggregate, there was no difference in progression-free survival of patients
with IHC-determined loss of PTEN function compared with those tumors that

Fig. 4.1 PTEN
immunohistochemistry.
a Endometrial carcinoma with
intact positive protein
expression of PTEN. No
PTEN gene mutation was
detected by next-generation
sequencing. b Endometrial
carcinoma with PTEN gene
mutation and associated loss
of PTEN protein expression.
Note intact expression of
PTEN protein in adjacent
stromal cells, which acts as an
internal positive control
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retained PTEN function. However, on a sub-analysis of stratification by body mass
index (BMI), loss of PTEN function in the presence of obesity (BMI � 30) was
associated with significantly improved progression-free survival, whereas
non-obese patients (BMI <30) were found to have significantly worse
progression-free survival in the setting of PTEN loss [31].

PIK3CA

The PIK3CA gene encodes the p110-alpha subunit of PI3K, which functions as the
catalytic subunit of the protein complex [6, 32]. Mutation prevalence for
endometrial cancer has been reported to be between 20 and 36% [4, 10, 11, 32–35],
with mutations being more frequent in endometrioid than non-endometrioid tumors
[4, 32]. Concurrent PIK3CA and PTEN mutations in endometrial carcinomas have
been found in multiple studies [4, 10, 11]. There are also some data to support
higher rates of MSI-high in endometrial tumors with PIK3CA mutations [36, 37],
though not all studies have found this to be the case [5].

In general, endometrial tumors with PIK3CA mutation appear to be more
aggressive than those without, with trends toward worse survival outcomes [12, 17,
36]. McIntyre et al. [36] found that PIK3CA mutations were associated with worse
disease-specific survival in grade 3 endometrioid tumors, but this association did not
persist on multivariate analysis and, interestingly, was not present for serous tumors
harboring PIK3CA mutations. Catasus and colleagues similarly investigated 109
predominantly endometrioid endometrial carcinomas and found increased rates of
myometrial invasion and lymphatic–vascular space invasion in association with
PIK3CAmutations. Interestingly, they showed higher rates of grade 3 tumors as well
as increased myometrial invasion or cervical involvement when mutations occurred
in exon 20, compared with mutations on exon 9 which were more often associated
with early grade tumors and invasion of less than half of the myometrium [11]. These
data suggested that, in addition to PIK3CA mutations being important for survival
outcomes, some PIK3CA mutations may be more relevant than others. This muta-
tional diversity phenomenon, the overall tendency toward worse prognosis associ-
ated with PIK3CA mutations, and the complex nature of the PI3K/AKT pathway
may account for some of the reasons why, despite the availability of multiple
PI3K/AKT pathway inhibitors, clinical trials have failed to show consistent benefit
with the use of PI3K/AKT targeted therapy in endometrial cancer [38].

PIK3R1 and PIK3R2

The PIK3R1 and PIK3R2 genes encode the p85-alpha and p85-beta regulatory
subunits of PI3K [4, 6], which form a dimer that assists in stabilization of PTEN.
A 2011 study by Cheung et al. further characterized the role of PIK3R1 in
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endometrial tumors and described largely for the first time the presence of PIK3R2
mutation in endometrial cancer [4, 39]. Mutation rates in endometrial carcinoma are
20–43% for PIK3R1 [4, 40], and 5% for PIK3R2 [4]. Findings from these studies
suggest that PIK3R1 and PIK3R2 mutations may lead to activation of the
PI3K/AKT pathway and thereby contribute to endometrial cancer tumorigenesis.

ARID1A

The ARID1A gene encodes a non-catalytic subunit of the SWI/SNF complex, which
aids in chromatin remodeling [41, 42]. Bosse et al. [42] found that 27% of
endometrioid endometrial cancers had ARID1A mutation and that these mutations
were commonly associated with PI3K/AKT pathway mutations. ARID1A mutations
appear to be more common with MSI-high tumors [37, 42–44], and it has been
suggested that ARID1A may play a role in epigenetic silencing of MLH1 [42]. An
interesting study by Mao et al. analyzed ARID1A mutations in 246 cases ranging
from normal endometrium to high-grade endometrial cancer. They found no
mutations in normal tissue, areas of clonal but not complete loss within 16% of
complex atypical hyperplasia cases, complete loss in 25% of low-grade
endometrioid endometrial cancers, and complete loss in 44% of high-grade
endometrioid tumors [45]. These results were notable, as they suggested a possible
role in tumor progression for ARID1A mutations which had not previously been
well described. As data are still limited regarding ARID1A mutations in endometrial
cancer, little is available regarding survival outcomes. While Allo and colleagues
found that ARID1A mutations do appear to be present within high-grade
endometrioid tumors, they were unable to find a difference in progression-free
survival within the endometrioid endometrial cancer group [43].

KRAS

The KRAS gene encodes the K-Ras protein, which functions along the RAS/MAPK
pathway and helps regulate cell division [46]. Prevalence rates of KRAS mutation in
endometrial cancers have been reported to be between 10 and 30% [4, 47, 48].
Several studies have found similar rates of KRAS mutation in endometrial hyper-
plasias and endometrial cancers, suggesting that KRAS mutation may represent an
early event during tumorigenesis [47, 49].

KRAS mutations are more frequent among endometrioid and mixed
endometrioid histologies, compared to non-endometrioid endometrial cancers [18,
50, 51]. Furthermore, KRAS mutation rates are higher in endometrioid tumors
showing increasing amounts of mucinous differentiation [52], which may be clin-
ically significant since mucinous differentiation has been associated with lymph
node involvement [53]. Some studies have suggested that endometrial cancers with
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KRAS mutation tend to be associated with lower endometrioid grade, though others
have found no association with grade [50, 51, 54]. Like many other mutations in
endometrioid endometrial cancer, KRAS mutations are more frequently found in
MSI-high tumors than MSS tumors [44]. Interestingly, atypical endometrial
hyperplasia with MSI-high exhibits wild-type KRAS, suggesting that defects in
DNA mismatch repair precede KRAS mutation [24, 55].

There are limited data regarding clinical outcomes in endometrioid endometrial
cancers with KRAS mutation. Birkeland et al. analyzed KRAS mutations from 264
primary and 22 metastatic endometrial carcinomas. They found KRAS mutations to
be more prevalent among grade 1 and 2 tumors, in those with endometrioid his-
tology, and in obese women. There was no association with prognosis, and there
were no differences in mutation rates among the primary and metastatic tumors
[56]. In contrast, Ito et al. showed that in a cohort of 221 endometrioid endometrial
cancers, there was a higher prevalence of KRAS mutation among patients older than
60 years of age who had recurrence of their disease or died due to disease [54].

Several studies have also examined for a possible association between tamoxifen
use and KRAS mutation within the endometrium [46, 57, 58]. A small retrospective
study by Turbiner et al. found that women with endometrial cancer who were taking
tamoxifen for breast cancer had a higher incidence of KRAS mutations. Within the
tamoxifen cohort, 16 of the 18 tumors were endometrioid, one was of mixed
histology, and one was a clear cell carcinoma [46]. Interestingly, a subsequent study
by Tsujioka et al. similarly saw increased KRAS mutations in benign polyps within
the endometrium of women taking tamoxifen, but found that after cessation of
tamoxifen use the KRAS mutations were no longer identified [58].

Several studies have suggested that the presence of a KRAS mutation may cor-
relate with poorer responses to several targeted therapies, especially those targeting
the PI3K/AKT pathways such as mTOR inhibitors [6, 59]. A small in vitro study by
Weigelt et al. found an increased resistance to mTOR inhibitors in endometrial
cancer cell lines harboring PIK3CA and/or PTEN mutations with a coexisting KRAS
mutation, though it did show that a subset of these cells still retained some sensitivity
to other forms of PI3K pathway modulation [60]. A recent phase II trial of ever-
olimus in 35 patients with recurrent endometrial cancer showed that none of the
patients with a KRAS mutation and positive staining for pS6 (a marker of down-
stream activation of the PI3K/AKT/mTOR pathway) had a prolonged response to
the mTOR inhibitor [61]. In contrast, an in vitro and in vivo study of the effects of
metformin on endometrial cancer cell lines by Iglesias et al. found increased
apoptosis in cells with KRAS mutation, as well as lower mean tumor weights.
Interestingly, the presence of a PTEN mutation had no effect on tumor response to
metformin in these cell lines. Metformin’s mechanism of action as a potential cancer
therapeutic is thought to involve a decrease of tumor growth, and based on these
data, it appears that this effect is potentiated in KRAS mutant cells. The authors
therefore suggested that this may be due to phosphorylation of the activated K-Ras
protein by Protein Kinase C, which subsequently leads to its removal from the
plasma membrane and, ultimately, to apoptosis of the tumor cell [62].
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CTNNB1

The CTNNB1 gene encodes the protein b-catenin, which functions as a member of
the canonical Wnt pathway. In normal endometrium, b-catenin is expressed pri-
marily at the cell membrane of glandular epithelial cells. CTNNB1 mutation leads to
less degradation of b-catenin protein, causing the protein to accumulate in the
cytoplasm or translocate to the nucleus (Fig. 4.2), where it subsequently serves as a
transcription factor for Myc, cyclin D1, and E-cadherin [63–65]. CTNNB1 muta-
tions have been discovered in up to 45% of endometrioid endometrial cancers [20,
65–69]. In 2013, The Cancer Genome Atlas (TCGA) reported on a genomic
investigation of 373 endometrial carcinomas, which identified frequent mutations in
the CTNNB1 gene, specifically in the subset of endometrioid carcinomas [44].
Interestingly, in this analysis, 52% of the microsatellite-stable (MSS) tumors tested
had a mutation in CTNNB1. In contrast, tumors with high microsatellite instability
showed infrequent CTNNB1 mutations [44].

Fig. 4.2 b-catenin
immunohistochemistry in
normal endometrium (a) and
endometrial carcinoma with
CTNNB1 gene mutation (b).
In normal endometrial
epithelium, b-catenin protein
shows strong, membranous
expression, with little-to-no
cytoplasmic or nuclear
expression. In endometrial
carcinomas with CTNNB1
(encodes b-catenin) mutation,
b-catenin protein is inhibited
from degradation, allowing
translocation from the
membrane to the cytoplasm
and nucleus. Nuclear
expression helps to drive
activation of the WNT
signaling pathway
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Several earlier studies have suggested an association of CTNNB1 mutations with
lower grade and earlier stage endometrial cancers, as well as with endometrioid
histology [63, 66, 70–72]. Moreno-Bueno et al. investigated 128 endometrial
cancers, including 95 with endometrioid and 33 with non-endometrioid histology.
CTNNB1 mutations were detected in 14.9% of the endometrioid tumors, but in none
of the non-endometrioid tumors [66]. Fukuchi et al. analyzed 76 endometrial
tumors and found that of the 10 tumors with CTNNB1 mutations, all except one
were well- or moderately differentiated endometrioid carcinomas. Among these
tumors, all except one were stage 1 or 2 at the time of diagnosis [63]. Similarly,
findings of a predominance of grade 1 or 2 tumors have been reported by several
other studies [70–72].

Recent findings suggest that endometrial cancers with beta-catenin mutations
may represent a more aggressive subset of early endometrioid endometrial cancers
[72–75]. Liu et al. performed consensus clustering of 271 of the endometrioid
endometrial cancers used in TCGA, which revealed four distinct clusters of gene
signatures. The group designated Cluster 2 represented a subset of low-grade,
low-stage tumors with significantly higher frequencies of CTNNB1 mutations and
evidence for activation of the WNT/b-catenin signaling pathway. This group
exhibited lower overall survival than even the higher grade and higher stage
clusters, and was comprised of a younger, more obese subset of patients [73].
Similarly, Myers et al. performed a case-control analysis of 50 patients with
low-grade, stage IA endometrioid endometrial carcinomas in order to further
characterize those patients who had a recurrence of their early disease [74]. This
study investigated the frequency of three commonly mutated genes in endometrial
cancer, including PIK3CA, CTNNB1, and KRAS. They found that CTNNB1
mutations were more frequent among the 12 patients with recurrent disease than
among the 38 patients who did not recur and that there were no differences in rates
of PIK3CA or KRAS mutations. In contrast to Liu et al., however, Myers et al.
found the subset of patients with a recurrence to have a lower body mass index
(BMI) than those without a recurrence of their disease.

TP53

The TP53 gene encodes the p53 protein which assists in cell cycle arrest and
apoptosis, and its mutation is frequent in numerous cancer types, including
endometrial cancer [76, 77]. While prevalence rates are much higher in
non-endometrioid than endometrioid endometrial carcinomas [18, 78], the majority
of publications evaluating TP53 mutations in endometrial cancer were done in
predominantly endometrioid tumors, and rates of TP53 mutation have still been
reported to be 10–35% [44, 69, 77–83]. Lower grade endometrioid carcinomas may
have higher frequencies of concurrent TP53 and PTEN mutations compared with
serous carcinomas and grade 3 endometrioid tumors, suggesting that the mechanism
for p53-related tumorigenesis is different in endometrioid versus non-endometrioid
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tumors [44]. In support of this idea, Kaku et al. found a higher rate of TP53
mutations in endometrial carcinomas without associated hyperplasia than in those
with hyperplasia [84].

As discussed above, data from TCGA suggested that TP53 mutations tended to
cluster within the endometrial tumors showing serous histology and grade 3
endometrioid histology [44]. Other authors have found a similar association
between grade 3 tumors and TP53 mutation [78, 80, 85, 86]. Interestingly, a study
by Kuhn et al. found prevalence rates of 30% within a sample of 20 undifferentiated
endometrial tumors, 12 of which had both an endometrioid and undifferentiated
component. When present, the TP53 mutations were seen in both the undifferen-
tiated and its corresponding endometrioid components, with the exception of one
tumor which only showed a TP53 mutation in the undifferentiated aspect of the
tumor, suggesting a possible role of p53 in tumor progression (Kuhn). While
several studies also suggest an association between TP53 mutation and advanced
stage, not all studies have found this to be the case [78, 82, 85, 87]. Similarly, no
consensus findings of a relationship between TP53 mutation and depth of invasion,
lymphatic–vascular space invasion, or metastatic disease have been demonstrated
[78, 82, 85, 87].

In general, clinical outcomes in patients with endometrioid endometrial cancer
harboring TP53 mutations appear to be worse than in those without TP53 muta-
tions. Lee et al. examined 131 patients with predominantly endometrioid
endometrial cancer and found TP53 mutation to be an independent prognostic
indicator of poor overall survival and disease-free survival [82]. Other studies have
shown a similar association with poor overall survival or disease-free survival,
though many studies were unable to demonstrate a statistically significant difference
in multivariate analysis [78, 80, 85, 88–93]. Reasons for the somewhat heteroge-
neous findings of these studies may include the wide range of numbers of patients,
differences in histologic representation, and variation in methodologies for evalu-
ation of TP53 mutational status. Several studies have also looked at the effect of
TP53 mutations on outcomes in important subpopulations. For example, a study of
136 endometrial cancer patients by Oreskovic and colleagues found worse overall
survival on multivariate analysis in those patients with grade 1 and grade 2, but not
grade 3, tumors [94]. There is some evidence that the presence of TP53 mutation
can help impact therapeutic approaches to patients with endometrioid endometrial
carcinoma. Saffari et al. found that, in a group of 53 endometrioid endometrial
carcinoma patients, TP53 mutation was associated with worse overall survival on
multivariate analysis. In those women with TP53 mutations who received adjuvant
radiation therapy, survival outcomes were similar to wild-type patients with and
without radiation treatment, and all three of these subgroups demonstrated better
survival than patients with TP53 mutation-containing tumors who did not receive
adjuvant radiotherapy [93].
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Microsatellite Instability

DNA mismatch repair (MMR) is controlled by a family of nuclear proteins,
including MLH1, MSH2, MSH6, and PMS2. Defects in MMR can result from
germline mutations in the genes encoding these proteins (Lynch Syndrome) or, in
sporadic endometrial and colorectal carcinoma, from hypermethylation of the
MLH1 gene promoter. MMR defects are manifested as high levels of microsatellite
instability (MSI-high, assessed clinically via a PCR-based assay) and by loss of
mismatch repair protein expression in immunohistochemistry-based assays as
demonstrated in Fig. 4.3 [95]. Prevalence of MSI-high in endometrial cancer has
been reported to be around 15–40% [26, 50, 96–102], with 15–25% being the most
common. In most published studies, no distinction is made between germline
versus sporadic MMR loss, although it can be inferred that the vast majority of
endometrial cancers with defective MMR are sporadic cancers with MLH1 protein
loss due to MLH1 gene methylation.

MMR loss and MLH1 hypermethylation are thought to be early events during
tumorigenesis in endometrial cancer, as hypermethylation patterns have been
observed in endometrial hyperplasias [47, 103]. MSI-high is more common among
endometrioid carcinomas compared to non-endometrioid tumors, including serous
and clear cell carcinomas [27, 50, 101, 104, 105]. The relationship between tumor
grade and MSI status is somewhat unclear, as some studies show an association
with increasing grade in MSI-high tumors, while others show no association [104,
106–108]. Similarly, evaluating the relationship between MSI status and clinical
stage has led to conflicting results, with several studies showing an association of
MSI-high tumors with more advanced stage disease, others showing an association
with earlier stages, and some studies showing no association with stage [101, 104,
106, 107, 109]. MSI-high tumors have been reported to have an increased risk of
lymphatic–vascular space invasion [102, 104], but their relationship with depth of
myometrial invasion is not clear [101, 104, 106]. MMR deficiency, particularly
MLH1 protein loss and MLH1 methylation, has been associated with a subset of
undifferentiated endometrial carcinoma [110–113]. It is uncertain whether undif-
ferentiated endometrial carcinoma should be considered a subtype of grade 3
endometrioid adenocarcinoma or a non-endometrioid carcinoma. Compared to
grade 3 endometrioid adenocarcinoma, undifferentiated carcinomas typically have
lower hormone receptor and cytokeratin expression [110] and may have a more
aggressive disease course [111, 114, 115].

JFig. 4.3 MLH1 methylation associated with MLH1 protein loss by immunohistochemistry.
a Endometrial carcinoma with retained nuclear expression of MLH1 protein. b Endometrial
carcinoma with loss of MLH1 protein. Note retained positive expression of MLH1 in adjacent
stromal cells. c PCR-based MLH1 promoter methylation analysis. Tumor DNA is analyzed
concurrently with DNA from normal tissue control from the same patient. Top tracing, normal
tissue with no MLH1 methylation; bottom tracing, tumor with presence of MLH1 methylation
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The impact of MSI-high on survival outcomes in endometrial cancer is similarly
unclear, despite a number of different publications examining this issue. Details of
several of the larger studies evaluating MMR status and survival outcomes are
summarized in Table 4.1. Some authors have identified improved outcomes in
MSI-high tumors [97, 98, 101, 102], others found worse outcomes [116, 117], and
some have found no association [100, 105, 106, 118]. One large study by
Zighelboim et al. analyzed 446 prospectively collected endometrioid endometrial
carcinomas [100]. MSI status was determined by PCR, as was MLH1 methylation
status. No differences in overall survival or disease-free survival were observed
between MSI-high and microsatellite-stable groups. Similarly, MLH1 methylation
status had no impact on overall or progression-free survival. One of the more recent
larger analyses was performed by Ruiz and colleagues, who evaluated 212
endometrioid endometrial tumors. MSI status was evaluated by IHC. They evalu-
ated OS and PFS both within early stage (I and II) and advanced stage (III and IV)
and found no differences in survival measures within either subgroup [106]. The
reasons for conflicting results between these various publications are unclear. As
noted in Table 4.1, MMR deficiency has been measured in a variety of different
ways in these studies, which could impact results. Endometrioid and
non-endometrioid carcinomas have very different clinical courses and survival
outcomes; an impact of MMR on survival may be missed in studies that include
both these histologies. Lower grade, early-stage endometrioid carcinomas can recur
five or more years following hysterectomy, so studies with shorter follow-up
intervals may miss an association with MSI-high. It is also possible that these
differences may be due at least in part to underlying differences in other concurrent
gene mutations not fully evaluated in these studies.

POLE

As discussed previously, based on the molecular analysis of 373 endometrial car-
cinomas, TCGA [44] proposed a genomic categorization of endometrial cancer into
four groups. “Ultramutated tumors” represent the first category in this classification
and consist of tumors with very high mutations rates. All of these tumors harbor
mutations in the POLE gene, which encodes the catalytic subunit of the DNA
polymerase epsilon, which synthesizes the leading strand during DNA replication
and also plays a role in the recognition and removal of mispaired nucleotides [119,
120]. Tumors with POLE mutations may have as many as a million base substi-
tutions per tumor, particularly of the G:C>T:A form [121]. It has recently been
shown that germline exonuclease domain mutations of POLE and POLD1 genes
confer a high risk of multiple colorectal adenomas and carcinomas [122]. In
addition to endometrial and colorectal cancer, POLE mutations have also been
reported in lung cancer and melanoma [123, 124]. Their inheritance is dominant,
and they have a high penetrance with a variable phenotype.
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The majority of POLE mutations in endometrial cancer are sporadic and have
been reported to represent 5–7% [44, 121, 125] of endometrial cancers. In
endometrial carcinoma, most POLE mutations tend to cluster in two hot spots, in
exons 9 and 13 [126, 127]. Paradoxically, despite being “ultramutated,” these
tumors have been associated with a favorable prognosis [44, 126, 128]. This
observation has recently been corroborated by a large study, which reported the
POLE mutant tumors as having approximately one-third the risk of recurrence as
that of POLE wild-type (predominantly endometrioid in this study) endometrial
cancers, and an even lower risk of death [125]. It has been hypothesized that
improved prognostic outcome in patients with these tumors may be attributable to
the fact that the marked number of base substitutions leads to too many gene
alterations, which hinder tumor cell growth and survival.

Endometrial POLE mutant tumors have characterized by pure endometrioid
histology, mixed histology with endometrioid components, or ambiguous histology
[121, 126, 128]. Several studies also reported small numbers of serous endometrial
carcinoma with POLE mutations, but it is not certain whether the cases underwent a
centralized review [121, 129–131]. The majority of endometrioid tumors are of
high cytological grade; as many as 84% have been described to have tumor infil-
trating lymphocytes [128].

Similar to POLE wild-type endometrioid tumors, POLE mutants frequently carry
PTEN (94%), PIK3CA (71%), and ARID1A (76%) mutations; however, unlike most
POLE wild-type tumors, the majority of POLE mutants are microsatellite stable
(65–100%) [44, 121, 126, 128]. It has been suggested that in cases where
microsatellite instability and POLE mutations coexist, the latter is likely a sec-
ondary event [132]. Furthermore, while all eight TCGA POLE mutant cases were
found to have mutations in at least one mismatch repair gene, only two of these
cases were microsatellite instability high, suggesting that some of the mutations are
“functionally suboptimal” with respect to their classical mismatch repair gene
mutant counterparts [44, 126, 133].

Approximately one-third (35%) of POLE mutant endometrial tumors also have
TP53 mutations [121, 126, 128]. Given the good prognostic outcome of the POLE
mutant group, the clinical significance of these TP53 mutations is likely different
than that of the TP53 mutations in serous carcinoma/copy number high (as per
TCGA classification) tumors. The presence of TP53 mutation in some POLE
mutants with histological features other than those of clear-cut endometrioid ade-
nocarcinoma is important to note, as the use of p53 immunohistochemistry may
lead to misclassification of these tumors as serous carcinomas.

POLE mutations may be a useful biomarker in order to spare patients with
high-grade endometrioid tumors from aggressive post-adjuvant treatments, as the
tumors appear to have an indolent course. Currently, the only way to detect POLE
mutations is by sequencing the POLE gene. Therefore, development of surrogate
markers to enable their detection would be very important.
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The Cancer Genome Atlas

The Cancer Genome Atlas (TCGA) is a National Cancer Institute-funded effort to
comprehensively classify, at a genomic level, various types of cancer. Genomic
characterization included next-generation sequencing of the whole exome, methy-
lation profiles, miRNA profiling, gene expression analysis, and reverse phase
protein lysate array. These data are publicly available for individual investigator
analysis.

Endometrial cancer, both serous carcinoma and endometrioid carcinoma, has
been characterized by TCGA [44]. These data reaffirmed high rates of PI3K/AKT
pathway mutations within the endometrioid subtype and showed significant rates of
CTNNB1, KRAS, and POLE mutation as well. Additionally, TCGA described a
subset of endometrioid tumors which molecularly appeared to be more similar to
type 2 tumors, and the authors therefore postulated that treatment approaches
mirroring those used in uterine serous carcinomas may be beneficial in this group.

Re-analysis of the endometrioid group only (271 patients) revealed extraordinary
heterogeneity in these tumors [73]. Four transcriptome clusters of endometrioid
endometrial carcinoma were identified, as highlighted in Fig. 4.4. Clusters 1 and 2
each consisted mainly of patients with early-stage and grade 1 or 2 tumors. Clusters
3 and 4 primarily comprised patients with grade 3 tumors presenting with stage III
or IV disease at the time of hysterectomy. At the transcriptome level, Cluster 1 is
the “classic” endometrial cancer, with high expression of ESR1 and PGR (genes
encoding estrogen receptor and progesterone receptor). Remarkably, Cluster 2,
which had a similar patient profile as Cluster 1, had significantly lower expression

Fig. 4.4 Summary of The Cancer Genome Atlas (TCGA) analysis of 271 endometrioid-type
endometrial carcinomas. Transcriptome Clusters 1 and 2 are primarily composed of patients with
low-grade, early-stage disease, while Clusters 3 and 4 are dominated by patients with grade 3
endometrioid tumors, stages III or IV at the time of diagnosis. Clusters 3 and 4 also had
significantly more mutations than tumors in Clusters 1 and 2
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of these hormone receptors but higher expression of WNT5A and WNT5B, genes
activated by WNT/b-catenin signaling. Cluster 2 patients were also significantly
younger and more obese than patients in the other clusters, including Cluster 1.
Unexpectedly, Cluster 2 patients had significantly worse survival than those in
Cluster 1. Clusters 3 and 4 displayed similar transcriptome heterogeneity, with
Cluster 3 characterized by higher expression of genes associated with cell cycle
progression, such as FOXM1, CCNB1, and CDC20. This cluster had the worst
survival of the 4 clusters. Cluster 4 had higher expression of genes associated with
activation of the immune response, such as STAT1, LCK, GIMAP5, and GIMAP7.
Although Cluster 4 was mainly composed of patients with high-grade, late-stage
disease, these patients had better overall survival than the patients in Cluster 2.
Cluster 3 patients had the worst overall survival.

The four clusters also had distinctive mutation spectra. PTEN and PIK3CA
mutations were common in all four clusters. KRAS mutations were common in
Clusters 1, 3, and 4, but infrequent in Cluster 2. CTNNB1 mutations were most
common in Cluster 2. Clusters 3 and 4 had the majority of the TP53 mutations.
Clusters 3 and 4 had the highest mutations per megabase, significantly higher than
the mutational load in Clusters 1 and 2.

The TCGA data highlight the genetic and clinical diversity of the endometrioid
histotype. These data also help to refute “dogma” that is commonly taught
regarding endometrioid-type endometrial cancer. For example, conventional wis-
dom holds that young, obese women with endometrial cancer have good prognosis
disease that is hormone driven. While certainly their prognosis is better than that for
patients diagnosed with endometrial serous carcinoma, the TCGA data highlight
above that a substantial subset of patients actually has endometrial cancers driven
not by hormones but rather by activation of the WNT/b-catenin signaling pathway.
Similarly, the higher grade and advanced stage endometrioid cancers are also
heterogeneous. The subset of grade 3 endometrioid tumors with a more
“immune-driven” genotype has better outcomes. The challenge to young investi-
gators caring for endometrial cancer patients will be to productively incorporate this
substantial TCGA data into rational clinical trials and, ultimately, into routine
clinical practice.
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Chapter 5
The Molecular Pathology of Serous
Endometrial Cancer

Mary Ellen Urick, Meghan L. Rudd and Daphne W. Bell

Introduction

Serous endometrial cancers (SECs) represent 2–10% of all endometrial tumors and
are the most common of the so-called type II or non-endometrioid ECs [1–7]. They
are poorly differentiated tumors with a high propensity to metastasize [8, 9]. Despite
comprising only a small faction of all EC diagnoses, SECs are responsible for a
large proportion (up to 39%) of EC-related deaths [4, 7]. Accordingly, when
compared to women with non-serous ECs, women with SECs exhibit significantly
lower survival rates, even when corrected for stage, and an increased frequency of
tumor recurrence [4, 5, 10]. Relapse in SEC patients typically occurs within two
years of surgery, and relapse rates as high as 50–80.5% have been reported [5, 6,
11–13]. SECs are often found as an admixture with other histological subtypes,
such as endometrioid adenocarcinoma and clear cell adenocarcinoma, and can also
be a component of some uterine carcinosarcomas [9, 11, 14–18]. Improved survival
is not observed in patients with mixed ECs containing a SEC component [1, 17].

Although there are a limited number of known risk factors for SEC, one
well-documented risk factor is increasing age; SEC typically occurs in older,
postmenopausal women with mean ages at diagnosis ranging from 53 to 75 years
[1, 4, 9, 11, 14, 15, 19–24]. Tamoxifen treatment is also a risk factor for the
subsequent development of SEC [24]. In this regard, the increased risk of SEC
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noted among BRCA1 mutation carriers by some [25, 26] has been largely attributed
to prior tamoxifen treatment rather than germline genetic predisposition to SEC
[27]. A prior history of pelvic radiation may represent another risk factor for SEC
[1, 28–32]. Finally, although type II ECs have traditionally been thought of as
estrogen-independent tumors, a recent large meta-analysis of epidemiological data
suggests that increased body mass index, which may increase levels of unopposed
estrogen, may cause an increased risk for developing type II ECs [33, 34].

At the molecular level, SECs have a distinct constellation of genomic aberrations
as compared with most endometrioid ECs (reviewed in [35]). Recent advances in
DNA sequencing, or so-called next-generation sequencing technologies, have shed
new insights into the molecular pathogenesis of human cancers, including SECs.
Herein, we review the most prominent features of the genomic landscape of SECs
(Table 5.1), with an emphasis on somatically mutated driver genes and, where
appropriate, we discuss how these features might be leveraged in the clinical setting
(Fig. 5.1; Tables 5.2 and 5.3).

Introduction to the Molecular Pathology of SEC

The first genetic alterations observed in SECs were p53/TP53 aberrations [36–41].
Diligent clinicopathological studies, combined with molecular analyses of TP53,
have led to the development of a step-wise model of tumor evolution for SEC. In
this model, cells with the so-called p53 signature evolve to endometrial glandular
dysplasia (EmGD), followed by endometrial intraepithelial carcinoma (EIC), and
ultimately SEC [17, 39, 40, 42–46].

Since the initial discovery of TP53 mutations and p53 positivity in SEC, efforts
to uncover additional genomic alterations that contribute to the disease have been
the focus of a number of studies (reviewed in [35]). Rapid advancements in the
understanding of the genomic landscape of SECs and new insights into their
molecular pathology came with innovations in DNA sequencing technology [47–
50]. Within the past three years, next-generation sequencing of 107 SEC tumor and
15 cell line exomes across multiple studies has systematically mapped SEC
mutational landscapes, validating previous findings that had implicated TP53 and
phosphatidylinositol 3-kinase (PI3K) pathway aberrations in SECs [39, 40, 46, 51–
53], and extending upon this knowledge by assembling a comprehensive catalogue
of somatically mutated genes present in *22,000 protein encoding genes [47–50].
The subsequent application of statistical methods to determine whether genes are
mutated at significantly higher rates than the background mutation rate has nomi-
nated a subset of mutated genes as putative novel pathogenic “driver” genes for
SEC [47–50]. In addition to mutations, genome-wide copy number aberrations,
RNA expression, and DNA methylation have also been systematically analyzed in
some studies [47, 48, 50], including the integrated genomic analysis of serous and
endometrioid ECs by The Cancer Genome Atlas (TCGA)[47].
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Table 5.1 Significant molecular aberrations identified in serous and serous-like ECs by whole
exome sequencing studies [47–50]

Gene Aberration Aberration frequency in
serous n = 42 and serous-like
tumors n = 60 in TCGA
dataset [47] (aberrant/total)

Aberration
frequency in
serous samples
(aberrant/total)

Reference(s)

Mutations
TP53 Mutation 88% (37/42)

92% (55/60)
100% (12/12) [213]

93% (25/27) [38]

90% (19/21) [56]

82% (62/76) [48]

71% (37/52) [49]

68% (25/37) [214]

60% (31/52) [50]

50% (2/4) [81]

20% (1/5) [215]

PIK3CA Mutation 45% (19/42)
47% (28/60)

56% (5/9) [216]

50% (2/4) [81]

40% (2/5) [215]

31% (16/52) [49]

27% (10/37) [214]

24% (18/76) [48]

23% (12/52) [50]

22% (10/46) [217]

20% (3/15) [218]

15% (5/34) [54]

8% (1/12) [213]

FBXW7 Mutation 33% (14/42)
22% (13/60)

29% (15/52) [49]

20% (15/76) [48]

17% (9/52) [50]

8% (1/12) [213]

PPP2R1A Mutation 26% (11/42)
22% (13/60)

43% (16/37) [214]

41% (20/49) [219]

32% (8/25) [220]

25% (13/52) [49]

18% (14/76) [48]

17% (4/23) [221]

17% (2/12) [213]

15% (8/52) [50]

CHD4 Mutation 17% (7/42)
13% (13/60)

19% (10/52) [50]

17% (9/52) [49]

10% (1/10)a [48]
(continued)
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Table 5.1 (continued)

Gene Aberration Aberration frequency in
serous n = 42 and serous-like
tumors n = 60 in TCGA
dataset [47] (aberrant/total)

Aberration
frequency in
serous samples
(aberrant/total)

Reference(s)

CSMD3 Mutation 12% (5/42)
10% (6/60)

8% (1/12)a [49]

SPOP Mutation 7% (3/42)
5% (3/60)

10% (1/10)a [48]

8% (4/52) [49]

4% (2/52) [50]

PIK3R1 Mutation 2% (1/42)
13% (8/60)

13% (2/15) [218]

8% (4/46) [52]

TAF1 Mutation 5% (2/42)
5% (3/60)

13% (7/52) [50]

PTEN Mutation 2% (1/42)
10% (6/60)

13% (6/46) [51]

11% (1/9) [216]

6% (3/52) [50]

3% (1/37) [214]

Copy number alterations
PIK3CA Amplification 29% (12/42)

28% (17/60)
67% (4/6) [222]

52% (13/25) [50]

26% (6/23) [48]

ERBB2 Amplification 29% (12/42)
25% (15/60)

57% (13/23) [223]

44% (11/25) [50]

29% (17/58) [101]

28% (7/25) [114]

21% (6/28) [97]

17% (2/12) [105]

17% (2/12) [102]

17% (18/105) [224]

CNV loss NA 20% (5/25) [50]

CCNE1 Amplification 31% (13/42)
23% (14/60)

48% (12/25) [50]

45% (20/44) [133]

26% (6/23) [48]

CNV loss NA 8% (2/25) [50]

MYC Amplification 21% (9/42)
23% (14/60)

40% (10/25) [50]

SOX17 Amplification 20% (12/60) NA NA

FGFR3 Amplification 8% (5/60) NA NA

Loss 2% (1/60) NA NA

Aberrant genes are ranked by frequency among SECs in TCGA dataset.a indicates that the
frequency represents data that did not reach significance in an individual study
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The simultaneous assessment of serous, endometrioid, and mixed histology
tumors by TCGA has permitted a direct comparison of the genomic landscapes of
these traditional histological subtypes. This analysis revealed that a subset of
high-grade endometrioid ECs and a subset of mixed histology ECs molecularly
resemble SECs; these tumors, together with SECs, are thus referred to as the
“serous-like” EC subgroup, which represents one of the four molecular subgroups
defined by TCGA. The three remaining molecular subgroups are predominated by
endometrioid ECs and are referred to as ultramutated/POLE-mutated,
hypermutated/microsatellite instability positive (MSI+), and copy number
low/microsatellite stable (MSS) [47]. Serous and serous-like ECs in TCGA’s study
are characterized by widespread copy number alterations and are thus referred to as
copy number high, whereas endometrioid tumors tend to be copy number quiet
(low). Additionally, serous and serous-like ECs have a relatively low mutational
load in comparison with endometrioid ECs. The relatively low mutational load of
serous and serous-like ECs may explain why fewer pathogenic driver genes have
been nominated within these tumors than within endometrioid ECs.

Whole exome studies conducted to date have implicated TP53, PIK3CA,
FBXW7, PPP2R1A, CHD4, SPOP, and TAF1 as major driver genes for serous and
serous-like ECs [47–50]. Additional genes that were not designated as statistically
significantly mutated genes in whole exome studies can nonetheless be considered

PI3K 
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PP2A TP53

PTEN

RAS 

RAF 
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Fig. 5.1 Schematic representation of pathways affected by targeted therapies currently in clinical
trials specifically recruiting EC patients (Table 5.2) and targeted therapies that have noted clinical
responses in SEC patients in phase II trials (Table 5.3). Note that this figure is not intended to be a
comprehensive representation of all molecular pathways relevant to SEC
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Table 5.3 Results of phase II clinical trial of targeted therapies for the treatment of SEC

Targeted
therapy

SEC
patients
(total
patients)

Outcomes
reported for SEC
patients

Did patients
receive prior
chemotherapy?

Did the trial meet
overall efficacy and
safety criteria?

Phosphatidylinositol 3-kinase (PI3K)/AKT/mTOR Pathway Inhibitors
PI3K or dual PI3K/mTOR inhibitors
Pilaralisib 24 (67) 1 PFS > 6, 1 CR

&
PFS > 6 months

Yes No

mTOR inhibitors
Torisel®

(temsirolimus)
15 (54) chemo naïve: 2

PR, 3 SD
prior chemo: 5
SD

6 chemo naïve
9 treated

Yes—chemo naïve
No—chemo treated

Torisel®

(temsirolimus)
12 (50) 2 responses (PR

or CR unknown)
Unknown No

Afinitor®

(everolimus)
11 (44) 1 PR 6 months, 2

SD 6 months
Yes Yes

Ridaforolimus 10 (45) 1 PR, 1 SD Yes Yes

Ridaforolimus 5 (31) 4 SD Unknown No

AKT inhibitors
MK-2206 14 (14) 2

PFS > 6 months,
2 still on
treatment

Unknown Ongoing

MEK inhibitors
Selumetinib
(AZD6244)

9 (52) Not specified Yes No

Inhibitors Targeting HER2, HER3, or EGFR
Iressa®

(gefitinib)
6 (26) 1 CR Yes No

Multikinase/angiogenesis inhibitors
Avastin®

(bevacizumab)
14 (52) 1 CR, 3 PR, 36%

PFS 6 months
Yes Yes

Eylea®

(VEGF Trap)
11 (44) 0 responders Yes No

Sutent®

(sunitinib)
6 (33) 2 PFS � 1 year Yes Yes

Dovitinib
(TKI258)

7 (53) Not specified Yes No

Brivanib
(BMS-582664)

10 (43) 1
PFS > 6 months,
1 CR, 3 PR

Yes Yes

Nexavar®

(sorafenib)
3 (56) 1 PR Unknown Yes

(continued)
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contributing factors in SEC tumorigenesis based on prior knowledge of both their
mutation spectrum in SEC and their biological function. For example, deleterious
mutations in several known cancer genes are present in SEC exomes, including
mutations in PIK3R1 and PTEN, which are key players in the PI3K pathway
[51, 52, 54]. Moreover, the frequent occurrence of copy number alterations in SECs
and serous-like ECs highlights a number of additional driver genes including
amplification of the HER2/ERBB2, MYC, and CCNE1 oncogenes (Table 5.1). In
the following subsections, we highlight the current state of knowledge of the
proposed driver aberrations of SEC as well as the potential clinical relevance of
these alterations.

TP53 Aberrations in SEC

Somatic TP53 mutations are the most frequent molecular abnormalities observed in
SECs, occurring in 20–100% of cases (Table 5.1). TP53/p53 aberrations are early
events in SEC tumorigenesis as evidenced by their presence in benign-appearing
glands adjacent to SEC (the so-called p53 signature), in EmGD and in EIC. The
differential frequencies of TP53 mutations observed among these lesions, as well as
the presence of identical mutations in concurrent lesions, have contributed to the
development of a model of tumor progression for SEC [40, 46, 55, 56].

The consequences of TP53 mutations in human cancer are variable, and can be
differentially classified as loss-of-function, dominant-negative, or gain-of-function
[57–61]. In TCGA’s analysis of EC in which mutations in TP53 were predomi-
nantly found in serous and serous-like tumors, an in silico evaluation using the
PARADIGM-SHIFT algorithm [62] predicted that missense mutations in TP53
have distinct functional effects to insertions/deletions and splice site mutations [47].
Indeed, close to one-third of TP53 mutations in the TCGA EC dataset were reported
to be gain-of-function mutants [63], at least in certain cellular contexts. As noted

Table 5.3 (continued)

Targeted
therapy

SEC
patients
(total
patients)

Outcomes
reported for SEC
patients

Did patients
receive prior
chemotherapy?

Did the trial meet
overall efficacy and
safety criteria?

Ofev®

(nintedanib)
13 (32) median PFS

3.15 months
Yes No

Cediranib
(AZD2171)

11 (48) 1 PR Unknown Yes

ALK inhibitors
Dalantercept 15 (28) 3

PFS > 6 months
Yes No

Abbreviations: CR complete response, PR partial response, SD stable disease, PFS
progression-free survival
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elsewhere [61], understanding the functional effects of individual TP53 mutations is
important when designing strategies to leverage such mutations as actionable tar-
gets for cancer therapy, which includes the development of strategies to restore
wild-type p53 function, degrade mutant p53, target downstream effectors of mutant
p53, and develop synthetic lethal approaches [61, 64]. Notably, preclinical studies
in small numbers of p53-mutant EC cell lines have indicated that REGgamma may
be a potential therapeutic target for p53-mutated (R248Q) ECs [65]. Moreover, the
sensitivity of TP53-deficient EC cells to paclitaxel is increased by exposure to the
multityrosine kinase inhibitor and angiogenesis inhibitor BIBF1120 or amifostine
[66, 67].

Murine models of EC corroborate the importance of TP53/p53 abnormalities in
the pathogenesis of human SEC. Conditional deletion of Trp53 in the murine
genitourinary tract leads to the development of endometrial tumors including SEC,
clear cell carcinoma, and carcinosarcoma in older animals (65–79 weeks) [68].
Consistent with the model of tumor progression proposed for human SEC, EmGD
and EIC are not only observed adjacent to some papillary adenocarcinomas in
tumor-bearing mice with conditional deletion of Trp53, but are also observed in
younger, tumor-free, mice [68]. Interestingly, serous and clear cell tumors that arise
within this murine model frequently exhibit upregulation of the AKT-mTOR signal
transduction pathway, which occurs at the EIC to carcinoma transition [68].
Another murine model for the development of non-endometrioid ECs is provided
by the conditional deletion of Cdh1 and Trp53 in the uterus [69], which suggests
functional cooperation between Cdh1 and Trp53 in the development of type II EC.
Of note, the combined ablation of Cdh1 and Trp53 results in the upregulation of
genes associated with inflammation, suggesting a tumor microenvironment asso-
ciated with chronic inflammation. Finally, the conditional deletion of Trp53 and
Pot1A, which regulates telomere length, provides a model for type II endometrial
tumor progression, since animals develop in situ lesions akin to EIC, poorly dif-
ferentiated ECs with nuclear atypia some of which exhibited focal regions of
papillary differentiation, and metastatic disease [70]. Taken together, studies of
human endometrial tumors and mouse models of EC solidify the importance of p53
dysregulation as an early event in SEC.

PI3K Pathway Aberrations in SEC

The PI3K signal transduction pathway is activated in response to the stimulation of
growth factor receptors (including those encoded by ERBB2/HER2) and regulates a
variety of cellular processes including cell survival, proliferation, growth, migra-
tion, and metabolism (reviewed in [71]). PI3K is a heterodimeric protein that
consists of a catalytic subunit and a regulatory subunit, each of which has multiple
isoforms (reviewed in [72]). PIK3CA and PIK3R1, which encode the p110a cat-
alytic subunit and the p85a regulatory subunit, respectively, often acquire patho-
genic somatic mutations in human cancers (reviewed in [73]). Likewise, the PTEN
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tumor suppressor gene, which negatively regulates PI3K signaling, is also highly
mutated in human cancer (reviewed in [73]). We and others have uncovered fre-
quent somatic mutations in the PIK3CA-PIK3R1-PTEN axis; incidences of somatic
mutations in SEC range from 8–56% for PIK3CA, 8–13% for PIK3R1, and 2–13%
for PTEN (Table 5.1).

Early work from our own laboratory showed that ECs, including SECs, have a
unique pattern of PIK3CA mutations compared with other tumor types, which has
implications for the design of mutation panels intended for clinical use in cancer
patient stratification for targeted therapies. Approximately half of all PIK3CA
mutations in EC occur in the adaptor-binding domain (ABD) and protein kinase-C
homology 2 (C2) domain (exons 1–7) of p110a (Fig. 5.2), whereas these domains
are infrequently mutated in other cancers [74]. Interestingly, biochemical studies of
a subset of cancer-associated mutations in p110a have shown that not all mutations
are functionally equivalent [75–77]. Likewise, not all mutations in PIK3CA may be
equal in predicting clinical response to targeted therapies directed against the PI3K
pathway. In this regard, one study that prospectively treated cancer patients (in-
cluding nine EC patients) with PIK3CA-mutated tumors with PI3K/AKT/mTOR
inhibitors found that the PIK3CA H1047R mutation was associated with signifi-
cantly (p = 0.018) higher response rates to treatments with PI3K pathway inhibitors
compared to other PIK3CA mutations [78]. It will be critical in future clinical trials
of EC patients to determine which PIK3CA aberrations, if any, correlate with
response to targeted therapies.

PIK3R1 encodes the p85a regulatory subunit of PI3K, which functions to sta-
bilize and inhibit the p110a catalytic subunit encoded by PIK3CA [79]. Somatic
mutations in PIK3R1 have been reported in 8–13% of SECs (Table 5.1), and the
majority of mutations in SEC occur in the inter-Src homology 2 (iSH2) domain
(Fig. 5.2), which mediates binding to p110a [47, 52]. At the biochemical level,
PIK3R1 mutations within the iSH2 domain disrupt inhibition of p110a to allow
downstream activation of the PI3K [52] and MAPK pathways [80]. In contrast,
truncation mutations in the RhoGAP domain of p85a result in PTEN dysregulation
via proteasome degradation [81]. Apart from comprehensive whole exome
sequencing studies, the gene encoding a second isoform of the PI3K regulatory
subunit, PIK3R2, has only been sequenced in four SECs and a mutation was found
in one (25%) [81]. PIK3R2 mutations were not identified by TCGA, but the gene
was reportedly amplified in 20% of serous-like cases [47].

In studies that have simultaneously sequenced all three genes, somatic mutations
in the PIK3CA-PIK3R1-PTEN axis have been found in 40% (17/46) of SECs and
in 58% (35/60) of TCGA’s serous-like subgroup [47, 51, 52]. Amplification of
PIK3CA has also been reported in 26–67% of SECs and serous-like tumors
(Table 5.1). Collectively, these genomic observations emphasize the importance of
PI3K pathway dysregulation in the molecular pathology of SEC and implicate the
PI3K pathway as a potential therapeutic target for SEC.
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PI3K Pathway Aberrations as Therapeutic Targets in SEC

Clinical trials evaluating the safety and efficacy of PI3K inhibitors, mTOR inhi-
bitors, dual PI3K/mTOR inhibitors, and AKT inhibitors in EC are underway
(Table 5.2). Combined, these agents have produced 38.8% (7/18) of the responses
observed in SEC patients in phase II clinical trials of targeted therapies (Table 5.3).
Here, we describe phase II clinical trial results to date for PI3K pathway inhibitors
in SEC patients.

The pan-PI3K inhibitor pilaralisib (SAR245408, XL147; Sanofi) has been
evaluated in a phase II trial in patients (n = 67) with advanced or recurrent EC
(NCT01013324) [82]. Although efficacy criteria were not met for the overall study,
a favorable safety profile was reported [82]. Among 24 SEC patients included in
this trial, all of whom had received at least one prior chemotherapy-based regimen,
one patient had a complete response (objective response rate determined by
RECIST 1.1) with progression-free survival >6 months, another exhibited a partial
response with progression-free survival at >6 months, one exhibited stable disease
with progression-free survival >6 months, and three patients exhibited progressive
disease. Although the trial included an extensive assessment of molecular aberra-
tions in PTEN, PIK3CA, PIK3R1/2, AKT1/2, NRAS, KRAS, TP53, ARID1A,
CTNNB1, ERBB2, and CCNE1, and genetic aberrations of one or more markers
were observed in responsive patients, there was no statistically significant corre-
lation between the molecular status of markers and clinical outcome as a whole.

A phase II trial (NCT01307631) of MK-2206 (Merck & Co., Inc.), an allosteric
inhibitor of AKT [83], in which patients with recurrent or advanced EC were
stratified by PIK3CA mutation status, found that all patients with six-month
progression-free survival harbored SEC [84]. These observations resulted in a phase
II cohort expansion study of MK-2206 for patients with recurrent SEC, with up to
two lines of prior chemotherapy, which is currently active (NCT01312753). Interim
results of the expansion study noted that of 14 patients accrued, two patients met the
six-month progression-free survival endpoint, two patients were still receiving
treatment, and the remaining 10 patients did not meet efficacy endpoints [84].
A companion molecular analysis was planned but has not yet been reported.

AKT inhibitors are also being tested in combination with MEK inhibitors
in patients with EC (Table 5.2); there is known cross talk and compensatory roles

JFig. 5.2 Schematic representation of known functional domains of a subset of genes frequently
mutated in SECs. Dark shading denotes domains that exhibit clustering of somatic mutations in
SECs. Abbreviations: ABD adaptor-binding domain, RBD Ras-binding domain, C2 protein
kinase-C homology 2, SH Src Homology, RhoGAP Rho GTPase-activating proteins, WD repeat
tryptophan–aspartic acid repeat, HEAT repeats Huntington-Elongation-A subunit-TOR repeats,
NLS Nuclear localization signal, PHD Plant homeodomain-type zinc finger, DUF Domain of
unknown function, MATH domain Meprin And TRAF Homology domain, BTB domain Broad
complex, Tramtrack and Bric-a-brac domain, TBBD TATA-box-binding protein-binding domain,
HAT Histone Acetyltransferase, RAP74 RNA Polymerase II Associated protein, 74 kDa, HMG
High-mobility group
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of the RAS/RAF/MEK/ERK pathways and the PI3K pathway [85]. The
small-molecule MEK1/2 inhibitor, selumetinib (AZD6244; AstraZeneca), has been
tested as a single agent in a phase II trial of patients with recurrent or persistent EC
that included an exploratory objective of determining associations between
biomarkers (mutation, immunohistochemical expression) and response
(NCT01011933). Although selumetinib was reportedly well tolerated and 12% of
patients experienced six-month event-free survival, this fell short of meeting pre-
defined efficacy criteria of 15% six-month event-free survival. All patients received
at least one prior chemotherapy regimen. Nine patients enrolled and treated had
SEC (17.3% of 52 total), but study results were not reported by histology so it is
unclear whether any SEC patients responded [86].

Three different mTOR inhibitors have been tested in phase II clinical trials for
women with EC: Afinitor® (everolimus; Novartis), ridaforolimus (AP23573,
MK-8669, deforolimus; Ariad Pharmaceutical), and Torisel® (temsirolimus; Pfizer)
(Table 5.3). Biomarkers studied within these trials include PTEN expression
(NCT00072176, NCT00770185), expression of hormone receptors as well as
mTOR pathway members (NCT00729586), mutations in PTEN, PIK3CA, KRAS,
CTNNB1, and microsatellite instability status (NCT02093598). To date, none of
these biomarkers have been shown to be effective in predicting response to mTOR
inhibition.

In an attempt to aggregate sufficient numbers of patients to identify biomarkers
of mTOR inhibitor sensitivity, the results from three separate clinical trials that
evaluated mTOR inhibitors in a total of 94 women with EC were combined [87].
Two of the trials tested intravenous temsirolimus (one included chemotherapy naïve
patients and the other included patients who had received one prior chemotherapy),
and the third trial tested ridaforolimus in patients who could have received prior
adjuvant chemotherapy. Two of twelve treated patients with SEC in the three trials
combined achieved a response [87]. No significant association was found between
PTEN loss [measured by immunohistochemistry (IHC)], stathmin expression
(measured by IHC), mutations in PIK3CA, KRAS, MET, NRAS, AKT1, or EGFR,
and response or progression. A separate analysis of results from the temsirolimus
trials described in the analysis above also failed to find a molecular biomarker of
response, but found that prior chemotherapy was a significant predictor of pro-
gression; a greater frequency of increased tumor growth was observed in women
treated with chemotherapy prior to temsirolimus as compared to the chemotherapy
naïve population [88].

In the phase II ENDORAD trial of everolimus as second- or third-line treatment
of advanced EC, 11 patients with chemotherapy refractory SEC (out of a total of 44
patients) were enrolled and treated with single-agent everolimus. One patient with
SEC exhibited partial response (non-progressive disease rate) at 3 and 6 months,
while two others had stable disease at 3 and 6 months. In addition to these
promising results in SEC patients, the trial as a whole met efficacy and safety target
criteria and therefore supported further development of this type of targeted therapy
[89]. As of June 2015, everolimus was also being tested in a phase II trial in
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combination with the aromatase inhibitor letrozole in women with recurrent or
persistent EC (NCT02188550). No biomarkers were specified for this trial.

Phase II trials of ridaforolimus in EC have also been promising. One 59-year-old
woman with papillary SEC was highlighted in results from a phase II trial of
ridaforolimus for remarkably decreased lung metastasis size [90]. Overall, this
study successfully recruited and treated 10 patients with SEC; one patient achieved
partial response (described previously with decreased lung metastasis size) and one
achieved stable disease. However, no biomarkers were specified or reported in this
study [90]. A separate phase II trial of oral ridaforolimus in women with recurrent
or metastatic EC recruited five women with SEC; four responded with stable dis-
ease and one exhibited progressive disease [91]. No correlation between PTEN loss
(measured by IHC), PIK3CA mutation, or AKT mutation with partial response or
disease stabilization was found [91]. This study reported prolonged stabilization of
disease and supported additional studies that combine ridaforolimus with hormone
therapies and chemotherapies [91].

A phase II trial of single-agent temsirolimus therapy for patients with recurrent
or metastatic EC successfully enrolled and treated six patients with chemotherapy
naïve and nine patients with chemotherapy treated SEC [92] and resulted in
encouraging responses. Partial response was observed in 33.3% (2/6) and stable
disease was observed in 50% (3/6) of chemotherapy naïve patients. In patients
previously treated with chemotherapy, stable disease was observed in 55.5% (5/9);
no partial responses were reported in this group. This trial found that PTEN
mutation, phosphorylated AKT, MTOR, and S6 were not biomarkers for tem-
sirolimus response [92]. Another phase II trial of temsirolimus in women with stage
II or IV disease or persistent or recurrent disease after treatment for earlier stage
disease successfully enrolled 12 patients with SEC and treated them with
single-agent temsirolimus. Two of these patients responded, although it was unclear
whether they achieved partial or complete responses and whether or not they
received prior chemotherapy [93].

Combination therapies with temsirolimus are also being tested in phase II
clinical trials recruiting SEC patients. These are testing temsirolimus in combina-
tion with hormonal therapy (NCT00729586), with the VEGF inhibitor Avastin®

(bevacizumab; Genentech) (NCT01010126), or with temsirolimus [94].

HER2 (ERBB2) Aberrations in SEC

The epidermal growth factor receptor (EGFR) family consists of EGFR (HER1,
ERBB1), HER2 (NEU, ERBB2), HER3 (ERBB3), and HER4 transmembrane
receptors. This family of receptors lies upstream of signaling pathways including
the PI3K and RAS/RAF pathways that are often dysregulated in oncogenesis (re-
viewed in [95, 96]). Although HER2 mutations are rare in SECs [47, 49], HER2
gene amplification is common and has been reported in 17–57% of SECs and
serous-like tumors (Table 5.1). Similarly, HER2 over-expression occurs at a
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significantly higher frequency in SECs compared to the other histological subtypes
of EC [97]. The reported frequencies of HER2 over-expression in SECs are highly
variable and range from 17 to 80% [97–108]. HER2 over-expression is associated
with advanced stage [109] and is an independent prognostic factor correlated with
poor outcome in patients with SEC [106, 110], suggesting HER2 may be advan-
tageous to target therapeutically.

HER2 as a Therapeutic Target in SEC

Therapies targeting HER2 and other members of the EGFR family are currently
being tested in clinical trials (Table 5.2) or have been tested in phase II trials
(Table 5.3). Clinical trials of HER2-targeted therapies often require HER2 “posi-
tivity” as an inclusion criteria or endpoint measurement. However, it should be
noted that a standardized definition of HER2 “positivity,” and standardized tests for
HER2 protein levels and gene amplification have not been established for SEC
patients. In an attempt to begin to establish standards for HER2 testing in EC, one
study compared the American Society of Clinical Oncology and the College of
American Pathologists (ASCO/CAP) and US Food and Drug Administration
(FDA) scoring criteria that are used for measurements of HER positivity in breast
cancer in 85 SECs and found a superior concordance between HER2 fluorescence
in situ hybridization (FISH) [PathVysion Kit (Abbott Molecular)] and IHC
[Herceptest (Dako Denmark A/S)] results using the ASCO/CAP scoring criteria
[111]. Concordance between HER2 FISH and IHC has been confirmed in other
studies of SEC [102, 112, 113], and both FISH and IHC are currently being utilized
to measure HER2 expression in phase II trials recruiting patients with SEC
(Table 5.3). Here, we summarize the most advanced clinical trial results of
HER2-targeted therapies in SEC to date.

Clinical investigations into the efficacy of Herceptin® (trastuzumab; Genentech),
a humanized monoclonal antibody directed against HER2, for the treatment of SEC
are underway. Although trastuzumab gained FDA approval for the treatment of
breast cancer patients with HER-positive tumors, early results in SEC are mixed.
Encouragingly, two SEC patients in one report who achieved a complete response
and stable disease after trastuzumab treatment exhibited HER2 over-expression in
the associated tumors, as defined by strong (3+) IHC staining [107]. In contrast, a
phase II trial of trastuzumab in HER2-positive (as measured by IHC or FISH) EC
patients with advanced or recurrent disease, with or without prior therapy, observed
no objective responses [114]. However, there has been some debate as to whether
this trial was adequately powered to detect responsiveness [115]. Moreover, at the
molecular level, it has been suggested that higher levels of the p95HER2 variant
observed in SECs compared with breast cancers might confer primary resistance to
trastuzumab in SEC [116].

Lapatinib is a reversible small-molecule dual inhibitor of both HER1 and HER2
[117] that, unlike trastuzumab, binds the intracellular domain of HER2 (which is
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preserved in p95HER2) [118]. In preclinical studies utilizing xenograft models of
SEC, no attenuation of tumor growth was observed with single-agent trastuzumab
whereas a significant reduction in tumor growth of HER2-amplified tumor xeno-
grafts was observed with the combination of lapatinib and trastuzumab [112].
However, a phase II trial of lapatinib in persistent or recurrent EC indicated limited
activity, but very few tumors were either HER2-positive by IHC or EGFR-mutated;
one patient with a novel EGFR mutation showed a partial response and prolonged
progression-free survival [119].

Gilotrif ® (afatinib; Boehringer Ingelheim Pharmaceuticals, Inc.) is a small-
molecule irreversible inhibitor of EGFR and HER2 [120]. Preclinical results show
that SEC cell lines with HER2 amplification were not only sensitive to afatinib, but
these cell lines were more sensitive than cell lines not harboring HER2 amplifi-
cation; furthermore, mice treated with afatinib displayed decreased growth of
tumors established from SEC cell lines [121]. Of note, a 63-year-old woman with
metastatic papillary SEC with HER2-positive pulmonary nodes (as measured by
FISH) upon recurrence following two rounds of chemotherapy indicated a complete
response to afatinib that lasted almost a year after being taken off the drug [122].

FBXW7 Aberrations in SEC

The FBXW7 tumor suppressor is an integral component of the SCF-FBXW7-E3
ubiquitin ligase complex, which regulates the turnover of numerous protein sub-
strates including several that have been implicated in tumorigenesis such as cyclin
E, MYC, NOTCH, MCL1, and mTOR (reviewed in [123]) (Fig. 5.3). FBXW7 is
somatically mutated in a wide range of solid tumors and hematological malig-
nancies and functions as a haploinsufficient tumor suppressor gene [124, 125].
FBXW7 mutations are common in SEC and serous-like tumors, with frequencies of
8–33% (Table 5.1). Copy number losses encompassing FBXW7, possibly resulting
in haploinsufficiency, have also been noted in 13–52% SEC [48, 50]. Somatic
mutations in FBXW7 appear to be relatively early events in serous endometrial
tumorigenesis based on their presence in concurrent cases of EIC and SEC [48], and
in a case of superficial serous carcinoma [126].
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SREBP1
Aurora-A Aurora-B 

Fig. 5.3 Schematic representation of FBWX7 and a subset of known substrates that are targeted
by the FBXW7 ubiquitin ligase complex for proteosomal degradation. Substrate proteins that are
known to be dysregulated in EC are indicated in bold font
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Most FBXW7 mutations in serous and serous-like ECs are missense mutations
within the WD repeat domain, which mediates FBXW7-substrate interactions
(Fig. 5.2). Within this domain, codons 465, 479, 505, and 689 are major mutational
hot spots in SEC. Codons 465, 479, and 505 are also mutation hot spots in other
tumor types, and mutations at these residues can impair FBXW7-substrate inter-
actions [124, 127–130], and are associated with elevated levels of SCFFBXW7

substrates [125, 131, 132]. In SEC, FBXW7 mutations have been implicated in the
dysregulation of cyclin E based on observations that FBXW7 mutations and CCNE1
amplification, which is also a frequent and early event in SEC [133], exhibit mutual
exclusivity in SEC [48]. However, the overall effect of FBXW7 mutations on the
turnover of other SCFFBXW7 protein substrates, including mTOR, has not yet been
addressed.

Given the abundance of FBXW7 mutations across multiple tumor types, strate-
gies that have been proposed to leverage mutant FBXW7 as a druggable target in
solid tumors include synthetic lethal approaches, targeting oncoproteins that are
upregulated by mutant FBXW7, and the use of small-molecule agonists to facilitate
binding of mutant FBXW7 to protein substrates [125, 134]. In this regard, it is
notable that FBXW7-deficient cancer cell lines exhibit increased sensitivity to
HDAC inhibition [135–137]. Moreover, in T-ALL and ovarian cancer cells,
FBXW7 mutations correlate with high MCL1 levels, resistance to antitubulin
chemotherapeutics including paclitaxel and vincristine, resistance to the BCL-2
inhibitor ABT-727, and sensitivity to sorafenib, a small-molecule multikinase
inhibitor [127, 130]. The potential clinical relevance of FBXW7 mutations in SEC
awaits preclinical investigations. Of note, inhibitors of mTOR, a substrate of
FBXW7, are currently being tested in clinical trials on EC but it is unclear at this
time whether FBXW7 mutations will serve as biomarkers of response.

PPP2R1A Mutations in SEC

The PP2A serine-threonine phosphatase is a trimeric holoenzyme composed of a
catalytic subunit (the C subunit), a scaffolding subunit (the Aa or Ab isoforms), and
a variable regulatory subunit (a member of the B, B′, B′′, B′′′ family subunits).
There is a large body of evidence ascribing tumor suppressor activity to PP2A in
various cellular contexts [138, 139].

PPP2R1A encodes the a-isoform of the scaffolding subunit of PP2A and is
somatically mutated in 17–43% of SECs and serous-like ECs (Table 5.1). The vast
majority of PPP2R1A mutations in SECs, and indeed in certain other gynecologic
cancers, occur at mutational hot spot codons 179, 182, 183, 256, and 257 within
HEAT domains 5 and 8 (exons 5 and 6) (Fig. 5.2). Although the cellular conse-
quences of somatic tumor-associated mutations in PPP2R1A have yet to be
determined, in vitro biochemical studies have shown that several tumor-associated
mutations in PPP2R1A (PPP2R1APro179Ala, Arg182Ala/Glu, Arg183Ala/Glu, Trp257Ala)
have a reduced ability to bind one or more regulatory “B” subunits of PP2A [140].
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Interestingly, in addition to being present as somatic mutations in SECs, the
PPP2R1APro179Leu and PPP2R1AArg182Trp variants also occur as rare de novo
germline variants in individuals with autosomal dominant mental retardation,
suggesting they are pathogenic and function in a dominant or dominant-negative
manner in this clinical context [141].

Whether mutant forms of PPP2R1A represent druggable targets in SEC remains
to be seen. However, it is noteworthy that Gilenya® (Fingolimod, FTY720,
Novartis) is a drug that activates PP2A and has received FDA approval for the
treatment of relapsing multiple sclerosis [142]. Thus, it has been proposed that
preclinical studies to assess the efficacy of fingolimod in animal models of
PPP2R1A-mutated cancers may be warranted [143].

CHD4 Mutations in SEC

Chromodomain-helicase-DNA-binding protein 4 (CHD4; also known as Mi-2b) is a
core subunit of the nucleosome remodeling and histone deacetylase (NuRD) com-
plex (reviewed in [144]). Within this complex, CHD4 is one of the two catalytic
subunits (the other being CHD3) that provide ATPase enzymatic activity to mobilize
nucleosomes [145, 146] and facilitate chromatin remodeling associated with tran-
scriptional regulation [147, 148], cell proliferation [149], maintenance of DNA
integrity [150], and DNA repair [151]. Depletion of CHD4 has been shown to
enhance cell line sensitivity to DNA damaging agents [150–154], result in resistance
to cisplatin in BRCA-mutated ovarian cancer cells [152], inhibit DNA double-strand
break repair [150, 151, 154], increase accumulated DNA damage [150, 155],
decrease cell proliferation [149, 151] and chromatin decondensation [156], and
result in altered cell cycle [149] following exposure to DNA damaging agents [150,
151, 154]. Specifically with respect to altered DNA repair, siRNA-mediated
depletion of CHD4 impairs the recruitment of a number of DNA repair proteins
including HDAC1, MTA2, BRCA1, RNF168, BRIT1, and RPA to sites of DNA
damage, following exposure to DNA damaging agents [150, 153, 154, 157]. In
addition, CHD4 also has NuRD-independent functions in the transcriptional acti-
vation of CD4, Th2 cytokine, and KLF1 and BCL11A genes [158–160].

Whole exome sequencing studies have implicated CHD4 mutations in the
development of SEC [47, 49, 50]. Somatic mutations have been reported in
10–19% of SECs and serous-like tumors (Table 5.1), and CHD4 has also been
reported in amplifications in SEC [47, 50]. The majority of CHD4 mutations in
SECs are missense mutations that localize to the ATPase domain and the helicase
domain (Fig. 5.2) [47, 49, 50], which are required for DNA binding and catalytic
activity [161, 162]. Point mutations in these domains might therefore affect DNA
binding or may disrupt regulatory intramolecular interactions with the PHD and
chromodomains, thus resulting in increased enzymatic activity [162, 163].
Mutations in CHD4 may also affect interactions with other members of the NuRD
complex, or other proteins known to interact with CHD4, with a non-exhaustive list
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of these other proteins to include ATM [154, 157], ATR [164], BRIT1 [153],
BRG1 [165], Gata3 [159], HEB [160], NAB1/2 [166], p300 [160], RFP [160], and
RNF8 [156]. Future research will be needed to determine the significance of CHD4
somatic mutations in SEC with respect to both protein function and potential
therapeutic relevance.

SPOP Mutations in SEC

Speckle-type BTB/POZ protein (SPOP) is a Cul3-Ub E3 ligase-adaptor protein,
which binds to a number of substrate proteins, targeting them for ubiquitination and
subsequent proteolysis [167, 168]. Known substrates of SPOP include AR [169],
BMI1 [168], BRMS1 [170], Daxx [171, 172], DDIT3/CHOP [173], Gli2/3 [174,
175], DEK [176], ERa [177, 178], macroH2A [168, 179], PIPKIIb [180], Pdx1
[181], SRC-3/AIB1 [182], and TRIM24 [176] (Fig. 5.4). SPOP normally localizes
to the nucleus but has been shown to accumulate in the cytoplasm under hypoxic
conditions [183]. Within the context of hypoxia, cytoplasmic targets of SPOP that
have been identified are PTEN, DUSP7, Daxx, and Gli2 [183].

We initially identified SPOP as a significantly mutated gene within SEC exomes,
and subsequent exome sequencing studies have validated this finding. Across
studies, SPOP mutations have been noted in 4–10% of SECs and in 5% of
serous-like ECs (Table 5.1). All somatic SPOP mutations identified within SEC and
serous-like tumors occur within the MATH (Meprin and TRAF homology) domain
[47–50] (Fig. 5.2), which directly binds protein substrates [184]. This pattern
recapitulates the localization of SPOP mutations in prostate cancer, which are also
almost exclusively found in the MATH domain [185–188]. Interestingly, the
spectrum of mutations within the MATH domain differs somewhat between
endometrial and prostate cancers [49, 185–188]. Whether this reflects different
mechanisms of mutagenesis, different functional consequences, or both is not yet
known. Thus far, the functional analysis of SPOP mutants is at an early stage, but it
has been reported that a subset of SPOP mutants found in EC exhibit decreased
ERa binding, degradation and ubiquitination, and, in some instances, increased cell
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Fig. 5.4 Schematic representation of SPOP and a subset of known substrates that are targeted by
the SPOP ubiquitin ligase complex for proteosomal degradation. Substrate proteins that are known
to be dysregulated in EC are highlighted in bold font
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growth of the Ishikawa cell line [178]. Future research will be needed to determine
whether there are other key substrates of SPOP that are deregulated by somatic
MATH domain mutations in SEC.

TAF1 Mutations in SEC

TBD-associated factor 1 (TAF1) is an X-linked gene that is part of the transcription
factor IID (TFIID) complex, which is a core complex that is integral to the initiation
of gene transcription and is comprised of TATA-box-binding protein (TBD) and at
least 13 TAFs (reviewed in [189]). TAF1 is the largest subunit of TFIID and has a
number of reported functions within the complex (reviewed in [190]), including
serving as a major structural component [191, 192], localizing the complex through
co-activator, promoter [193], and histone binding [194], regulation of the activity
other TFIID subunits [195–197], as well as providing enzymatic activity. TAF1 is a
complex protein that has been reported to exhibit kinase [196, 198],
ubiquitin-activating/conjugating [199, 200], and acetyltransferase activities [196,
201].

TAF1 was nominated as a significantly mutated gene in SEC as a result of whole
exome sequencing [50]. In addition to being mutated in 5–13% of SEC and
serous-like tumors (Table 5.1), TAF1 mutations have also been associated with
diffuse large B cell lymphoma [202], medulloblastoma [203], and lung cancers
[204, 205]. A pan-cancer analysis also nominated TAF1 as a significantly mutated
gene [205]. In SEC, the majority of somatic mutations reported in TAF1 are mis-
sense mutations that occur within the putative histone acetyltransferase
(HAT) domain and a region between the HAT domain and the bromodomains
[47, 50] (Fig. 5.2). In the absence of functional studies of these mutations, we can
only speculate at this time on their possible effects. In this regard, it is conceivable
that mutations in the HAT domain might alter TAF1 acetyltransferase activity
possibly by releasing the regulatory contact between TAF1 and TAF7 [195], or they
might affect the ability of the TAF1 HAT domain to bind DNA [206]. It may prove
challenging to pinpoint the exact effects of somatic mutations in TAF1, given the
diverse functional roles of the TAF1 protein within the TFIID complex. Although it
is premature to speculate on the clinical significance, if any, of TAF1 mutants in
SEC, it is noteworthy that UMB-32, a lead compound in a chemical library screen
for bromodomain inhibitors, targets TAF1 and a related protein TAF1L [207].

Novel Clinical Trial Designs

Identification of predictive biomarkers of response to targeted therapies in SEC
patients could catalyze the clinical translation of what is known of the molecular
pathology of SEC. Although there have been anecdotal reports of responses to
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targeted therapies in SEC, clinically relevant biomarkers have not yet been
uncovered. This might reflect the evolution of the tumor genome between the time
of tissue resection and the administration of therapy, limitations in the numbers of
SEC patients included in clinical trials, the statistical power of study design, or the
evaluation of a limited number of molecular alterations. In this regard, clinical
studies such as NCI’s National Clinical Trials Network (NCTN)—Exceptional
Responders Initiative (NCT02243592) may prove informative in revealing
biomarkers of drug responsiveness for SEC patients. Within this study, whole
exome and/or targeted deep sequencing and potentially other molecular approaches
will be used to search for biomarkers of response in patients who have previously
achieved “a complete or partial response lasting at least 6 months after receiving a
treatment for which <10% of patients are expected to have a complete or partial
response for this duration” (reviewed in [208]). Moving forward, basket trial design
[209] may also prove to be informative for comparatively rare cancer types such as
SEC for which it can be difficult to accrue sufficient numbers of patients for tra-
ditional or umbrella clinical trial designs. Currently, at least three basket trials have
the potential to enroll SEC patients: the National Cancer Institute’s Molecular
Analysis for Therapy Choice [NCI-MATCH; (NCT02465060)], the National
Cancer Institute’s Molecular Profiling-Based Assignment of Cancer Therapy
[NCI-MPACT; (NCT01827384)], and the Worldwide Innovative Networking
Consortium’s WINTHER (NCT01856296) clinical trials [210–212].

Summary and Conclusion

In this chapter, we have provided an overview of the current state of knowledge
regarding the molecular pathology of SEC. In the current understanding, the major
pathogenic drivers are TP53, the PI3K pathway, HER2 (ERBB2), FBXW7, MYC,
CCNE1, PPP2R1A, CHD4, SPOP, and TAF. Precisely how this knowledge will
translate into clinical practice remains to be seen, but against the backdrop of
genomic and functional studies, ongoing clinical trials of targeted therapies, and
novel clinical trial designs, we hope that advancements in the understanding of the
molecular pathology of SEC will eventually translate into identification of clinically
relevant biomarkers and, most importantly, increased quality of life and survival
times for SEC patients.
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Chapter 6
Uterine Clear Cell Carcinoma

Melissa K. McConechy, Cheng-Han Lee and Blaise A. Clarke

Introduction

Clear cell carcinoma (CCC) is a rare subtype of endometrial cancer [1]. While the
frequency of this subtype has been reported to range between 1 and 7%, pure
endometrial CCC (excluding cases with mixed subtypes) likely accounts for only
1% of all endometrial cancers [2]. The first reported case of endometrial CCC was
described by Dr. De Bonneville in a German report in 1911 [3]. In a comprehensive
pathology review by Drs. Clement and Young [2], it is acknowledged that CCCs
were not widely recognized until the 1960s and 1970s [3–5]. In 1994, CCC was
formally added to the classification of endometrial carcinomas by the World Health
Organization (WHO) and the International Society of Gynecologic Pathologists [6].
In 1983, Bokhman proposed the classic dualistic histopathologic model separating
endometrial cancer histotypes into two broad types; type 1 as estrogen-dependent
endometrioid endometrial carcinoma (EEC), and type 2 non-endometrioid
endometrial carcinoma (NEEC) [7]. This was based on pathogenetic features
including clinical, metabolic, and endocrine characteristics. However, Bokhman did
not acknowledge all endometrial subtypes in his dualistic model; for example CCC,
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carcinosarcoma, and undifferentiated carcinoma were not included [8, 9]. While
endometrial CCC was never included in this model, most studies have grouped
endometrial CCC together with serous carcinoma in this dualistic historical clas-
sification [10].

Clinically, CCC of the endometrium has a poor prognosis with a tendency to
metastasize to lymph nodes and the peritoneal cavity, and has a poor response to
standard chemotherapy [11–14]. The overall five-year survival rate for stages I–IV
is 79, 77, 47, and 21%, respectively [14]. Driven by the clinical need for more
effective systemic therapies, there are ongoing and emerging clinical trials evalu-
ating the efficacy of targeted therapies (i.e., Temsirolimus or Sunitinib) on both
ovarian and endometrial CCCs (clinical trial NCT01396408) [15]. Accurate clas-
sification and diagnosis of endometrial CCC is therefore important. However, it is
increasingly recognized that a subset of other more common subtypes of
endometrial carcinoma, such as endometrioid adenocarcinoma and serous carci-
noma, can display significant morphologic overlap with CCC. Therefore, it can be
difficult to differentiate CCC from its mimics in some instances, and this contributes
to significant interobserver variability in the diagnosis of CCC [16–18]. In addition,
there are also tumors that exhibit a mixture of different histologic subtypes, thus
prompting the diagnosis of mixed-type carcinoma that includes a CCC component
[2]. However, there is emerging evidence that most such mixed-type endometrial
carcinomas with a CCC component may not be clinically and biologically the same
as pure endometrial CCC.

The relative rarity of endometrial CCC and the diagnostic difficulties present
significant challenges to a better understanding of endometrial CCC. As such, most
of our current understanding about endometrial CCC was advanced through study
of its ovarian counterpart. In this chapter, we will review the molecular features of
endometrial CCC, with an emphasis on recent and emerging findings that will likely
impact the management of this disease.

Histopathologic Features

Like its ovarian counterpart, endometrial CCC can exhibit a range of architectural
patterns (papillary, glandular, solid, and cystic) and cytoplasmic features (clear and
oxyphilic) [19]. In the largest series of rigorously reviewed pure endometrial CCCs
to date [19], about 90% of endometrial CCCs display a mixture of architectural
patterns, with the glandular pattern being the most common and predominant,
followed by papillary, solid, and cystic patterns in decreasing order of frequency
(Fig. 6.1). The tumor cells are cuboidal in shape and may display a hobnail
appearance in the glandular, papillary, and cystic areas. The cytoplasm can be clear
or eosinophilic in tincture and the great majority of cases have a mix of clear and
eosinophilic cytoplasm. About 10% of the cases have purely eosinophilic cyto-
plasm (eosinophilic variant of clear cell carcinoma). There is typically moderate
nuclear atypia with most tumors containing focally prominent nucleoli. Nuclear
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stratification is uncommon and focal if present. Mitotic activity is typically low (<5
mitotic figures per 10 high power fields). Stromal hyalinization and hyaline bodies
are seen in a subset of cases. It is important to note that the above descriptions are
for histologically conventional and unambiguous cases of pure endometrial CCCs.
It is also well recognized that the two most common subtypes of endometrial
carcinoma—endometrioid adenocarcinoma and serous carcinoma can exhibit
varying amounts and varying degrees of clear cell features in some cases [20].
Thus, there are morphologically ambiguous cases that can display hybrid histology
(features intermediate between different histologic subtypes) or spatially mixed
cases with different areas exhibiting different histotypes (potential collision tumor).

Fig. 6.1 Histologic features of pure endometrial clear cell carcinoma. a Clear cell carcinoma with
glandular architecture, b clear cell carcinoma with papillary architecture and prominent stromal
hyalinization, c clear cell carcinoma with solid growth pattern, d clear cell carcinoma with
tubulocystic growth pattern
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Immunophenotypic Features

Given the routine use of immunohistochemistry in diagnostic pathology, significant
effort has been made to determine the immunophenotype of endometrial CCC in an
attempt to identify a panel of immunomarkers that may aid in its diagnosis. This
section provides a description of immunohistochemical markers that have been
used to define endometrial CCC, although not all markers are considered clinically
useful. The studies discussed herein summarized in Table 6.1.

One of the first immunoprofiles of CCC by Lax et al. characterized tumors by
ER and PR immunonegativity, low p53 immunoreactivity, and a high Ki67 pro-
liferation index [21] (Fig. 6.2a). The first comprehensive study to determine the
immunohistochemical profiles of CCCs came from Vang et al. in 2001, in which
they studied 13 different markers in a small number of ovarian CCC (n = 11) and
uterine CCC (n = 5) [22]. Uterine clear cell tumors were immunopositive for CK7
(100%), CAM5.2 (100%), 34bE12 (80%), CEA (100%), Leu-MI (100%), Vimentin
(100%), bcl-2 (80%), p53 (100%), CA-125 (100%), and Her-2/neu (20%). Markers
that were negative included CK20, ER, and PR. These immunoprofiles were found
to be similar in the ovary, endometrium, and genitourinary tract, and therefore, they
are generally not useful in distinguishing the primary site of origin [22]. A second
immunohistochemical study by Vang et al., tested a panel of immunomarkers with
the of goal distinguishing Arias-Stella reaction from high-grade endometrial car-
cinomas, in particular CCCs [23]. In this series, the majority of uterine clear cell
carcinomas were Ki67 positive (82%), p53 positive (73%), and ER and PR nega-
tive. These markers, although helpful in the differential diagnosis of CCC and
Arias-Stella reaction, did not aid in distinguishing endometrial CCC from serous
carcinoma. In a different series of 13 endometrial CCCs compared to 144
endometrial endometrioid adenocarcinomas, Arai et al., found CCC immunoposi-
tivity for p53, cyclin A, Ki67, and P-glycoprotein, but low or no expressivity of
cyclin E, E-cadherin, and PR [24].

The gene HNF1b was first described to be associated with ovarian CCC and
ovarian endometriosis using DNA microarray gene expression analysis [25, 26].
Using this association, Yamamoto et al., first described strong immunoreactivity of
HNF-1b in a small number of endometrial CCC (n = 5), with all other endometrial
histologies negative [27]. All ovarian CCCs were also strongly positive for
HNF-1b, with other ovarian histologies mostly negative. Hoang et al., described the
use of a panel of HNF-1b, ER, and p53 immunomarkers to distinguish prototypical
endometrial CCC (n = 15) from endometrial serous and endometrioid carcinomas
[28]. All prototypical CCC were HNF-1b positive (diffuse moderate to strong
nuclear staining), all except one was ER negative, and 33% displayed aberrant p53
staining (Fig. 6.2). In contrast, endometrioid adenocarcinomas were all HNF-1b
negative, the majority ER positive, and 20% had an abnormal p53. Serous carci-
nomas exhibited HNF-1b positive or negative staining, all except one was ER
positive, and all had aberrant p53 staining. In this study, a prototypical CCC was
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characterized by a profile with HNF-1b positive, ER negative, and either p53
diffuse or absent immunostaining [28].

Mutations in the gene ARID1A results in loss of the BAF250a protein, which
was originally identified in 46–57% of ovarian CCCs and endometriosis precursors
[29, 30]. The histologic similarities of ovarian and endometrial CCC, also led to the
exploration of loss of BAF250a in endometrial CCC. In a study of BAF250a loss in
a number of different tumor types, 26% (6 of 23 cases) of endometrial CCC were
found to be immunonegative for BAF250a [31]. In a subsequent study, 23% of pure
endometrial CCC were BAF250a negative and these tumors were significantly
more likely to present with advanced stage disease [32]. Additional studies have
displayed loss of BAF250a in 13% of endometrial CCC [33, 34]. In a follow-up
study by Fadre et al., the authors set out to determine if loss of BAF250a expression
and p53 immunopositive staining was associated with prognostic significance. They
discovered that 20% of endometrial CCC were BAF250a negative, but that this was
not prognostically significant despite earlier studies reporting the association of
protein loss in advanced stage tumors [35].

Immunohistochemical expression of the protein napsin A has been reported in
8–10% of endometrial carcinomas [36, 37]. In endometrial CCC, the expression of
napsin A is frequent (88%), with napsin A being negative or low in endometrial
endometrioid and serous carcinomas [38]. Expression is not associated with out-
come or other clinicopathologic factors. In a separate study, 75% of endometrial
CCC were napsin A immunopositive, with no expression in endometrioid adeno-
carcinoma or endometrioid adenocarcinoma with clear cell changes [34]. Napsin A
alone as a diagnostic marker for CCC had high specificity (93%) and sensitivity
(87.5%). Iwamoto et al., reported a series of endometrial CCC (n = 15) with 67%
napsin A positive expression, 100% PAX8 positive, 80% CA125 positive, and 93%
TTF-1 (thyroid transcription factor 1) negative. These markers were used to dis-
tinguish CCC from other ovarian and endometrial histotypes [39]. Lastly, in a
consensus-reviewed cohort of 15 prototypical CCC, an immunoanalysis of napsin
A and ARID1A/BAF250a, and a mutational analysis were performed [33].
Napsin A positivity was observed in 93% of clear cell tumors and 13% had loss of
BAF250a. Thus, napsin A immunoexpression has the potential for being a diag-
nostic adjunct in distinguishing typical CCC from endometrial histological mimics.
Furthermore, it has been suggested that the expression of napsin A may provide
insight into why clear cell carcinoma patients may be at increased risk for venous
thromboembolic events [38, 40].

Early immunohistochemical analyses of p53 were difficult to interpret [41, 42],
as they predate subsequent studies that better defined the relationship between TP53
mutation status and protein expression patterns by immunohistochemistry [43, 44].
Missense mutations in TP53 cause accumulation of nuclear p53 and they typically
result in strong diffuse nuclear p53 immunopositivity [45]. In contrast, null muta-
tions (nonsense, deletions, and insertions) typically result in a complete loss of p53
immunostaining, though this can be difficult to interpret if there is no internal
positive control present [46]. In studies that applied the more up-to-date interpre-
tation of p53 immunohistochemistry, abnormal p53 immunostaining that suggests
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the presence of TP53 mutation was observed in about a third of endometrial CCC
[33, 35].

Overall, it is clear that at present, no single immunomarker marker alone is
sufficient to support an unequivocal diagnosis of endometrial clear cell carcinoma.
One therefore has to make use of a combination of markers. The majority of pure
endometrial clear cell carcinomas have an HNF-1b-positive, napsin A-positive, and
ER-negative immunoprofile, while exhibiting a wild-type p53 staining pattern. As
such, tumors that exhibit the histologic features and the prototypical immunoprofile
of clear cell carcinoma can be classified as endometrial clear cell carcinoma.

Fig. 6.2 Immunohistochemical features of pure endometrial clear cell carcinoma. a Negative
estrogen receptor (ER) with internal stroma positive control, b diffuse HNF-1b nuclear staining,
c cytoplasmic Napsin A staining, d diffuse strong nuclear p53 staining in a clear cell carcinoma
harboring a R141C missense TP53 mutation (in contrast to the wild-type p53 staining pattern in
the adjacent normal endometrial glands)
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The diagnostic challenge lies with tumors that exhibit an atypical immunophenotype.
For instance, about a third of pure endometrial clear cell carcinomas have a mutated
p53 immunostaining pattern, and within this TP53-mutated subset some exhibit a
mutational profile that is identical to endometrial serous carcinoma (with concurrent
TP53 and PPP2R1A mutations, and a lack of ARID1A mutation). It is therefore
plausible that some of these TP53-mutated endometrial clear cell carcinomas may
actually be serous carcinomas. On that note, there is also evidence to suggest that
TP53-mutated endometrial clear cell carcinomas behave more aggressive clinically
than tumors with wild-type TP53 [35]. As for mixed histotype endometrial carcino-
mas with a clear cell carcinoma component, MSI or MMR protein immunohisto-
chemical studies may provide useful insight into the nature of these tumors, as those
having identicalMSI-H status orMMRprotein deficiency in the different components
are molecularly different from pure endometrial clear cell carcinoma.

Genetic Features

Given the rarity of pure endometrial CCC, there are only a few studies in the
literature that have examined pure endometrial CCC. The mutation frequencies for
each of the studies described herein are found in Table 6.2. The first study to
identify DNA mutations in endometrial CCC (n = 14) described PTEN mutations in
21% of tumors, 9% of pure tumors with TP53 mutations [47], and 4 (29%) mixed
tumors with clear cell components with TP53 mutations. Microsatellite instability
(MI) was identified in 2 cases (14%).

Mutations in PIK3CA and other genes in the PI3K pathway have been identified
in all subtypes of endometrial carcinoma [48, 49], with a high frequency in
endometrioid adenocarcinomas [50]. Few studies have identified PIK3CA muta-
tions in CCC, with frequencies ranging from 9 to 30% [33, 50–52]. In a study by
Bashir et al. [51] 17% (3 of 18 cases) harbored PIK3CA mutations, all identified in
exon 4, which is outside of the hotspot helical (exon 9) and kinase (exon 20)
domains. Moreover in all other studies, PIK3CA mutations were found in multiple
exons as well as the classic hotspot regions.

A study by Rudd et al. sequenced serous and clear cell carcinomas to determine
the mutational landscape of tyrosine kinases in an effort to provide targets for
therapeutics [53]. Mutations in these genes were rare, as only 1 of 21 (5%) CCC
harbored a mutation in the gene TNK2 (Tyrosine kinase non-receptor protein 2).
This particular tumor was also MSI positive; therefore, the TNK2 mutation could
have been a passenger mutation as a consequence of mismatch repair deficiency.
The MSI status of theses tumors was previously reported as 3 of 23 tumors (13%)
being MSI positive [54]. Additionally, 1 of 21 (5%) tumors harbored a POLE
mutation in the exonuclease domain; this event was mutually exclusive from the
TNK2 mutation and MSI positivity [53].

Gallo et al. was the first to perform whole exome sequencing in endometrial
serous carcinomas to identify recurrent mutations in chromatin remodeling and
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ubiquitin ligase complex genes [54]. From this group of genes, endometrial CCC
were resequenced to identify 22% (5 of 23) harboring mutations in ubiquitin ligase
complex genes (FBXW7, SPOP) and 22% (5 of 23) with mutations in
chromatin-remodeling genes (CHD4, EP300, ARID1A, BAZ1B).

To study the molecular genetic features of pure endometrial CCC, Hoang et al.
[33] sequenced a panel of genes previously identified to be recurrently mutated in
ovarian and endometrial carcinomas [49, 54, 55]. In this series, 29% (4 of 14)
harbored TP53 mutations, 29% (4 of 14) SPOP mutations, 21% (3 of 14) PPP2R1A
mutations, and 7% (1 of 14) with FBXW7 mutations. This mutational profile is
similar to serous-type carcinoma. While previous studies have found mutations in
the PI3K pathway, only 14% (2 of 14) of tumors contained PIK3CA mutations and
no mutations were identified in PTEN. ARID1A mutations were identified in 14%
of tumors (2 of 14), 1 had a KRAS mutation (non-hotspot), and no CTNNB1
mutations were found. In addition, all 14 pure CCC had intact mismatch repair
protein expression by immunohistochemistry. Therefore, the authors concluded that
most endometrial CCC lack mutations that are more commonly seen in
endometrioid adenocarcinomas. Interestingly, TP53-mutated endometrial CCC
demonstrate overlap with serous carcinomas, with half of the TP53-mutated CCC
having a serous-type mutation profile (concurrent TP53 and PPP2R1A mutations).

Recently, gain-of-function mutations at the telomerase reverse transcriptase
TERT promoter has been identified in a subset (21%) of endometrial CCC [56].
Upregulated expression of TERT is believed to aid in the maintenance of telomere
length and tumor development.

To date, there have been no published reports of whole genome or exome
sequencing performed on pure endometrial CCC. This rare tumor was not included
in the TCGA endometrial sequencing project [55], therefore more genetic analysis
is needed to fully determine its genetic landscape. However, based on targeted
sequencing efforts and the limited mutation profile obtained thus far, pure
endometrial CCC as a group do not appear to fit well into a single TCGA
endometrial molecular type category [33]. An extensive genetic profile using whole
genome or exome sequencing may also aid in characterizing the distinction between
serous and clear cell carcinomas.

Biological Function of Immunohistochemical
and Genetic Markers

HNF-1b

Hepatocyte nuclear factor-1b or transcription factor 2 (HNF-1b, TCF2) is a
homeodomain transcription factor that is related to hepatocyte nuclear factor-1a
[57]. This gene is important in the embryonic development of kidney, pancreas,
liver, and bile duct differentiation and organogenesis [58–60]. HNF-1b is a major
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regulator of glucose homeostasis [61] and mutations are associated with
multi-system disorders such as kidney and pancreatic disease, genital tract mal-
formations, and abnormal liver function [62]. Upregulation of HNF-1b by
expression analysis was first documented in ovarian CCC [25, 26] and has since
been used as an immunohistochemical marker to distinguish ovarian clear cell from
endometrioid and serous carcinomas [63, 64]. Epigenetic genome-wide studies
have identified DNA SNPs (single nucleotide polymorphisms) within HNF-1b that
are associated with differing risks of developing ovarian clear cell or serous cancers
[65, 66].

Napsin A

Napsin A, aspartic peptidase (NAPSA), is a peptide segment of aspartic proteinase
that is important for the control and activation of these enzymes. This gene was first
discovered to be expressed in lung and kidney tissue [67] and is identical to the
TAO1/TAO2 peptides previously discovered in lung adenocarcinomas [68]. This
stimulated interest in its use as a diagnostic marker, and it is now used in the
classification of lung and renal carcinomas [69, 70]. Ovarian CCC were also
identified as expressing napsin A [36], with potential utility as a diagnostic marker
[71, 72]. As described previously, napsin A immunohistochemical expression may
be used as a diagnostic aid for endometrial CCC when combined with additional
markers in a panel [33, 38, 39] (Table 6.1). Napsin A expression also may be an
important link to increased risk for venous thromboembolic events in CCC patients
[38, 40].

Bax and Bcl-2

Bax is an apoptosis promoting gene from the bcl-2 family, whereas bcl-2 acts to
prolong survival and counteract apoptosis [73]. Studies have shown the expression
of bcl-2 and Bax in normal endometrium [74] and the expression of bcl-2 in
endometrial carcinomas (14, 15). However, Kakawa et al, found that bcl-2
expression is low to negative in endometrial CCC and that there is an increased
number of Bax positive cells [75]. Therefore, the process of apoptosis may be
increased in CCC, although this is still uncertain. In epithelial ovarian cancer, Bax
expression has been reported as a prognostic indicator in TP53 mutation positive
tumors [76].
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TP53/p53

Tumor protein 53 (TP53, p53) is a tumor suppressor protein that plays a role in
transcriptional activation in response to cellular stresses. The TP53 gene is the most
highly studied gene in cancer biology, as it is the most commonly mutated gene in
human cancer [77]. As previously described, it took many years to understand how
different patterns of p53 protein staining were associated with mutation status. TP53
mutations and p53 abnormal staining have been associated with clinical prognosis
in endometrial tumor types [55, 78], primarily serous carcinoma, but this has not
been adequately verified in endometrial CCC. The abnormal expression of p53 and
TP53 mutations has been reported in about a third of endometrial CCC (Tables 6.1
and 6.2); this is considerably greater than that observed in ovarian CCC. It is
possible that some TP53-mutated endometrial CCC may represent typical TP53
wild-type CCC that subsequently acquired TP53 mutations. However, it is also
possible that some of the TP53-mutated endometrial tumors thought to be CCC
may actually be serous carcinomas that exhibit diffuse clear cell changes closely
mimicking CCC [33].

ARID1A/BAF250a

The gene ARID1A (AT-Rich Interacting Domain containing protein 1A—SWI-like)
encodes a protein subunit of the SWI/SNF complex BAF250a that acts as a tumor
suppressor. The SWI/SNF chromatin remodeling complex is a multi-subunit
ATP-dependent protein complex that acts in transcriptional regulation, DNA
replication and repair, and cellular differentiation [79]. ARID1A mutations were first
described in 46–57% of ovarian clear cell carcinomas [29, 30] and have since been
identified in endometrial, gastric, breast, pancreatic, hepatocellular, bladder, and
other cancer types [80]. Loss of BAF250a or mutations of ARID1A are present at a
lower frequency of 13–26% in endometrial clear cell carcinomas (Table 6.1 and
6.2). In ovarian clear cell carcinoma, the majority of the mutations are truncating
inactivating mutations that lead to loss of the BAF250a protein that can be iden-
tified by immunohistochemistry [31]. ARID1A mutations also have been identified
in adjacent endometriosis, the putative precursor to ovarian clear cell carcinoma,
raising the possibility that mutations in the gene are an early-cancer causing event
[29].

PPP2R1A

Protein phosphatase 2A, regulatory subunit Aa (PPP2R1A), is the scaffolding
protein subunit of the heterotrimeric protein phosphatase 2A complex (PP2A).
PP2A is a serine/threonine phosphatase complex that makes up about 1% of all
cellular proteins and is involved in numerous cellular processes such as differen-
tiation, development, and growth [81, 82]. The PP2A holoenzyme is composed of a
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scaffolding A subunit, a catalytic C subunit, and a regulatory B subunit, in which
the B subunit family is composed of many protein members and is the key com-
ponent for substrate-specificity, cellular functions, and localization [83]. Mutations
in PPP2R1A were first identified in ovarian clear cell carcinoma at a low frequency
(7%) [30]. In subsequent studies, subtype-specific PPP2R1A mutations were
identified in 19–40% of endometrial serous carcinoma and in 5–7% of endometrial
endometrioid adenocarcinomas [84, 85]. In ovarian endometrioid adenocarcinomas,
PPP2R1A mutations were identified in 10–12% of cases, with no mutations iden-
tified in ovarian serous carcinomas, suggesting that ovarian and endometrial serous
carcinomas are different entities with similar histologic features. PPP2R1A muta-
tions have also been identified in endometrial clear cell carcinoma (21%), which
show mutational profiles that overlap with serous carcinoma [33].

PIK3CA

PIK3CA (phosphoinositide-3-kinase, catalytic alpha) is a kinase that acts at the cell
membrane to phosphorylate PIP2 (phosphatidylinositol 4,5-bisphosphate) to PIP3
(phosphatidylinositol 3,4,5-trisphosphate) that in turn activates the
PI3K-AKT-mTOR pathway. This signal transduction pathway is highly deregulated
in many cancer types and acts to promote cell survival and proliferation [86].
PIK3CA is the second most frequently mutated oncoprotein, and mutations have
been identified in all subtypes of endometrial and ovarian cancers; however, the
frequency of mutations in endometrial clear cell is variable (9–30%). PI3K inhi-
bitors have been proposed to target cancers with alterations in the PI3K pathway,
although clinical trials have been limited and faced challenges [87].

PTEN

The tumor suppressor phosphatase with tensin homology (PTEN) is involved in
suppressing the PI3K pathway and is one of the most frequently altered (by
mutation or promoter methylation) genes in cancer [87]. PTEN opposes PIK3CA by
dephosphorylating PIP3 to PIP2 to inhibit progression of the PI3K pathway [88].
Although mutations in PTEN are identified at high frequency in endometrial
endometrioid adenocarcinomas, PTEN mutations in pure endometrial clear cell
carcinoma are infrequent.

Precursor Lesion and Oncogenesis

Clear cell endometrial intraepithelial carcinoma has been proposed as a putative
precursor lesion of clear cell carcinoma of the endometrium [89, 90]. This is
described an atypical cellular proliferation on the endometrial surface and/or within
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superficial glands that exhibits cytologic features of clear cell carcinoma. This
putative precursor lesion has been identified in about 50–90% of endometrial clear
cell carcinomas [19, 90] and shares immunophenotypic similarity with clear cell
carcinoma (i.e., reduced hormone receptor expression and wild-type p53 staining
pattern). There has not been genetic characterization of this putative precursor
lesion to date. In the absence of more definitive characterization, it remains unclear
whether this intraepithelial proliferation is truly a precursor lesion.

Similarity and Differences of Molecular Features
of Endometrial and Ovarian Clear Cell Carcinoma

Endometrial clear cell carcinoma is uncommon compared to its ovarian
counterpart. Due to its rarity, many of the molecular characteristics of endometrial
clear cell carcinoma have been extrapolated from ovarian clear cell carcinoma.
There is considerable similarity in the immunophenotype and mutation profiles of
ovarian and endometrial clear cell carcinoma, although the frequencies can vary.
For example, the expression of HNF-1b [26] and napsin A [71] is frequent in both
ovarian and endometrial clear cell carcinomas. Mutations in ARID1A and the loss of
protein BAF250a were first discovered in ovarian clear cell carcinoma [29, 30] and
subsequently also identified in endometrial clear cell carcinoma albeit at lower
frequency [31, 32].

One of the major differences between endometrial and ovarian clear cell carci-
noma is the presence of TP53 mutations leading to loss or overexpression of the
p53 protein. TP53 mutations have been identified in about one-third of endometrial
clear cell carcinomas (Tables 6.1 and 6.2). In ovarian clear cell carcinomas, TP53
mutations are infrequent events [91, 92]. While this may reflect true biologic dif-
ferences between ovarian and endometrial clear cell carcinomas, it is possible as
discussed earlier that some of these TP53-mutated endometrial clear cell carcino-
mas may in fact represent serous carcinomas with diffuse clear cell changes [33,
93].

Conclusion and Future Directions

Significant progress has been made in our understanding of endometrial clear cell
carcinoma over the past decade, and this has prompted some changes in our
approach to its diagnosis. There remains, however, a significant gap in our
understanding of the underlying oncobiology of endometrial clear cell carcinoma.
For pure endometrial clear cell carcinoma, it is unclear what the underlying
genetic/epigenetic abnormalities are aside from ARID1A that contribute to their
oncogenesis. It is also unclear whether TP53-mutated endometrial clear cell
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carcinomas are truly clear cell carcinomas or whether they should be considered as
serous carcinoma or perhaps copy number high serous-like molecular type based on
the TCGA endometrial cancer molecular subtype classification [55]. Furthermore,
is MSI-H/MMR protein-deficient clear cell carcinoma (either in its pure form or as a
component of a mixed histotype carcinoma) biologically and clinically the same as
pure endometrial clear cell carcinoma that is MSI/MMR-intact? These are all sci-
entifically important questions that have far reaching clinical implications. With the
application of increasingly robust high throughput genetic, epigenetic, and pro-
teomic analytical tools, it is hopeful that we will soon gain more clarity on the
oncobiology of endometrial clear cell carcinoma.
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Chapter 7
Mucinous Adenocarcinoma
of the Endometrium

Kyu-Rae Kim and Stanley J. Robboy

Clinical Features

The clinical features of mucinous adenocarcinoma including age, body mass index,
menopausal status, nulliparity, and clinical symptoms are similar to those of
endometrioid adenocarcinoma [1–10]. Hormone use has been implicated as a
possible cause of this histologic feature, as approximately half of patients had a
history of exogenous hormones (estrogen, progesterone, or combined) in one study
[1]. HPV DNA has not been detected by PCR amplification of tumor DNA; thus,
this tumor does not seem to be caused by HPV infection [11].

No significant differences are observed in baseline characteristics of the tumor,
including tumor diameter, lymphvascular invasion, deep myometrial invasion,
cervical involvement, disease-free survival, and overall survival compared to
endometrioid adenocarcinoma. However, in a few studies, including one using the
SEER database, patients with mucinous histology were more likely to have pelvic
lymph nodes metastases at the time of surgery compared to endometrioid adeno-
carcinoma [9, 10, 12]. The overall prognosis of patients with mucinous adeno-
carcinoma appears similar to those with low-grade endometrioid adenocarcinoma of
the same stage.
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Histopathologic Features

Mucinous adenocarcinoma of the endometrium includes a typical type and several
rare variants, including microglandular adenocarcinoma and low-grade mucinous
adenocarcinoma, which simulate non-neoplastic endocervical tissue and adenoma
malignum of the uterine cervix, respectively. Histologically, the tumor forms
cribriform or confluent glands, similar to typical endometrioid adenocarcinoma, but
with abundant mucinous cytoplasm (Fig. 7.1a, b). Often, they have papillary or
villoglandular architecture. Nuclear atypia is only mild to moderate, and mitotic
activity is not prominent. Endometrial hyperplasia/endometrial intraepithelial neo-
plasia (EIN) or papillary/complex mucinous metaplasia is sometimes present in the
adjacent endometrium.

Fig. 7.1 Mucinous adenocarcinoma of the endometrium. a Typical pattern of mucinous
adenocarcinoma with cribriform or confluent glands lined by cells with mucinous cytoplasm.
b Low-grade carcinoma showing a moderately complex architecture with absent-to-mild cytologic
atypia. c Microglandular adenocarcinoma of the endometrium composed of a tightly packed
proliferation of small mucinous glands simulating endocervical glandular hyperplasia. These
glands are architecturally irregular and display tall columnar cells with stratification and atypia,
prominent nucleoli and pale to eosinophilic cytoplasm. Numerous neutrophils lie within glandular
lumens and in the stroma
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Microglandular adenocarcinoma of the endometrium simulates microglandular
hyperplasia of the endocervix because of its closely packed small glands typically
lined by one to several layers of bland, flattened, or cuboidal to columnar cells, with
low mitotic activity [7, 11, 13–15]. Cystically dilated glands are often interspersed.
In some cases, solid sheets of epithelial cells are formed around the microglandular
spaces, which mimic immature squamous metaplasia. The cells contain pale to
eosinophilic or amphophilic cytoplasm and the glandular lumina contain eosino-
philic or basophilic secretory material. There are acute inflammatory cells in the
glandular lumina and intervening stroma, which enhance the resemblance to
microglandular hyperplasia of the endocervix. The remaining endometrial mucosa
frequently contains complex hyperplasia with atypia/EIN [11].

Features that may help distinguish microglandular adenocarcinoma from
microglandular hyperplasia in a curettage specimen are postmenopausal age of the
patient, transition to typical endometrioid adenocarcinoma, and nuclear atypia and
mitotic activity exceeding that usually found in microglandular hyperplasia.
Microglandular hyperplasia of the endocervix is rare in postmenopausal women if
they are not receiving hormonal treatment and the glands are typically lined by
bland, flattened, or cuboidal cells, usually with very little mitotic activity. However,
atypical variants of microglandular hyperplasia may have reticular, solid
(sheet-like), or pseudo-infiltrative growth pattern, nuclear pleomorphism, hobnail
and signet ring cells, and increased mitotic activity [16, 17]. Thus, KRAS mutation
status and a PAX2 negative immunophenotype can be helpful in the differential
diagnosis [17, 18].

Another rare histologic variant of mucinous endometrial adenocarcinoma has
been described under the name “low-grade mucinous adenocarcinoma” [1]. It has
deceptively bland cytology resembling adenoma malignum of the cervix [1]. The
clinical features, however, are not significantly different from other types of
endometrial mucinous adenocarcinoma [1].

Histologically, these tumors have simple or branched papillary epithelium with
eosinophilic-to-basophilic mucin containing cytoplasm (Fig. 7.1c). The nuclei are
basally located and are either cytologically bland or exhibit only mild-to-moderate
atypia with prominent nucleoli. Neutrophils may infiltrate the mucinous glands, but
a microglandular pattern is not present, which distinguishes it from microglandular
adenocarcinoma.

The chief differential diagnoses for “low-grade mucinous endometrial adeno-
carcinoma” include endocervical glandular hyperplasia, minimal deviation adeno-
carcinoma (adenoma malignum) of the cervix, endometrial mucinous metaplasia,
and mucinous hyperplasia.
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Immunohistochemical Profile

The typical immunohistochemical profile of mucinous endometrial adenocarci-
noma, including the variants microglandular adenocarcinoma and low-grade ade-
nocarcinoma, includes strong, diffuse immunoreactivity for cytokeratin CAM5.2
and strong positivity for estrogen, but no p53 reactivity. Expression of progesterone
receptor is variable [7, 11, 19]. P16 is negative or patchy, which is a distinguishing
feature from cervical adenocarcinoma, in which the reactivity is diffuse and strong
[1]. Vimentin and CEA are also useful immunohistochemical markers for distin-
guishing endometrial and endocervical adenocarcinomas. Vimentin is strong in the
great majority of endometrial mucinous adenocarcinomas, whereas only a small
percentage of cervical adenocarcinomas are vimentin positive (commonly as focal
membranous reactivity). CEA is either not expressed [15], may be reactive in rare
cells, or can have luminal positivity in glands [11, 14]. The Ki-67 proliferation
index ranges from 5 to 27% [19].

Differential Diagnosis

Mucinous endometrial adenocarcinoma should be differentiated from endocervical
adenocarcinoma, atypical endometrial hyperplasia with mucinous metaplasia,
papillary or complex mucinous metaplasia, and non-neoplastic endocervical tissue
including microglandular hyperplasia.

Infrequently, endocervical adenocarcinoma can spread intramucosally and col-
onize the endometrium, which may lead to a misdiagnosis of endometrial mucinous
or endometrioid adenocarcinoma [20]. Histologically, endocervical adenocarci-
noma usually has greater cytologic atypia and more prominent mitotic activity
compared to endometrial mucinous adenocarcinoma. Frequently, benign or unin-
volved endometrial glands are noted beneath or among the neoplastic glands in
cases of endocervical adenocarcinoma involving the endometrium [20]. Diffuse
immunoreactivity for p16INK4, at least focal reactivity for monoclonal CEA,
non-reactivity for vimentin, and no more than focal expression of estrogen receptor
(ER) or progesterone receptor (PR) helps with the diagnosis of endocervical ade-
nocarcinoma [8, 21, 22].

Rarely, mucinous material from a low-grade appendiceal mucinous neoplasm
spreads transtubally, which may lead to a misdiagnosis of a primary mucinous
tumor of the endometrium secondary to mucinous substance in cytology or in
biopsy specimens [23, 24]. The recognition of this phenomenon can be extremely
difficult in the absence of a clinical history, but the presence of epithelium con-
taining goblet cells that are cytokeratin (CK) 20 positive and CK 7 negative, plus
absence of coexisting typical endometrioid adenocarcinoma or endometrial
hyperplasia are important clues in the differentiation from primary mucinous
endometrial adenocarcinoma.
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Microglandular adenocarcinoma of the endometrium can closely mimic
microglandular hyperplasia of the endocervix in a curettage specimen when there is
a complex proliferation of glands lined by columnar or cuboidal epithelial cells.
KRAS reportedly can separate the two lesions, as KRAS mutation was absent in all
cases of microglandular hyperplasia, but found in 60% (9 of 15) of cases of
microglandular adenocarcinoma [18].

Papillary Mucinous Metaplasia, a Possible Precursor
of Mucinous Endometrial Adenocarcinoma

Mucinous differentiation of the endometrium occurs in a spectrum that ranges from
simple tubular glands to complex glands, some of which are architecturally indis-
tinguishable from low-grade mucinous adenocarcinomas (Fig. 7.2a–d).

Fig. 7.2 Variable morphologic features of mucinous metaplasia from simple mucinous metaplasia
(a) to complex/papillary mucinous metaplasia (b, c). Although some glands are architecturally
indistinguishable from mucinous adenocarcinomas (d), the nuclear features of simple and papillary
mucinous metaplasia are similar, with round uniform nuclei, finely dispersed chromatin, and one
or two small conspicuous nucleoli
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Various diagnostic terms describe architecturally complex lesions, such as
complex hyperplastic papillary proliferation [25], complex mucinous metaplasia
[26], papillary mucinous metaplasia [27], and atypical mucinous proliferation.
Regardless of the term chosen, architecturally complex mucinous lesions are
associated with an increased rate of subsequent endometrial adenocarcinoma
[28, 29].

Histologically, simple mucinous metaplasia of endometrium is composed of
simple tubular endometrial glands of varying size, lined by a single layer of
columnar or cuboidal epithelium containing intracytoplasmic mucin (Fig. 7.2a). In
some areas, the glandular epithelium is slightly raised above the surrounding flat
mucinous epithelium. More complex forms have a spectrum of architectural
alterations including tufts, micropapillary or papillary infoldings with or without
fibrovascular cores (Fig. 7.2b), cystically dilated glands with intraluminal project-
ing papillary structures (Fig. 7.2c) and complex cribriform-like glandular
arrangements at the periphery of the glands. The nuclei are uniformly round with
finely dispersed chromatin and one or two small conspicuous nucleoli, but no
nuclear pleomorphism or mitoses are identified (Fig. 7.2d). In endometrial biopsy
or curettage specimens, distinguishing complex endometrial mucinous lesions from
mucinous adenocarcinoma often poses a significant diagnostic challenge. In our
experience, the Ki-67 proliferation index is usually low, close to zero, even in the
most complex papillary mucinous structures [27].

Mucinous metaplasia may represent a monoclonal alteration of the endometrium,
as suggested by the presence of non-random X-chromosome inactivation [30]. In
our previous study [27] and in others [31], KRAS mutation was found to be
frequent (67–89%) in papillary mucinous metaplasia (Fig. 7.3), but low (0–14%) in
simple mucinous metaplasia. It was associated with overexpression of P16INK4A

and loss of PAX2 and PR expression in intraglandular papillary tufts, suggesting
that papillary mucinous metaplasia may represent a precancerous state for a certain
subset of mucinous adenocarcinomas of the endometrium [27, 32].

In patients without hysterectomy, follow-up of papillary proliferative lesions
lacking obvious malignant nuclear features showed an uneventful long-term out-
come [25]. Therefore, a lesion with complex papillary architecture should not be
diagnosed as well-differentiated mucinous adenocarcinoma solely because of the
architecture in the absence of cytologic atypia [25].

Pyloric/Gastric Metaplasia of the Endometrium

Patients with Peutz–Jeghers syndrome (PJS) may have both lobular endocervical
glandular hyperplasia and adenoma malignum in the uterine cervix, but they may
also have multiple mucinous lesions in other genital organs, including the endo-
metrium, vagina, fallopian tube, and ovary [33, 34] as well as extragenital organs
such as the urinary bladder, pelvic serosa, and small intestine [35]. The same
multifocal mucinous lesions found in the female genital organs have been described
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in non-PJS patients [36, 37]. Interestingly, the multiple mucinous lesions found in
the genital organs almost exclusively show pyloric gland/gastric metaplasia, con-
taining intracytoplasmic gastric-type mucin (of neutral type), and express gastric
markers including MUC5AC, MUC6, carbonic anhydrase IX, and HIK1083 [35,
37, 38]. The mucinous epithelium in PJS shows marked morphologic diversity,
including benign, malignant, and non-neoplastic (metaplastic) features in the same

Fig. 7.3 Point mutations in the KRAS gene from GGT to GTT in codon 12 (a arrow) and from
GGC to GAC in codon 13 (b arrow), causing single amino-acid substitutions from glycine to
valine, and glycine to aspartic acid, respectively
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patient [39]. The tumorigenic mechanism in patients with PJS is not understood, but
there may be a common underlying mechanism for pyloric gland metaplasia, such
as sporadic or germ line mutation of a STK11/LKB1 gene. The protein product of
STK11 involves chromatin remodeling, cellular energy metabolism, cellular arrest
and cell proliferation, cell polarity, p53-dependent apoptosis, the regulation of
VEGF and Wnt signal transduction [40, 41]. P53 mutations [42] or KRAS muta-
tions have been associated with PJS-associated endocervical [39] and lung cancers
[43]. Further study of the cellular function of STK11/LKB1 may explain why
pyloric gland/gastric metaplasia of the endometrium has malignant potential and the
pathogenetic link between pyloric gland/gastric metaplasia and neoplasia.

Genetics

There are several molecular alterations that distinguish type I (generally
estrogen-dependent and clinically less aggressive, encompassing endometrioid
tumors) and type II (generally estrogen-independent and clinically aggressive,
encompassing serous and clear cell tumors) endometrial carcinomas, although a
substantial overlap exists between the two types [44].

The most common alterations in type I endometrial carcinomas are microsatellite
instability and mutations in PTEN, K-RAS, PIK3CA, FGFR2, and beta-catenin
genes (CTNNBs), whereas type II carcinomas are more often associated with
altered CDKN2A, TP53, and ERBB2 gene functions.

The Cancer Genome Atlas (TCGA) data identified four groups of endometrial
carcinoma based on an integrated genomic characterization, including POLE
ultramutated, microsatellite instability-high, copy number-low, and copy
number-high (serous-like) [45–47]. While these results promise to provide inde-
pendent prognostic information beyond established risk factors, molecular studies
have generally focused on the more common serous and endometrioid carcinoma
histotypes, and relatively few have examined the molecular aspects of mucinous
adenocarcinoma.

KRAS

Mutations in KRAS, which cause aberrant activation, are found in 10–30% of
endometrioid adenocarcinomas [48–50], but more than 80% of mucinous adeno-
carcinomas [31, 32]. More than 95% of pathogenic mutations localize to hotspots in
exon 2 (codons 12 and 13). A similar high prevalence of KRAS mutations occur in
endometrioid adenocarcinomas with prominent mucinous differentiation and com-
plex mucinous proliferation/complex mucinous metaplasia. It is significantly higher
in these than in endometrial adenocarcinomas without mucinous components or
atypical endometrial hyperplasia [27, 32, 50, 51]. This suggests that KRAS
mutational activation is important in the pathogenesis of mucinous endometrial
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adenocarcinoma. No significant differences in KRAS mutation between complex
mucinous proliferation/complex mucinous metaplasia and mucinous adenocarci-
noma suggests that somatic KRAS mutation might occur at an early stage in
mucinous carcinogenesis. However, KRAS mutation is not specific for mucinous
endometrial adenocarcinoma, as it is common in various human cancers, including
those in the pancreas (90%), colon (50%), thyroid (50%), and lung (30%) [52].

Recently, KRAS status has been used to compare pre-treatment and
post-treatment changes in a randomized phase II study of the antitumor efficacy of a
MEK inhibitor alone vs. a MEK inhibitor in combination with an AKT inhibitor, in
patients with recurrent or persistent endometrial cancer [53].

KRAS mutational status may also help refine the risk stratification of patients
with endometrial mucinous lesions. KRAS mutation in a biopsy has a positive
predictive value of 88% for complex atypical hyperplasia or adenocarcinoma in the
follow-up hysterectomy [32]. Simple mucinous metaplasia is not associated with
KRAS mutation [27, 31, 32], and the chance of finding endometrial adenocarci-
noma in a hysterectomy following a diagnosis of simple mucinous metaplasia on
biopsy is negligible [28, 29, 32]. KRAS mutation status also helps differentiate
endometrial mucinous adenocarcinoma from endocervical microglandular hyper-
plasia. Because endometrial and endocervical biopsy/curettage specimens often
contain only small amounts of tissue, a highly sensitive and specific test for KRAS
mutation is essential.

PTEN

PTEN is the most common genetic alteration in Type I endometrial cancer, being
inactivated in 83% of sporadic cases associated with a coexisting or prior prema-
lignant lesion [54]. PTEN mutation is one of the earliest known events in the
tumorigenesis of endometrioid endometrial adenocarcinoma, occurring in 20–27%
of endometrial hyperplasias and 55% of EIN [54]. No PTEN mutations have been
seen in either simple or complex mucinous metaplasia of the endometrium [27].

Genetic alterations found in other endometrial carcinomas, including PIK3CA,
PIK3R1, and PTEN, ARID1A, KRAS, FGFR2, ARID1A (BAF250a), CTNNB1
(beta-catenin), and microsatellite instability, have not been properly studied in
mucinous adenocarcinoma.
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Chapter 8
Molecular Pathology of Uterine
Carcinosarcoma

Susanna Leskelä, Belen Pérez-Mies, Juan Manuel Rosa-Rosa,
Eva Cristóbal, Michele Biscuola and José Palacios

Clinicopathologic Features of Uterine Carcinosarcoma

Uterine carcinosarcoma (UCS, also known as malignant mixed Müllerian tumor,
MMMT) is a rare aggressive neoplasm accounting for approximately 2% of all
malignancies of the uterine corpus [1]. It is by definition a high-grade tumor,
characterized by a biphasic growth of malignant epithelial and mesenchymal
components that are distinct at the histologic or ultrastructural level (Fig. 8.1) [1].
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The epithelial component of uterine carcinosarcoma can be endometrioid (most
common in most series) or non-endometrioid (serous, clear cell or mixed) [2–7].
The mesenchymal component can be minimal or extensive and can be subdivided
into homologous or heterologous, the latter including skeletal muscle, cartilage, fat,
or osteoid (in up to 60% of tumors) [2–8].

Uterine carcinosarcoma shares similar risk factors with endometrial carcinoma,
such as obesity, nulliparity, smoking, and exogenous estrogen use, but overall it is
detected at more advanced stages and has a significantly worse survival rate than
high-grade endometrial carcinomas [2, 6, 9–12].

Clonality is crucial in establishing the histogenesis of carcinosarcoma [10]. The
hypotheses proposed concerning the pathogenesis of this tumor include combina-
tion, conversion, and collision theories. The first proposes that a single stem cell
undergoes divergent differentiation early in tumor development, while the con-
version theory places divergence at a later stage during the evolution of the tumor
[13]. As stated by Abeln and colleagues, early divergence would result in high
somatic-genetic discordance of the carcinoma and sarcoma due to the stochastic

Fig. 8.1 Carcinosarcoma. a Hematoxylin & eosin staining showing the epithelial component
(black asterisk) surrounded by mesenchymal component (yellow asterisk). b Cytokeratin
AE1/AE3 immunohistochemical staining positive in the epithelial component, negative in the
mesenchymal component. c Ki67 and d P53 staining positive in both components

156 S. Leskelä et al.



nature of the evolutionary process, thus divergent transformation at a later stage of
tumor development is favored in the majority of the tumors (conversion theory)
[14]. In a minority of tumors, the two components are seen in juxtaposition and in
these cases, the collision theory may be favored [13].

Molecular studies support that the epithelial and mesenchymal components of
carcinosarcoma are related as they show similar genetic alterations. These include
identical patterns of chromosome X inactivation [10, 15], loss of heterozygosity in
identical alleles [14, 16], uniform pattern of chromosomal gains, losses or aberrations
[17], similar loss of expression of mismatch repair (MMR) proteins andmicrosatellite
instability (MSI-high) [6, 18–21], similar angiogenic activity by VEGF and
angiopoietins [22, 23], comparable cyclo-oxygenase-2 (COX-2), EGFR andHer2neu
overexpression [22, 24, 25], identical KRAS gene mutations [15, 26, 27], identical
TP53 gene mutations and p53 pattern of expression [3, 6, 14, 16, 28–30], and similar
alterations in the p16-retinoblastoma pathway [3, 31–33].

Thus, it is now generally accepted that most carcinosarcomas are carcinomas
with divergent differentiation, as their malignant behavior is most often driven by
the carcinomatous component, with lymphvascular invasion and distant metastases
mostly represented by the epithelial component [4, 5, 34, 35]. Although most
carcinosarcomas are carcinomas with divergent differentiation, with an admixture
of malignant epithelial and mesenchymal elements, a small percentage of these
tumors probably represent real collision tumors. This particular subset of MMMTs
is shown to be biclonal and most likely develops from two independent cell pop-
ulations [10, 15].

The sarcomatous component in monoclonal UCS is thought to be derived from
the carcinomatous component as a result of transdifferentiation
(epithelial-to-mesenchymal transition, EMT) during the evolution of the tumor [36,
37]. EMT involves the acquisition of a mesenchymal/stem cell-like phenotype by
the malignant epithelial cells, endowing these cells with migratory and invasive
properties, promoting cancer progression, preventing cell death and senescence, and
inducing resistance to chemotherapy [38].

UCS follows an aggressive clinical course and accounts for 16% of deaths
caused by uterine malignancy [6, 39]. Patients with International Federation of
Gynecology and Obstetrics (FIGO) stage I–II disease have a 5-year disease-free
survival of 59%, while those with stages 3 and 4 disease have a 5-year disease-free
survival of 22 and 9%, respectively [39]. The most important prognostic factors in
these tumors include FIGO stage and depth of myometrial invasion [4, 7, 9, 11, 12,
28]. Other known clinicopathologic features associated with worse outcome are
grade and histology of the epithelial component and lymphvascular invasion [4, 6,
9, 12], while grade and amount of the sarcomatous component and presence of
heterologous elements are not related to overall outcome in most studies [4, 8, 10,
28]. A recent study, however, reported an increased rate of recurrence and
decreased rate of survival in stage I carcinosarcoma with heterologous differenti-
ation [2].

8 Molecular Pathology of Uterine Carcinosarcoma 157



Genetic Alterations

p53 Pathway

The most common mutational event in UCS is TP53 mutation (Table 8.1).
Several studies have focused on TP53 in uterine carcinosarcoma, using p53
protein overexpression, as well as TP53 mutation analysis, to detect alterations
in this pathway [3, 6, 14, 15, 28–30, 33]. In these studies, around 60 and 50% of
uterine carcinosarcoma showed p53 protein overexpression and/or TP53 gene
mutation. Moreover, the degree of concordance between the carcinomatous and
sarcomatous components was 85% for protein overexpression and 96% for gene
mutation, providing strong evidence for monoclonal origin of both components
(Fig. 8.1).

Most recent studies using next-generation sequencing (NGS) techniques have
demonstrated that the frequency of TP53 mutation in UCS is in fact higher, between
64 and 90% [40–42]. According to data generated by the TCGA Research Network
(http://cancergenome.nih.gov/), the most frequent mutations are R248Q and
R273C/H (12 and 7%, respectively), while 32% of mutations are located on known
hotspot residues in the DNA binding domain (Fig. 8.2) [43].

Most of the tumors harboring missense TP53 mutations showed diffuse nuclear
p53 immunostaining (although there are exceptions). Complete loss of nuclear p53
expression is usually detected in cases with indel or nonsense mutations.

In most human tumors with TP53 mutation, p16 overexpression is a common
event. In accordance with this observation, it has been reported that about 60% of
UCS overexpress p16. Concordance of p16 overexpression between the carcino-
matous and sarcomatous components was 85% [3, 31–33, 44].

Table 8.1 Comparison of gene mutation frequency among different histologic types of
endometrial cancer

GENE Endometrioid adenocarcinoma (%) Serous carcinoma (%) Carcinosarcoma (%)

PTEN 79 2 19

PIK3CA 55 43 35

PIK3R1 39 4 10

CTNNB1 37 0 0

ARID1A 39 9 14

KRAS 26 2 12

CTCF 22 0 5

TP53 14 89 91

FBXW7 12 32 39

PPP2R1A 7 27 28

CHD4 14 13 17
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PI3K/AKT Pathway

InUCS,mutations involving genes that encode the kinase or regulatory proteins of the
PI3K/AKT pathway have been detected in up to 67%of cases [42], includingmultiple
PI3K/AKT pathway proteins mutated in the same tumor. PIK3CA mutations have
been found in 11 to 40% [27, 40, 41, 45, 46] of the tumors, which were scattered
throughout the different functional domains of PIK3CA (Fig. 8.3). In addition to both
traditional PIK3CA hotspot (exons 9 and 20) mutations, a lower proportion of UCS
carry mutations in exon 1, in the adaptor binding domain, helical domain, and C2
domain that can also enhance kinase enzymatic activity [42, 46]. PI3KCA mutations
have been found in the carcinoma and sarcoma components of the primary tumor, as
well as in the metastatic tumor. This indicates that these mutations occur relatively
early in the tumorigenesis of carcinosarcoma and likely represent important onco-
genic driver events that could be targeted with PIK3CA/mTOR inhibitors [41].

PTEN mutations occur in a subset of UCS. Although Jones et al. [40]
reported that 47% of 17 UCS cases in their series carried a PTEN mutation, this
figure is significantly higher than that observed in the McConechy et al. (17%)

Fig. 8.2 Schematic representation of TP53 mutations in endometrial carcinoma. a UCS (n = 57),
b ESC (n = 115), and c EEC (n = 409). Mutations are indicated as lollipop plots along the
domains of TP53. Green dots indicate missense mutations, red dots indicate frameshift mutations
and black dots truncating mutations. Green boxes represent the transactivation motif, red boxes the
DNA binding domain, and blue boxes the tetramerization motif. Most mutations have been
detected in the DNA binding domain. The mutation plot was constructed based on data from
TCGA using the cBioPortal visualization tool MutationMapper v1.0 [65, 66]
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and TCGA (19%) series. PTEN mutations in UCS frequently coexist with
PIK3CA mutations [41].

Other genes of the PI3K/AKT pathway that are mutated at lower frequencies in
UCS include PIK3R1 (10–17%), PIK3R2, AKT1, AKT2, and AKT3 (less than 5%
for each gene) [40, 42, 46].

Other Mutated Genes in UCS

UCS can carry mutations that are typically detected in endometrial serous carci-
noma (ESC). For example, mutations of FBXW7 and PPP2R1A have been reported
in 20 to 39% and 1 to 38% of cases, respectively [40, 42].

As to genes recurrently mutated in endometrioid endometrial cancer (EEC),
mutation in ARID1A occurs in 10 to 15% of UCS. This mutation is frequently
associated with loss of protein expression. CTNNB1 mutations are infrequent in
UCS [40, 45]. Regarding POLE mutations, Hembree et al. [47] identified a POLE
proofreading-domain mutation, V411L, in a UCS. After reviewing uterine carci-
nosarcoma data from TCGA, a single sample with a POLE mutation in the same

Fig. 8.3 Schematic representation of PIK3CA mutations in endometrial carcinoma. a UCS
(n = 57), b ESC (n = 115) and c EEC (n = 409). Mutations are indicated as lollipop plots along
the domains of PIK3CA. Green dots indicate missense mutations and red dots indicate frameshift
mutations. Green boxes represent the p68-binding domain, red boxes the ras-binding domain, blue
boxes the Phosphoinositide 3-kinase C2 motif, yellow boxes the accessory domain, and purple
boxes the Phosphatidylinositol 3- and 4-kinase domain. Mutations are found throughout the
different functional domains of PIK3CA. The mutation plot was constructed based on data from
TCGA using the cBioPortal visualization tool MutationMapper v1.0 [65, 66]
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region, P286R, was reported. Thus, although mutations in POLE are uncommon,
these findings suggest that they are present in a small proportion of UCS.

Mismatch Repair (MMR) Deficiency

The expression or the presence of mutations in MLH1, PMS2, MSH2, and MSH6
has been evaluated in a number of studies. The frequency of MMR deficiency
ranged between 3 and 23%. Lower frequencies were observed in series analyzing a
larger number of samples [41, 48], compared to studies with a smaller sample size
[21, 40]. In most tumors, MMR deficiency is probably due to MLH1 methylation
[48], although in some cases, it might be associated with Lynch syndrome [49].

Copy Number Variations

The amplification frequencies for relevant oncogenes are shown in Table 8.2. The
most frequently amplified oncogene in UCS is CCNE1. This amplification is
associated with poor prognosis and resistance to chemotherapy in various tumors,
such as ovarian high-grade serous carcinoma, according to data in TCGA Research
Network. Regarding C-MYC amplification, Schipf et al. analyzed a series of 30
paraffin-embedded carcinosarcomas of the ovary and of the uterus by FISH and
reported gene amplification in 78% of the cases. The amplification had a lower
frequency in the sarcomatous component compared to the carcinomatous compo-
nent [17].

In the few studies that analyzed HER2 amplification in UCS, the frequencies
ranged from 3 to 20% [50–52]. Given the significant fraction of UCS with ERBB2
amplification, it has been suggested that anti-HER2 therapies, such as trastuzumab
may represent a treatment option for a subset of patients. Results from recent
studies indicate that UCS cell lines and derived xenografts with HER2 amplification
are very responsive to T-DM1; hence, it has been suggested that T-DM1 may
represent a novel treatment option for the subset of carcinosarcoma patients who
harbor disease refractory to traditional salvage chemotherapy and/or are unre-
sponsive to trastuzumab [53].

Table 8.2 Comparison of gene amplification frequency among different histologic types of
endometrial cancer

Gene Endometrioid adenocarcinoma
(%)

Serous carcinoma
(%)

Carcinosarcoma
(%)

CCNE1 2 31 42

MYC 5 26 23

MECOM 6 38 21

PIK3CA 3 27 14

ERBB2 2 23 10
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Other oncogenes frequently amplified in UCS, but not reported in TCGA data
set, are ZNF217, EGFR, and URI. Schipf et al. reported amplification of ZNF217 in
87% of gynecologic CS, which was seen in both tumor components [17]. EGFR
protein overexpression has been reported in 45 to 82% of UCS, always at a higher
rate in the sarcomatous component, supporting biological differences with respect
to the carcinomatous component [22, 50, 54]. However, the only study analyzing a
large number of UCSs for EGFR amplification by FISH reported that only 19% of
tumors carried this molecular alteration [46].

Wang et al. reported URI1 (unconventional prefolding RPB5 interactor 1)
amplification in 40% of UCS [55]. UCS patients with URI1 amplification had 13%
tumor-free survival compared to 41% in the absence of URI amplification.
Importantly, the patients with URI1 amplification had poor response to adjuvant
treatment compared to a control group. Tumors with URI1 amplification displayed
decreased transcription of genes encoding tumor suppressor and apoptotic regula-
tors and increased expression of genes regulating oncogenesis, survival and
metastasis. Overexpression of URI1 in a cultured cell model induced ATM
expression and resistance to cisplatin [55].

mRNA and miRNA Expression Profiles

Few studies have analyzed mRNA and miRNA expression profiles in UCS. Gene
expression studies have shown changes in the expression of genes modulating
processes such as EMT (see below), muscle differentiation, cancer testis antigens
(CTAs), and immune response. In the study by Romero-Pérez et al., a large pro-
portion of the differentially expressed genes were involved in muscle differentia-
tion, probably due to the rhabdomyoblastic differentiation seen in most tumors
studied [56]. UCS is also characterized by the overexpression of many members of
the CTA family, including CTCF, also known as brother of the regulator of
imprinted sites (BORIS), an oncogene that deregulates the cancer epigenome.
CTCFL expression is thought to mediate the demethylation of other CTA genes,
resulting in activation via repression [57]. Given the immunogenicity and
tissue-restricted expression of CTA, it is reasonable to suggest that UCS patients
might benefit from immunotherapy based on CTA vaccines [56].

Carcinosarcomas have a unique microRNA (miRNA) signature that differs from
both endometrioid and serous carcinomas [58]. Certain miRNAs appear to be
consistently altered in carcinosarcoma compared to both EEC and ESC. For
instance, miR-518b is down-regulated in carcinosarcoma compared to both
endometrioid and serous tumors, while miR-20b, miR-301, and miR-487 are
up-regulated. It has been suggested that low expression of miR-20b inhibits tumor
cell growth but gives the tumor cell more resistance to apoptosis in hypoxia [59].
Additionally, Hovey et al. reported miR-888 overexpression in UCS and found that
the progesterone receptor is one of its direct targets [60].

We have analyzed the microRNA signatures associated with EMT in human
UCS and determined their relationships with EMT markers and repressors of
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E-cadherin transcription [36, 61]. The expression of E-, P- and N-cadherin,
cadherin-11, p120, vimentin, SPARC, fascin, and caveolin-1 was studied in a group
of 76 UCS by immunohistochemistry. In addition, real-time PCR was used to
measure differences in the expression of 384 miRNAs, E-cadherin, cadherin-11,
SPARC, SNAIL, ZEB1, ZEB2, TWIST-1, TCF4, TGFb1, and TGFb2 between the
epithelial and mesenchymal components of 23 ECSs. Loss of epithelial charac-
teristics, including cadherin switching (loss of E-cadherin and expression of
N-cadherin and/or cadherin 11) and the acquisition of a mesenchymal phenotype,
was accompanied by changes in the profile of miRNA expression and the
up-regulation of all the E-cadherin repressors analyzed. A greater than five-fold
difference in expression of 14 miRNAs between both neoplastic components was
seen. Members of the miR-200 family were down-regulated in the mesenchymal
part of the ECS. In addition, miR-23b and miR-29c, which are involved in the
inhibition of mesenchymal markers, and miR-203, which is involved in the inhi-
bition of cell stemness, were also down-regulated. Up-regulated miRNAs included
miR-155, miR-369-5p, miR-370, miR-450a, and miR-542-5p. These data suggest
that in human UCS the interplay between transcriptional repressors of E-cadherin
and miRNAs provides a link between EMT-activation and the maintenance of
stemness [56, 61].

Regulation of miRNA expression via methylation has been observed for
miR-200 and miR-205 loci in both cancer and normal tissue [62, 63]. We have
detected down-regulation of the miR-200 cluster and miR-205 during EMT both
in vitro (MDCK transfectants) and in vivo (ECS) models of EMT [61].

Molecular Types of UCS

Given the mutational profile previously described (Table 8.1), it is obvious that
most UCS show a serous-like, copy number high molecular type. In the study by
McConechy et al., part of the tumors showed endometrial serous carcinoma-like
mutation profiles (characterized by the presence of TP53 mutation with PPP2R1A
and/or FBXW7 mutations, and the absence of PTEN, CTNNB1, KRAS, or ARID1A
mutations), while other tumors displayed endometrioid adenocarcinoma-like
mutation profiles (characterized by the presence of PTEN, CTNNB1, KRAS,
and/or ARID1A mutations). Based on the combined genetic and immunohisto-
chemical profiles in that cohort, 18 tumors had serous-like and 11 tumors had
endometrioid-like molecular profiles. Good correlation was found between histo-
logic subtyping (based on the morphology of the epithelial component) and
molecular subtyping in 27 of 29 UCS (93%) [41].

Most of the UCS that had an endometrioid adenocarcinoma-like mutation profile
also had TP53 mutations, suggesting that TP53 can be involved in the progression
of some copy number low endometrioid adenocarcinomas to UCS, as has been
previously reported in undifferentiated endometrial carcinoma [64]. Finally, only a
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few UCS belong to the microsatellite-unstable hypermutated molecular type and the
POLE-mutated ultramutated molecular type. This molecular heterogeneity among
UCS may have treatment implications with emerging therapies.
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Chapter 9
Hereditary Endometrial Carcinoma

Anne M. Mills and Teri A. Longacre

Introduction

Advances in molecular testing have both increased recognition of heritable cancer
syndromes and provided tools for their clinical diagnosis. Familial cancer syn-
dromes that manifest in endometrial cancer include Lynch syndrome and Cowden
syndrome, with very rare contributions by Cowden-like syndromes. Germline
BRCA mutations have not yet been directly associated with increased endometrial
cancer risk, but do appear to predispose patients to endometrial carcinogenesis
indirectly through high rates of tamoxifen exposure.

An underlying cancer syndrome should always be considered in very young
endometrial cancer patients, particularly in the setting of aberrant tumor mor-
phologies or endometrioid adenocarcinoma without concomitant obesity or other
evidence of estrogen excess. A personal or family history of relevant malignancies
should also provoke concern. That said, some syndromic cancers manifest outside
of a clinicopathologically concerning context and may warrant universal tumor
screening. As the interpreter and caretaker of the tumor tissue, the pathologist is
positioned to synthesize clinical, morphologic, and molecular data and suggest a
work-up for an underlying germline mutation, and should therefore be
well-acquainted with the features of heritable cancer in the endometrium.
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Lynch Syndrome

Lynch syndrome is among the most common heritable cancer syndromes and
predisposes patients to malignancies at a variety of sites, most notably the endo-
metrium and lower gastrointestinal tract, and less commonly the ovaries, skin, renal
pelvis, stomach, and brain. Endometrial carcinomas occur in 60–80% of women
with Lynch syndrome and represent the sentinel malignancy in many of these
patients. Between 2 and 5% of all endometrial cancers are associated with Lynch
syndrome, and recognizing them as such allows for the identification and preven-
tion of subsequent malignancies through increased surveillance and intervention
programs [1–5].

Molecular Basis

Lynch syndrome is most often attributable to germline mutations in one of four
mismatch repair genes: MLH1, PMS2, MSH2, and MSH6. These four genes encode
proteins which dimerize into a MLH1–PMS2 complex and an MSH2–MSH6
complex. The two dimerized pairs form a four-protein complex that recognizes
DNA mismatches and recruits repair machinery for excision and replacement of
aberrant nucleotides. The prevalence and disease penetrance of endometrial cancer
varies according to the implicated gene. MSH2 and MSH6 mutations are more
commonly associated with endometrial carcinomas than are MLH1 and PMS2
mutations, a distribution that contrasts with Lynch syndrome-associated colorectal
carcinoma. MSH6 mutations impart a particularly high risk of endometrial cancer
development, with up to 71% of patients developing disease by age 70. Lifetime
risk is considerably lower for PMS2 mutations at 12% by age 70, and ranges from
21 to 54% for MLH1 and MSH2 mutations [6].

In rare instances, the heritable defect lies not in one of these four mismatch repair
genes, but in the related gene EPCAM. Mutations in the 3′ end of the EPCAM gene
lead to hypermethylation of the MSH2 promotor region, disabling MSH2 and
leading to dual loss of MSH2 and MSH6 [7–9]. Still more uncommon are recently
described heritable mutations in MLH1 promoter mechanisms. In such patients the
MLH1 gene is intact however MLH1 protein production is inhibited by hyperme-
thlyation [10].

It is critical to emphasize that the vast majority of hypermethylated endometrial
cancers are sporadic and are not associated with the exceedingly rare inheritance
pattern described above. In fact, epigenetic methylation of the MLH1 promoter
region is by far the most common cause of deficient mismatch repair in the uterus,
underlying approximately 25% of endometrial carcinomas [11, 12].
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Clinical Features

Lynch syndrome-related endometrial carcinomas, on average, develop a decade
earlier in life when compared to sporadic endometrial malignancies [13–17].
However, these tumors are not exclusive to younger women, and a significant
proportion occur in women over 50 years of age [18, 19]. Although prior and
simultaneous malignancies may flag a subset of endometrial carcinomas that arise
in women with Lynch syndrome, the endometrium is often the initial site of disease
in these patients, and only a minority of Lynch patients identified on universal
screening will have a history of colorectal or other cancers [18–22].

Pathologic Features

The anatomic localization of Lynch syndrome-related endometrial cancers varies.
Although some studies have shown a predilection for the lower uterine segment
when compared to their mismatch repair-competent counterparts, these tumors are
by no means restricted to a lower uterine locale, and many arise in the fundus and
surrounding uterine walls [19, 20, 23–25].

Reproducible histomorphologic features have been noted in a subset of Lynch
syndrome-associated endometrial cancers. Perhaps most striking are the dediffer-
entiated and undifferentiated carcinomas; the former is characterized by areas of
well-formed glands immediately juxtaposed with confluent sheets of markedly
atypical tumor, while the latter contains no glandular structures (Figs. 9.1 and 9.2)
[23, 26–30]. Such abrupt deviations in morphology make ontological sense given
that tumors with incompetent DNA repair mechanisms are expected to acquire
mutations rapidly. It is important to emphasize these morphologies that have been
described in Lynch syndrome-related endometrial malignancies have also been
recorded in both sporadically methylated and in “Lynch-like” endometrial carci-
nomas (e.g., cancers with mismatch repair protein patterns suggestive of Lynch
syndrome, but without demonstrable mutations on germline sequencing) [31]. This
suggests that these features are not an intrinsic feature of germline mutations
themselves, but rather a marker of mismatch repair dysfunction at the protein level,
irrespective of whether it is acquired through somatic or heritable mechanisms.

Not all Lynch syndrome-associated endometrial tumors exhibit remarkable
morphologies. In fact the majority display a conventional, well to moderately dif-
ferentiated endometrioid phenotype without notable demarcations in differentiation
or distinct intratumoral morphologies [18–20, 22]. Pure serous, clear cell, and
carcinosarcoma phenotypes are not typical of endometrial cancers arising in the
setting of Lynch syndrome, but may occasionally occur.

As in the colorectum, Lynch syndrome-related endometrial cancers have been
associated with increased tumor-infiltrating and peritumoral lymphocytes in some
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Fig. 9.1 Undifferentiated endometrial adenocarcinoma is uncommon, but often associated with
microsatellite instability due to epigenetic methylation and less commonly, to germline mutation in
MLH1

Fig. 9.2 Undifferentiated endometrial adenocarcinoma (depicted in Fig. 9.1) exhibits intact
expression of mismatch repair proteins aMHS2 and c MSH6, with loss of expression of mismatch
repair proteins b MLH1 and d PMS2. In this tumor, loss of mismatch repair proteins is secondary
to epigenetic methylation of the MLH1 promotor
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cases [19, 23, 26, 29, 32]. Although thresholds vary across the literature, most data
suggest >40–42 intratumoral lymphocytes per 10 high-power fields [19, 23].

Screening and Confirmatory Testing

Because Lynch syndrome-associated endometrial carcinomas can serve as a har-
binger of carcinogenesis at other sites, screening and confirmatory testing programs
are of utmost clinical importance. Screening algorithms rely on mismatch repair
immunohistochemistry, MLH1 promoter hypermethylation analysis, and
microsatellite instability (MSI) testing in a variety of combinations. Diagnostic
confirmation can be achieved through germline sequencing, with selective enlist-
ment of somatic tumor sequencing in cases without identified germline mutations.

Mismatch Repair Protein Immunohistochemistry

Immunohistochemistry for the mismatch repair proteins MLH1, PMS2, MSH2, and
MSH6 is the preferred initial screen for Lynch syndrome. This methodology has
multiple benefits: firstly, immunohistochemistry is relatively inexpensive, techni-
cally simple, and readily accessible for most practicing pathologists [33, 34].
Sensitivity for the presence of MSI exceeds 90% [35]. Furthermore, the immuno-
histochemical loss pattern provides information as to the underlying mismatch
repair defect: because MSH6 has an obligate reliance on MSH2 for expression (but
the reverse does not hold), dual nuclear loss of MSH2 and MSH6 suggests an
MSH2 mutation. Notably, this pattern can also be seen with 3′ EPCAM mutations
due to the hypermethylation of the MSH2 promoter region (Fig. 9.3). On the other
hand, isolated MSH6 loss indicates a possible MSH6 mutation.

A similar pattern is observed with the MLH1/PMS2 pairing: because PMS2 is
not expressed in the absence of MLH1 (MLH1 can be expressed in absence of
PMS2), simultaneous loss of tumor nuclear expression of MLH1 and PMS2 signals
a deficiency in the MLH1 protein. Importantly, this can be due to either epigenetic
MLH1 methylation (Fig. 9.2) or, much less commonly, MLH1 germline mutations
(Fig. 9.4). Isolated loss of PMS2 suggests a germline PMS2 mutation.

A variety of algorithms have been proposed for the screening of endometrial
carcinomas for Lynch syndrome. It is well-established that limiting screening to
patients with age and history-based clinical risk as defined by the Amsterdam and
Bethesda criteria misses affected patients [19, 22, 25, 31, 36]. Although screening
methodologies for endometrial cancers remain a subject of debate, most experts in
the field advocate some form of universal testing as is currently recommended for
colorectal cancer (Fig. 9.5) [18, 19, 22, 25, 37].

Screening approaches also differ with respect to the antibodies enlisted.
Although many centers screen using a 4-antibody panel including MLH1, PMS2,
MSH2, and MSH6, mismatch repair protein dimerization patterns allow for an
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alternative 2-antibody approach that enlists PMS2 and MSH6 as an initial screen.
Current data suggests that the 2 and 4-antibody approaches show comparable
efficacy in the detection of mismatch repair deficits [38, 39]. Given the relative
rarity of MLH1 and PMS2 mutations in Lynch syndrome-related endometrial car-
cinomas, MSH6-only screening has also been proposed, although some evidence

Fig. 9.3 Endometrial carcinomas may exhibit loss of MSH2 and MSH6 mismatch repair proteins
due to germline mutation in a, c, e MSH2 or in b, d, f EPCAM. In both cases c, d MSH2 protein is
not expressed, but in cases with mutations in EPCAM, expression for f EPCAM is also lost, while
it is retained in tumors with e MSH2 mutations
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suggests that such focused panels will miss occasional Lynch syndrome patients
[19, 25].

Mismatch repair immunohistochemistry interpretation is relatively straightfor-
ward, but is not without caveats. Intact expression is defined as the presence of any
nuclear staining within the tumor, but sometimes staining is patchy and may be
faint, particularly for the MSH6 antibody. MSH6 staining is prone to patchy,
irregular staining and may pose problems on small biopsy samples. External pos-
itive and negative controls are desirable, but absence (or deficiency) of mismatch
repair protein in a tumor can only be diagnosed in the presence of internal positive
control staining with the antibody under evaluation. Care must be taken to
specifically evaluate tumor cell nuclei as some mismatch repair deficient tumors
may contain numerous intraepithelial lymphocytes that may lead to an erroneous
diagnosis of intact expression. Cases that continue to present diagnostic difficulty
on careful review should be classified as equivocal and subjected to second-line
testing (such as MSI testing or, if clinical suspicion for heritable cancer is high,
directed germline testing).

Occasionally, aberrant mismatch repair protein expression patterns may be
observed. Loss of all 4 mismatch repair proteins may occur in tumors with

Fig. 9.4 a, b Clear cell carcinoma of the endometrium with loss of c MLH1 and d PMS2 proteins
secondary to germline mutation in MLH1
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underlying germline MSH2 mutations and concomitant MLH1 epigenetic methy-
lation (Fig. 9.6) [40]. Also, some tumors with underlying MLH1 germline muta-
tions may contain a nonfunctional protein that continues to be expressed on
immunohistochemistry [41]. This latter aberrant expression pattern appears to be
more common in colorectal cancer, in which MLH1 germline mutations are more
common. Zonal loss of MLH1 and PMS2 may also be encountered [42]. This is
easily recognized in the hysterectomy specimen, but may not be apparent in an
endometrial sampling. It has been suggested this may reflect increased tumor
aggressiveness, but that has not been our experience. Apparent isolated loss of
PMS2 protein expression may be associated with MLH1 hypermethylation with
heterogeneous MLH1 protein expression [43].

Microsatellite Instability Analysis

Mismatch repair defects lead to frequent replicative errors in short repetitive
genomic regions known as microsatellites. The finding of MSI therefore serves as
an indirect proxy for the presence of dysfunctional mismatch repair. PCR-based
MSI testing measures repeat lengths of dinucleotide and mononucleotide markers

IHC testing for loss of MMR protein 
expression for all endometrial carcinomas

MMR intact by IHC but 
clinical suspicion of LS

Order LS microsatellite 
instability by PCR

Loss of MMR by IHC

Loss of
MLH1 & PMS2

Loss of
MSH2 & MSH6

Loss of 
MSH6

Loss of  
PMS2

Test for MLH1
promoter methylation

Methylation  
present

Methylation  
absent

Instability at 
≥ 2/5 of 

microsatellite 
markers

Consider germline testing of 
LS mismatch repair genes

Likely sporadic 
endometrial carcinoma*

Genetic mutation testing for LS: 
recommend LS MLH1 sequencing 
and deletion/duplication as first test

Indeterminate LowHigh

Instability 1 
microsatellite 

marker

No instability 
present Genetic mutation 

testing for LS: 
recommend LS MSH2

sequencing and 
deletion/duplication 

as first test**

Genetic mutation 
testing for LS: 

recommend LS PMS2
sequencing and 

deletion/duplication 
as first test

Genetic mutation 
testing for LS: 

recommend LS MSH6
sequencing and 

deletion/duplication 
as first test

 *If strong clinical suspicion for LS, consider MLH1 promoter methylation analysis of non-neoplastic
   tissue/peripheral blood to evaluate for germline epigenetic MLH1 promoter methylation. 
**If MSH2 and MSH6 unmutated, consider LS EPCAM, sequencing and deletion/duplication.

Fig. 9.5 Algorithm for evaluating endometrial cancer for possible Lynch syndrome. A more cost
effective approach utilizing only 2 mismatch repair antibodies (MSH6 and PMS2) will capture
most cases
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(most commonly BAT25, BAT26, NR21, NR24, and NR27) and compares normal
and tumoral tissue. Instability at two or more of these loci is classified as MSI-high,
instability at a single locus is MSI-low, and an absence of instability is considered
MS-stable [44].

Although not favored as a preliminary screen due to its inaccessibility at many
centers, high cost, and inability to direct germline sequencing efforts, MSI testing
can play an important role in the Lynch syndrome work-up in several situations.
First, MSI testing can be enlisted in cases with equivocal immunohistochemistry
results. Second, MSI has utility in resolving the differential for Lynch-like cancers
as high level MSI supports the presence of a true mismatch repair defect (and
argues against false immunohistochemistry results). Finally, MSI testing can be
enlisted in patients with a negative MMR immunohistochemistry screen, but a
strong clinical suspicion for a hereditary syndrome. Although MMR immunohis-
tochemistry is more sensitive than MSI testing (particularly for MSH6 and PMS2
mutations, where MSI may fail to detect more than a quarter of cases), it has been
reported that up to 10% of endometrial cancers with underlying MMR mutations
and MSI may be missed by immunohistochemical screening [35].

Fig. 9.6 Endometrial carcinoma with loss of all 4 mismatch repair proteins: a MLH1; b MSH2;
c MSH6; and d PMS2. In many cases this is due to mutation in MSH2 with epigenetic methylation
of MLH1
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MLH1 Promoter Methylation Analysis

Because immunohistochemical loss of MLH1 and PMS2 is most often attributable
to sporadic methylation, PCR-based hypermethylation testing represents an
important next step for endometrial cancers demonstrating this pattern, in order to
prevent the perpetuation of unwarranted concern and further work-up for Lynch
syndrome. In the colon and rectum BRAF testing is a reliable surrogate for the
presence of MLH1 hypermethylation; however, this is not the case in the uterus [11,
12, 19, 45]. MLH1 hypermethylation demonstrates a heritable pattern in an
exceedingly small minority of patients, therefore demonstration of hypermethyla-
tion effectively excludes Lynch syndrome in the absence of compelling
clinical/family pedigree evidence of a familial syndrome [10].

DNA Mismatch Repair Gene Mutation Analysis

When mismatch repair protein loss and methylation data suggest a heritable syn-
drome, confirmatory germline sequencing is required for a diagnosis of Lynch
syndrome. Because the mutations that underlie Lynch syndrome vary considerably,
this requires whole genome sequencing of the suspected gene.

There is some variability in commercially available germline testing protocols
and capabilities. Not all platforms have included EPCAM sequencing, although that
is now performed with increasing frequency when relevant (e.g., loss of MSH2/6
without detection of mutations in either gene). Many assays are also unable to
detect cryptic MSH2 gene inversions, which can account for a falsely “normal”
germline result in patients with loss of MLH1/PMS2 and no evidence of MLH1
promoter hypermethylation [46, 47].

Somatic Gene Mutational Analysis

Historically, loss of mismatch repair protein expression (and the absence of MLH1
hypermethylation for those showing MLH1/PMS2 dual loss) was considered tan-
tamount to a Lynch syndrome diagnosis. We now know that a considerable portion
(up to 50%) of such immunohistochemically deficient cases will fail to show
mutations on directed sequencing [48–50]. The possible underlying etiologies of
these “Lynch like” tumors include: (1) somatic alterations (including loss of
heterozygosity and biallelic somatic mutations); (2) inaccurate immunohisto-
chemistries; and (3) undetected germline mutations. In discordant cases that prove
MSI-high on MSI testing, direct tumor testing can be performed to ascertain
whether somatic mutations and/or loss of heterozygosity account for the observed
mismatch repair dysfunction. Demonstration of a tumor-specific mutation that is not
observed on adequate germline sequencing effectively eliminates a germline cancer
predisposition syndrome.
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Cowden Syndrome

This autosomal dominant syndrome is extremely rare (affecting approximately 1 in
200,000) and accounts for a far smaller proportion of endometrial carcinomas than
does Lynch syndrome [51–54]. Patients with Cowden syndrome are characterized
by macrocephaly and a predilection for the development of multiple hamartomas
involving the gastrointestinal tract (Fig. 9.7) and skin (facial trichilemmomas, acral
keratoses, mucosal/cutaneous papillomatoses) [55]. In addition to endometrial car-
cinomas, Cowden syndrome patients are vulnerable to breast, thyroid, ovary, uterine
cervix, colon, urinary bladder and renal malignancies [52, 53, 56, 57]. As with
Lynch syndrome, endometrial cancers that arise in patients with Cowden syndrome
present, on average, a decade prior to their mutation-negative counterparts.

Pathologic Features

Endometrial carcinomas associated with Cowden syndrome are classically of the
endometrioid subtype (Fig. 9.8) [58–60]. However, recent evidence suggests that
uterine serous carcinomas, clear cell carcinomas, mucinous carcinomas, and car-
cinosarcomas are also diagnosed in these patients [61].

Molecular Basis

Germline mutations in the phosphatase and tensin homolog (PTEN) gene, a tumor
suppressor, located on 10q23.3 underlie Cowden syndrome. However, the identi-
fication of a PTEN mutation has virtually no specificity for Cowden syndrome

Fig. 9.7 Colon polyps in Cowden syndrome are typically small and sessile. a They exhibit an
expanded and fibrotic lamina propria with b mild gland distortion and lymphoid follicles with
some degree of smooth muscle proliferation and chronic inflammation. Ganglion cells, nerve
fibers, and adipocytes within the lamina propria may also be seen
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because between 77 and 94% of all endometrial cancers display this mutation [62].
This is true across the molecularly identified endometrial subtypes with the
exception of high copy number (serous) tumors: the other three types [polymerase
(ultramutated), microsatellite-unstable (hypermutated), and low copy number (en-
dometrioid)] all show PTEN mutations in the majority of cases [62]. Futhermore,
PTEN mutations can be found in a variety of hyperplastic and non-neoplastic
endometria including normally cycling glands [63].

Confirmatory Testing

Combined with the extremely low prevalence of Cowden syndrome, the frequency of
PTEN mutations in sporadic endometrial carcinomas and in non-neoplastic
endometria obviates any utility of PTEN immunohistochemistry in Cowden syn-
drome screening and severely limits the utility of somatic tumor testing. Clinical
screening criteria therefore play an important role in directing patients toward
germline testing, with the recently released PTEN Cleveland Clinic risk assessment
tool showing promise as a triage device [57]. Ultimate confirmation of a Cowden
syndrome diagnosis relies on the identification of a germline mutation by sequencing.

Related Syndromes

Cowden-like syndromes have been identified in patients with mutations in succi-
nate dehydrogenase genes (SDH-B, SDH-C, and SDHB-D) as well as killen (KLLN)
genes [61, 64, 65]. In addition to endometrial carcinomas, patients with SDHB-
D mutations are prone to paragangliomas, pheochromocytomas, thyroid carcino-
mas, renal carcinomas, gastrointestinal stromal tumors, and perhaps breast cancers

Fig. 9.8 a, b High grade endometrioid endometrial adenocarcinoma in patient with Cowden
syndrome. Despite the high grade appearance, this tumor does not harbor a p53 mutation
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[65]. Germline promoter methylation of KLLN, which shares a transcriptional start
site with PTEN, has been described in patients with a clinical impression of
Cowden syndrome but no identifiable PTEN mutations [64]. Testing for SDHB-
D and KLLN mutations may therefore be indicated in patients with a clinical
scenario highly suspicious for Cowden syndrome whose germline testing fails to
identify alterations in PTEN.

Familial Breast Ovarian Cancer Syndromes (BRCA
Mutations)

Germline mutations in the BRCA1 and BRCA2 genes are notoriously linked to
increased risk of ovarian and breast carcinoma. There is ongoing debate, however,
as to whether or not inherited BRCA mutations also increase the risk of endometrial
carcinoma. Initial work has suggested that BRCA mutations carriers are at no
increased risk for endometrial carcinoma, while several subsequent studies have
shown that risk is increased, but appears to be commensurate with and attributable
to tamoxifen exposure [66–68]. However, recent data suggest that although the
overall risk for uterine cancer after risk reducing salpingo-oophorectomy is not
increased, the risk for serous or serous-like endometrial carcinoma is increased in
women with germline BRCA1 mutations [69]. When evaluating individual patients,
it is important to keep in mind that increased somatic tumor testing is likely to
identify a growing number of somatic BRCA mutations within endometrial carci-
nomas, and such results should not be interpreted as indicative of an inherited
BRCA mutation in the absence of confirmatory germline testing.

Polymerase Proofreading-(POLD1) Associated Syndrome

Women with germline mutations in POLD1 exonuclease are at risk for endometrial
carcinoma (57.1% of female carriers), in addition to attenuated colorectal polyposis
(>60% POLD1 mutation carriers have � 2 adenomas; on average, 16 adenomas),
colorectal carcinoma (60–64% of carriers), and brain tumors (5.8%). Although the
incidence is still under investigation, POLD1 exonuclease mutations appear to
account for 1% of MMR-proficient familial and/or early-onset nonpolyposis col-
orectal carcinomas [70].

Li-Fraumeni Syndrome

Li-Fraumeni syndrome (LFS) is a cancer predisposition syndrome associated with
the development of soft tissue sarcoma, osteosarcoma, pre-menopausal breast
cancer, brain tumors, adrenocortical carcinoma, and leukemias [70]. A variety of
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other neoplasms may occur, including ovarian and endometrial cancer. Affected
patients harbor a germline mutation in TP53. Intensive surveillance programs for
the core cancers associated with the syndrome are instituted at an early age; affected
patients should avoid exposure to radiation therapy, whenever possible, to reduce
the risk of secondary radiation-induced malignancies [1, 7].
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Chapter 10
Targeted Therapy and Prevention
of Endometrial Cancer

Takaya Shiozaki and Shannon N. Westin

Introduction

Endometrial (uterine) cancer is a molecularly aberrant disease with over 80%
demonstrating a molecular alteration. Primarily, these are in the
phosphatidylinositol-3 kinase/protein kinase B (PI3K/AKT) signaling pathway.
Given the number of abnormalities present, endometrial cancer has great potential
to derive benefit from targeted therapy. However, there are significant unmet needs
to maximize the development of targeted therapy in endometrial cancer, including
prioritization of agents and pathways and identification and validation of candidate
biomarkers to determine mechanisms of response and resistance. Further, as a
tumor with a clear precursor lesion and a genetic cause, prevention of endometrial
cancer has been explored, although success has been modest. This chapter will
review pathways of interest and targeted therapy development in endometrial
cancer as well as the current state of endometrial cancer prevention.

Introduction to Targeted Therapy for Endometrial Cancer

In contrary to the reduction observed in many other cancer types, the incidence of
endometrial cancer has been increasing over the last five years, and mortality has
been rising an average of 1.0% each year [178]. The majority of patients with
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endometrial cancer are diagnosed at an early stage and are cured of disease by
surgery, with or without adjuvant radiotherapy. However, there is a growing
population of patients with advanced stage or recurrent endometrial cancer for
whom treatment options are limited. Approximately 25% of early stage and more
than 50% of advanced stage cancers recur [5]. Further, median survival for patients
with advanced or recurrent disease is only 12–38 months and the 5-year survival for
patients who have recurred is less than 15% [124, 138]. Currently, only hormonal
therapy is FDA-approved for the treatment of metastatic/recurrent endometrial
cancer. There is a great need for the development of novel approaches for treatment.

Over 80% of endometrial cancers have at least one aberration identified on
molecular testing, including mutation, loss of protein expression, amplification, or
copy number alteration [85, 104]. Efforts such as the Cancer Genome Atlas
(TCGA) have shed light on the molecular landscape of endometrial tumors and
helped to direct clinical research in this arena. However, similar to observations in
other solid tumors, as clinical results have been reported, it has become clear that
the efficacy of a given targeted agent is dependent upon several factors that must be
considered besides the presence of a molecular abnormality.

As described in the next section, the molecular aberrations present in endome-
trial cancer vary based upon the histologic type. Indeed, it appears that the histology
and tissue of origin may impact the sensitivity of the tumor to a given targeted agent
[96, 109]. Additionally, not all mutations are created equal in regard to impact on
treatment response and resistance, and it is not always clear which mutations are
“drivers” that may impact clinical outcomes, and which are “passengers” that have
an unclear clinical impact. Moreover, the presence of concurrent mutations may
significantly change tumor sensitivity to targeted agents. For example, KRAS
mutation is associated with non-response to targeted agents in several solid tumors
[115]. The context in which mutations occur also matters (i.e., metabolic context,
obesity, and hormonal milieu) and must be considered in the identification and
validation of potential biomarkers [205]. Finally, there is tumor heterogeneity,
either within a tumor or between the primary and metastasis. This can result in
discordance in the mutations observed, and the impact of this discordance on
response to therapy is unknown. These myriad issues must be clarified in the
development of targeted therapies and in the validation of biomarkers to predict
response and resistance to those therapies.

Molecular Landscape of Endometrial Cancer

Endometrioid adenocarcinoma is the most common histologic type of endometrial
cancer (80%), compared to non-endometrioid carcinomas (20%), including serous
and clear cell carcinomas, as well as carcinosarcoma [5]. Table 10.1 summarizes
the known molecular changes in the histologic types of endometrial carcinoma.
Briefly, endometrioid tumors are characterized by the loss of PTEN protein
expression and mutations in key members of the PI3K/AKT pathway, such as
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PTEN, PIK3CA, PIK3R1, ARID1A and AKT. KRAS, beta-catenin, and FGRF-2
mutations are also relatively common. Conversely, non-endometrioid tumors have a
higher frequency of mutations in p53, HER2/neu, p16, and E-cadherin, and a lower
frequency of PI3K pathway mutations [85, 204]. An exception to this is clear cell
carcinoma, which has a moderate frequency of PI3K abnormalities. Homologous
recombination (HR) defects are also common in endometrial cancer, with nearly
50% harboring an abnormality in this pathway [22, 85, 104, 174].

As our understanding of endometrial cancer grows, so does the identification of
potential pathways for therapeutic targeting. Among a myriad of molecular path-
ways, the PI3K/AKT pathway, which plays a central role in cell survival [67], and
the Ras/Raf pathway, which plays a central role in cell proliferation [126], are
arguably the most important for carcinogenesis in endometrial cancer. Figure 10.1
is a simplified schematic of the pathways in endometrial cancer and is meant to
emphasize the extensive cross talk and interaction between the PI3K/AKT pathway
and the other pathways of importance, including the Ras/Raf pathway, AMP pro-
tein kinase (AMPK) pathway, and hormones. Understanding these interactions is
essential for anticipating and targeting resistance mechanisms and maximizing
clinical activity.

Table 10.1 Molecular aberrations of interest across the histology types of endometrial cancer

Alteration Endometrioid (%) Non-endometrioid (%)

PI3K/AKT/mTOR pathway
PTEN protein loss 75–80 5–43

PTEN mutation 30–40 0–11

PIK3CA mutation 30–40 20–38

PIK3R1 mutation 21–43 12–17

ARID1A mutation 34 0

AKT mutation 2–3 0

RAF/MEK/ERK pathway
KRAS mutation 10–30 0–10

BRAF mutation 23 11

RTKs
IGFIR overexpression 78 Rare

FGFR2 mutation 12–16 1

EGFR overexpression 46 34

EGFR mutation Unknown 0

HER-2 overexpression 3–10 32

HER-2 amplification 1 17

Others
beta-catenin mutation 15–50 0

p53 mutation 7–50 (dependent on grade) 54–90

BRCA1/2 mutation 13 0

Microsatellite instability 15–25 0–5
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Pathways of Interest in Endometrial Cancer

PI3K/AKT Pathway

The PI3K/AKT pathway is well-known to play a central role in growth, cell sur-
vival, and avoidance of apoptosis in many different cancer types [67]. Stimulation
of this pathway occurs through receptor tyrosine kinases (RTKs), including epi-
dermal growth factor receptor (EGFR), insulin-like growth factor I receptor
(IGFIR), and fibroblast growth factor receptor 2 (FGFR2). Activated PI3K phos-
phorylates phosphatidylinositol 4,5-bisphosphate (PIP2) and converts it to phos-
phatidylinositol (3,4,5)-triphosphate (PIP3). PIP3 subsequently causes AKT
phosphorylation. Phosphatase and tensin homolog deleted from chromosome 10
(PTEN) is a major negative regulator of the pathway and inhibits AKT activation
through de-phosphorylation of PIP3 to PIP2 [189]. Activation of AKT leads to
cellular proliferation and survival through various downstream targets, including
mammalian target of rapamycin (mTOR). mTOR is composed of two complexes,
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Fig. 10.1 Druggable signaling pathways in endometrial cancer. Arrows indicate activation while
blunt-headed arrows indicate inhibition. Abbreviations: RTKs receptor tyrosine kineses; GRB2
growth factor receptor-bound protein 2; RAS rat sarcoma gene; RAF V-raf-1 murine leukemia viral
oncogene homolog 1; MEK mitogen-activated protein kinase kinase; ERK mitogen-activated
protein kinase; MAPK mitogen-activated protein kinase; SRC V-src sarcoma (Schmidt-Ruppin
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mTORC1 and mTORC2, each with its own unique downstream effectors [200].
This pathway has negative feedback loops that must be considered when imple-
menting targeted therapy. For example, mTORC1 up-regulation through AKT leads
to subsequent activation of the protein S6 kinase (pS6K) that regulates protein
translation, cell survival, and cell cycle progression from the G1 to S-phase. pS6K
also has a negative feedback loop to suppress activation of AKT, MEK, and
mTORC2 [145] (Fig. 10.1).

Given the frequency of abnormalities in the PI3K/AKT pathway, its members
arguably represent the most promising targets for endometrial cancer. As noted in
Table 10.1, up to 80% of endometrioid adenocarcinomas have an aberration in the
PI3K/AKT pathway. Furthermore, alterations in the RTKs that activate the
PI3K/AKT pathway are frequent in endometrial cancer including
amplification/overexpression of HER2 [130, 182], mutation of FGFR2 [39, 151],
overexpression of EGFR [88, 106], and overexpression of IGFIR [117]. Mutations
in PI3KCA (30–40%) and PTEN (30–50%), as well as loss of PTEN protein
expression (30–80%), are the most common causes of constitutive activation of this
pathway in endometrial cancer [64, 93, 132, 139, 163]. Although AKT mutations
are reported in only 2% of endometrioid adenocarcinoma, activating AKT1
mutations lead to constitutive activation of PI3K pathway signaling and may play a
role in the pathogenesis of endometrial cancer [40, 177]. PTEN is also involved in
maintaining genomic stability, and PTEN mutations may lead to defects in HR
(responsible for repairing double-stranded DNA breaks) [119]. To date, several
different PI3K/AKT pathway nodes have been targeted in endometrial cancer
(Table 10.2). The drugs have included AKT inhibitors, mTORC1 inhibitors,
mTORC1/2 inhibitors, pan-PI3K inhibitors, isoform-specific PI3K inhibitors, and
dual PI3K/mTOR inhibitors. Other agents, such as metformin (discussed later), may
also work via mTOR inhibition through the activation of AMPK.

AKT inhibition. AKT, a serine/threonine protein kinase with three isoforms,
AKT1, AKT2, and AKT3, is a key node along the PI3K/AKT pathway. Activation
of AKT leads to cellular proliferation and survival through various downstream
targets, including mTOR. In vitro and in vivo studies of AKT inhibitors have
demonstrated activity against endometrial cancer [42]. There are numerous small
molecule inhibitors of AKT currently in development for endometrial cancer and
solid tumors. Uprosertib (GSK2141795) is a novel member of the N-alkyl pyrazole
class of orally available kinase inhibitors and has been shown to be a potent, ATP
competitive, and pan-AKT inhibitor [61]. Common toxicities of uprosertib are
gastrointestinal-related (diarrhea, nausea, and vomiting) and fatigue. MK-2206 is an
allosteric AKT inhibitor that has shown anti-tumor activity in preclinical investi-
gations [72]. A subsequent phase II trial that was stratified by PI3KCA mutation
revealed only modest response, regardless of mutation status [133]. Several patients
with uterine serous cancer had clinical benefit; however, a subsequent evaluation of
MK-2206 in this population did not achieve meaningful clinical activity [94].
AZD5363 is a selective AKT kinase inhibitor that has been evaluated in a phase I
trial of gynecologic malignancies with AKT mutations. Although the trial is

10 Targeted Therapy and Prevention of Endometrial Cancer 191



ongoing, preliminary results suggest promising activity with a tolerable safety
profile [76].

mTOR inhibition. The protein kinase mTOR is a downstream effector of the
PI3K/AKT pathway and holds a central position in cell growth regulation. Other than
PI3K/AKT signaling, multiple cues modulate mTOR activity, including growth fac-
tors, stress, energy status, and amino acids [200]. As noted above, mTOR is composed
of two complexes, mTORC1 andmTORC2, eachwith different downstream effectors,
making inhibition of the PI3K/AKT pathway through mTOR inhibition challenging.
For example, inhibition of mTORC1 can activate AKT by preventing a negative
feedback loop mediated by the mTORC1-S6K1-induced phosphorylation of insulin
receptor substrate 1 (IRS1) and growth factor receptor-bound protein 10 (GRB10)
[145, 176]. Furthermore, mTORC1 inhibition results in the loss of inactivation of
mTORC2, which leads to AKT activation (Fig. 10.1).

Table 10.2 Clinical trials of agents targeting the PI3K/AKT pathway

Target Inhibitor n CR
(%)

PR
(%)

SD
(%)

6-month
PFS (%)

Median
PFS
(months)

PI3K Buparlisib (BKM-120) 24 0 0 (2 month) 4.5

High-grade strata 10 0 0 70 3.8

Low-grade strata 14 0 0 57 8.3

Pilaralisib (XL147) 67 3 3 37 11.9 –

Dual
PI3K/mTOR

GDC-0980 56 0 9 – 20 3.5

Gedatolisib (PKI-587) 40

Stathmin low 0 16 37

Stathmin high 0 16 11 – –

AKT MK2206

PI3KCA wt 27 0 3.7 11

PI3KCA mut 9 0 11 – 11 –

MK2206 (serous only) 14 0 0 2 7 –

mTORC1 Everolimus 28 0 0 43 – 4.5

Everolimus 44 0 9 27 – 2.8

Ridaforolimus 45 0 11 18 18 –

Ridaforolimus 31 0 8.8 53 – –

Ridaforolimus 64 0 0 35 3.6

Temsirolimus

Prior chemo 25 0 4 48

Chemonaive 29 0 14 69 – 7.3

Temsirolimus 50 6 16 52 – –

Combination agents

VEGFR/mTOR Bevacizumab/Temsirolimus 49 2 22 47 5.6

MEK/AKT Trametinib/GSK2141795 26 0 3.8 42.3 19 –

mTOR/Hormone Everolimus/Letrozole 35 25.7 5.7 – 42 3.0
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Thus far, the majority of studies on advanced and recurrent endometrial cancer
have focused on rapalogs, which primarily inhibit mTORC1. mTORC1 inhibitors
include everolimus (Afinitor, RAD001), ridaforolimus (AP23573), and tem-
sirolimus (Torisel, CCI-77). Detailed results of clinical trials incorporating these
agents in the treatment of endometrial cancer are listed in Table 10.2. Generally, the
clinical effects of mTORC1 inhibitors have been modest, with response rates
ranging from 0 to 22%, and the most frequent result being stable disease [26, 50,
141, 142, 143, 155, 183, 195]. These agents are fairly well tolerated, with pre-
dominant adverse events consisting of fatigue, hyperglycemia, mucositis, and rash.

There are data to indicate that resistance to hormonal agents in endometrial
cancer (i.e., progesterone agents) may be secondary to activity of the PI3K/AKT
pathway. Thus, combinations of anti-hormone options and rapalogs have been
explored. Slomovitz and colleagues achieved significant objective response of 32%
(9 CR) with the combination of everolimus and letrozole in recurrent endometrial
cancer with 1–2 prior therapies [181]. Unfortunately, in the study by Fleming and
colleagues, temsirolimus and megestrol acetate alternating with tamoxifen could not
be combined safely due to extensive thrombotic events [50].

PI3K inhibition. If the PI3K pathway is considered a pyramid, with PI3K at the
apex and multiple signaling branches downstream to mediate effects, the direct
inhibition of PI3K holds the potential to have the strongest blockade for PI3K
pathway signaling. A number of PI3K inhibitors have been developed, and many of
them have been evaluated in clinical trials for endometrial cancer. Pan-PI3K
inhibitors target all four isoforms of class I PI3K (a, b, c, and d). Buparlisib
(BKM120) [69, 112], pictilisib (GDC-0941), and pilaralisib (XL147) [53, 173] are
oral, pan-PI3K small molecule inhibitors that are undergoing evaluation in
endometrial cancer (Table 10.2). Frequent adverse events for these agents include
nausea, fatigue, rash, and hyperglycemia. As a single agent in recurrent endometrial
cancer, pilaralisib had minimal clinical activity (RR 6%, 6-month PFS 12%) [116].
Although the results have not yet been reported, this agent was subsequently
combined with paclitaxel and carboplatin in the same setting. In an attempt to
decrease adverse effects, isoform-specific PI3K inhibitors have been developed,
including NVP-BYL719 (PI3K-alpha selective inhibitor) [57], MLN1117
(PI3K-alpha selective inhibitor), and GSK2636771 (PI3K-beta selective inhibitor).
They are currently in early-phase clinical trials. Decreasing adverse events can also
be accomplished by varying the mode of administration of these agents. Copanlisib
is an intravenous pan-PI3K inhibitor that has demonstrated promising activity and
lower levels of adverse events in early-phase trials [149]. A phase II trial of
copanlisib in PI3KCA mutant recurrent endometrial cancer is planned.

Dual inhibitors: Dual inhibitor agents include PI3K/mTOR inhibitors and
mTORC1/2 inhibitors. Dual inhibition is intended to overcome existing resistance
mechanisms and feedback loops, thereby providing greater activity. Dual
PI3K/mTOR inhibitors are ATP competitive and have been developed using the
sequence homology of the catalytic sites of PI3K and both mTOR complexes.
These agents include GDC-0980 [197], PF04691502, gedatolisib (PF05212384),
and XL-765 (SAR245409). A phase II trial of GDC-0980 in endometrial cancer
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recently reported preliminary results. Among 56 women treated with the agent, 9%
had objective response and 20% were progression-free at 6 months [113]. A similar
trial of both PF04691502 and gedatolisib in recurrent endometrial cancer was
performed, stratified by stathmin expression. The PF04691502 (oral) arm was
closed secondary to excessive toxicity including pneumonitis. The gedatolisib
(intravenous) arm yielded modest activity in both the stathmin high (16% RR, 11%
SD) and stathmin low (16% RR, 37% SD) expression cohorts [32].
mTORC-inhibiting agents that target both complexes, mTORC1 and mTORC2,
include AZD2014, MLN0128, and OSI-027. The majority of these agents are still
in early-phase trials, and results are eagerly anticipated.

Ideally, the success of agents targeting the PI3K/AKT pathway could be pre-
dicted by the known baseline molecular status of the tumor. Primary candidates for
biomarkers of response include mutations in PIK3CA, PTEN, AKT, as well as
overexpression of phosphorylated pathway members such as mTOR (pmTOR) and
AKT (pAKT). Preclinical studies have suggested that PIK3CA mutations could
predict response to PI3K and mTOR inhibitors, while mutations in the MAPK
pathway (KRAS, NRAS, BRAF) might mediate resistance [33, 43, 78]. However, to
date, markers including expression of PTEN and stathmin, as well as mutations
PIK3CA and KRAS, have not correlated with response to therapy [110, 122, 194].
Interestingly, in a small study of patients treated with everolimus, the combination
of KRAS mutation and expression of phosphorylated s6 protein was predictive of
non-response [122]. Certainly, further analysis will be necessary to elucidate
appropriate predictive markers to maximize benefit from these treatments.

Ras/Raf Pathway

The Ras/Raf pathway plays a critical role in multiple cellular functions including
proliferation, growth, and senescence [126]. Activation of this pathway can result
from activation/mutation of the upstream RTKs and RAS, or up-regulation/
mutations in Raf and MEK (MAP2K). Upon activation, Raf acts as the MAP kinase
kinase kinase (MAP3K) and activates MEK1 andMEK2 (MEK1/2), which act as the
MAP kinase kinase (MAP2K). MEK1/2 in turn catalyzes activation of the effector
ERK1 and ERK2 (ERK1/2) kinases. Once activated, ERK1/2 translocates into the
nucleus and phosphorylates a number of effector proteins and transcriptional factors
that regulate cell proliferation, motility, differentiation, and survival [126]
(Fig. 10.1). ERK activation can also induce overexpression of EGFR ligands
important for tumor growth [37]. The Ras/Raf pathway is a major mediator of
Ras-induced carcinogenesis, but recent data have shown that Ras can activate and
interact with other signaling pathways including PI3K/AKT [44].

In addition to aberrations in the RTKs that activate the Ras/Raf pathway,
mutations in key pathway nodes including MEK, Ras, and Raf can stimulate
constitutive pathway activation. There is a relatively high prevalence of KRAS
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mutation in endometrial cancer, especially among endometrioid adenocarcinomas
[95, 165, 171], which makes this pathway an attractive target for treatment. Thus
far, MEK inhibitors are the most clinically developed agents targeting this pathway
[55]. Further, combined inhibition of the Ras/Raf and PI3K/AKT pathways has
been suggested as a therapeutic strategy, although success has been limited by
excessive toxicity [9, 13, 43, 65, 74, 81, 154, 192, 206].

MEK inhibition. MEK serves as a downstream effector of the Ras/Raf pathway,
causing phosphorylation of MAPK and subsequent activation of proteins including
s6 kinase [120]. Agents that inhibit MEK have been quite successful in a number of
solid tumors, including melanoma and thyroid cancer [49, 102]. In endometrial
cancer, MEK inhibitors that have been studied alone and in combination with AKT
inhibitors include selumetinib (AZD6244) and trametinib (GSK1120212). In a
phase II study of recurrent endometrial cancer performed by the GOG, selumetinib
achieved an objective response in 6% of patients, with 12% of patients
progression-free at 6 months [25]. The combination of the AKT inhibitor uprosertib
with trametinib in a population of recurrent endometrial cancer patients stratified by
KRAS mutation had minimal activity in the setting of significant adverse events
[206].

Prediction of response and resistance to MEK inhibition based on biomarker
expression has been limited in endometrial cancer. It may be inferred from expe-
rience in other solid tumors that the presence of a BRAF mutation yields sensitivity
to MEK inhibition [38, 148]. Since BRAF mutations are rare in endometrial cancer
[86, 162], this may be why there have been low response rates thus far in trials.
Certainly, KRAS mutation is also of interest, although no data have been reported
in endometrial cancer. There are transcriptional signatures that are of interest from
preclinical studies on the prediction of response to MEK inhibition; however, these
have not yet been reported as part of a clinical trial [35].

Angiogenesis

Angiogenesis (new blood vessel formation) includes the recruitment of vasculature,
circulating endothelial cells, and pro-angiogenic mediators [208]. It is a compli-
cated process that occurs through the balance of a number of stimulatory and
inhibitory factors. The vascular endothelial growth factor (VEGF) family ligands
include VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, placental growth factor
(PLGF)-1, and PLGF-2. These ligands interact with a variety of receptors including
VEGF receptor (VEGFR)-1, VEGFR-2, and VEGFR-3. VEGFR-1 and VEGFR-2
are RTKs expressed specifically on endothelial cells, to which VEGF-A binds [70].
VEGFR-2 mainly transmits signals into the cytoplasm through activation of
phospholipase C (PLC)-c, which then activates downstream pathways such as
Ras/Raf. Angiogenesis has been shown to play an important role in the growth and
metastatic potential of many tumors, including endometrial cancer [70]. In
endometrial cancer, higher tumor microvessel density (MVD) levels are associated
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with nodal metastases, advanced stage, and poor survival [73, 84]. Similarly, high
tumor VEGF levels are associated with higher grade tumors, deep myometrial
invasion, nodal metastases, and more advanced stage disease [98]. These findings
have made angiogenesis an attractive target for endometrial cancer.

VEGF Inhibition. Options for targeting VEGF include monoclonal antibodies,
small molecule inhibitors, and decoy receptors that trap VEGF. Bevacizumab
(Avastin), a monoclonal antibody to VEGF, has had promising single-agent activity
in endometrial cancer, with 13.5% of patients achieving an objective response (1
CR, 6 PR) and 40% of patients surviving progression-free at 6 months [3].
Bevacizumab was combined with standard of care chemotherapy, paclitaxel and
carboplatin, in a multi-arm trial for chemonaive advanced stage and recurrent
endometrial cancer. The combination demonstrated response rates and
progression-free survival similar to historical controls; however, there was an
apparent overall survival benefit, although it was unclear if this was simply related
to a difference in patient populations [2]. Interestingly, when combined with
paclitaxel and carboplatin for recurrent disease previously treated with
chemotherapy, bevacizumab significantly improved response rates and
progression-free survival [107]. This combination is under further evaluation to
fully elucidate its role in advanced stage and recurrent endometrial cancer.
A combination of bevacizumab with temsirolimus yielded an increased response
rate of 29%, although there was no difference in the proportion of patients surviving
progression-free at 6 months compared to bevacizumab alone, despite increased
toxicity [4]. Aflibercept, a decoy receptor to VEGF, demonstrated less single-agent
activity in recurrent endometrial cancer compared to bevacizumab. It yielded a 7%
partial response rate with frequent severe toxicity, including cardiovascular,
metabolic, hemorrhagic complications, and pain [24].

VEGFR Inhibition. There are a number of small molecule inhibitors that target
VEGFR in addition to other relevant targets. Cediranib (AZD2171) inhibits
VEGFR-2, c-kit, and platelet-derived growth factor receptor (PDGFR). This agent
achieved a response rate of 12% in recurrent endometrial cancer, with 30% of
patients surviving progression-free at 6 months [14]. Sorafenib is another
multi-kinase inhibitor that targets Raf as well as VEGFR and PDGFR. This agent
yielded only a 5% partial response among 40 patients with recurrent endometrial
cancer, although 42.5% of patients achieved stable disease [135]. Sunitinib, an
inhibitor of VEGFR, PDGFR, EGF, and Kit, has also undergone evaluation in this
population. Thirty percent of women had disease control for 6 months (n = 34),
with 18% having a PR after treatment with this agent [27].

Fibroblast growth factor (FGF) Inhibition. FGFs are a family of 22 ligands that
may bind to four FGF receptors (FGFRs). FGF ligand binding causes activation of
an intracellular tyrosine kinase that leads to mitogenic and angiogenic activities
implicated in a variety of biological process including embryogenesis, wound
healing, and tumor growth [63]. The activation cascade includes growth factor
receptor bound 2 (Grb2), and thereby the Ras/Raf pathway (Fig. 10.1). Oncogenic
activating mutations of FGFR2 have been identified in 12–16% of endometrioid
endometrial adenocarcinomas [151] (Table 10.1). Thus, a phase II trial of dovitinib,
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an inhibitor of FGFR as well as VEGFR, c-kit, and PDGFR, was performed in
patients with recurrent endometrial cancer, with stratification based on the presence
of a FGFR2 mutation. There was insufficient activity to warrant further exploration
of this agent, and, surprisingly, activity was not associated with the presence of an
activating FGFR2 mutation [91]. A single-agent trial of brivanib, a dual inhibitor of
FGFR and VEGFR2, in recurrent endometrial cancer yielded a 19% response rate,
with one complete response and 30% progression-free survival at 6 months [152].
Conversely, nintedanib (BIBF-1120), which targets VEGFR, PDGFR, and FGFR,
had only a 9% response rate among 32 patients with endometrial cancer [34]. These
findings indicate some benefit for agents targeting these receptors, although it is
clear that further clarification regarding patient selection will be necessary to
achieve maximum impact.

Overall, prediction of response to anti-angiogenic agents in endometrial cancer
has undergone limited study. In a phase II trial of thalidomide, which has
anti-angiogenic properties by an unknown mechanism of action, the authors studied
a number of relevant markers including VEGF, basic FGF, and soluble endometrial
protein C receptor. Among 24 patients, 12.5% had PR and only 8.3% were
progression-free at 6 months. There was no association between biomarker
expression and response to thalidomide therapy; however, VEGF was associated
with poor prognosis independent of thalidomide treatment [118].

Poly ADP-Ribose Polymerase (PARP) Pathway

The cell has a myriad of mechanisms to repair DNA damage, including direct
repair, base-excision repair, mismatch repair, and nucleotide excision repair.
Resistance to cytotoxic chemotherapy may be found in cancer cells with a high
activity of DNA damage repair pathways. PARP 1 and 2 are enzymes involved in
base-excision repair of single-strand DNA breaks (SSBs) [31, 59, 169, 201].
Inhibition of PARP leads to unrepaired SSBs, which result in double-strand breaks
(DSBs) following DNA replication. HR is the mechanism involved in the repair of
these DSBs after the process of replication. The combination of PARP inhibition
with defective HR leads to enhanced cell death, a concept termed “synthetic
lethality” [59]. Thus, PARP inhibition has been developed for use in therapy in
patients with impaired DNA repair mechanisms, such as breast and ovarian cancer
patients with BRCA mutation [31, 52, 111]. In addition to activity through direct
inhibition of PARP enzymes, PARP inhibitors also appear to act by trapping PARP
enzymes and through promotion of DNA repair by non-homologous end joining,
which is fraught with errors. Given these numerous mechanisms of activity, the use
of PARP inhibitors holds great promise in endometrial cancer. Endometrial cancer
has known deficiencies in HR based on defects in HR genes such as ATM, ATR,
and ARID1A [22, 104, 174]. Interestingly, PTEN loss, which is common in
endometrial cancer, may also lead to defects in HR by impairing repair of DSBs,
creating cellular susceptibility to PARP inhibition [119].
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In vitro studies of endometrial cancer cell lines have demonstrated cellular
growth inhibition and apoptosis after treatment with a PARP inhibitor. These
intriguing findings, coupled with case reports indicating that endometrial cancer
with aberrations in PTEN may benefit from treatment with PARP inhibitors, have
led to the development of several trials of PARP inhibitors, alone or in combination
with other targeted therapies, for the treatment of endometrial cancer. To date, no
results have been reported.

Epidermal Growth Factor Receptor (EGFR) Pathway

The EGFR family is made up of RTKs which work as mitogens for important
downstream pathways such as PI3K/AKT and Ras/Raf. There are four receptors
that make up this group, EGFR (HER-1, ERBB1), HER-2 (ERBB2), HER-3
(ERBB3), and HER-4 (ERBB4) [23, 30, 134, 136]. Mutation and overexpression of
these members are known to impact tumorigenesis in a variety of solid tumors.
EGFR is overexpressed in a large proportion of endometrial cancer, up to 46% of
endometrioid adenocarcinomas and 34% of non-endometrioid carcinomas [88]
(Table 10.1). EGFR overexpression has been reported to be associated with poor
overall survival in endometrial cancer [92]. On the other hand, rates of EGFR
mutation are quite low. Data in multiple tumors have indicated that EGFR over-
expression is not sufficient to predict response to therapy and that EGFR mutation is
more closely correlated with response [21], thus further study is indicated to
determine the relevance of these agents for endometrial cancer. HER-2 is another
potentially relevant target in endometrial cancer, with approximately 30% of
non-endometrioid tumors exhibiting HER-2 overexpression. Overexpression of
HER-2 is associated with poor prognosis, especially among serous tumors [60, 164,
182].

EGFR Inhibition. Clinical trials targeting EGFR have demonstrated only modest
success in the treatment of endometrial cancer, with response rates ranging between
3–12% and little improvement in progression-free survival [99, 144, 184].
Certainly, the aforementioned data that EGFR overexpression is not sufficient to
predict response to therapy may be relevant in endometrial cancer as well. In a
study of gefitinib as a single agent, there was no association between response and
expression of relevant biomarkers including phosphorylated EGFR, phosphorylated
ERK, EGFR mutation, or EGFR protein expression [99].

HER-2 Inhibition. Trastuzumab, a humanized monoclonal antibody to HER-2,
was evaluated in a phase II trial for advanced and recurrent endometrial cancers
with overexpression or amplification of HER-2. Unfortunately, there were no
clinical responses, and only 12 of 30 patients had SD [51]. An ongoing trial in
uterine serous cancer is comparing treatment with paclitaxel/carboplatin with or
without herceptin among patients with tumor expression of HER-2/neu by
immunohistochemistry and HER-2/neu gene amplification documented by FISH.
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Dual Inhibition. A dual tyrosine kinase inhibitor of EGFR and HER-2, lapatinib,
was also studied in recurrent endometrial cancers with one to two prior therapies;
however, clinical activity was low [100]. There are few plans to further evaluate the
role of anti-EGFR agents in endometrial cancer at this point.

Other Agents and Targets of Interest

Metformin

Metformin (N′-N′ dimethylguanide) is an oral biguanide widely used for the
treatment of type 2 diabetes and has been demonstrated to reduce cancer risk and
provide anti-tumor activity in a variety of cancers [45, 103]. Theoretical mecha-
nisms for the anticancer activity of metformin are twofold, including direct and
indirect models [12, 209]. The direct model proposes that metformin acts through
activation of AMPK, phosphorylation of TSC-2, and subsequent inhibition of the
downstream target mTOR. In the indirect model, metformin acts through increase
of insulin sensitivity, decrease in circulating insulin, increase of glucose uptake into
the cell, and decrease of gluconeogenesis. Ultimately, this agent has been shown to
induce cell cycle arrest and apoptosis [18], as well as induce progesterone receptor
expression and reverse progesterone resistance in endometrial cancer cell lines
[207, 212]. Interestingly, metformin may be an effective agent in tumors with
activating mutations of KRAS. The proposed mechanism is inhibition of KRAS
signaling through mislocalization of KRAS from the plasma membrane into the
cytoplasm [77]. Two window of opportunity studies of metformin in primary
endometrial cancer patients prior to surgical resection have revealed the potential
activity of this agent based on pharmacodynamic markers. Metformin demonstrated
down-regulation of the PI3K/AKT and Ras/Raf pathways based on reduction in
phosphorylated AKT and MAPK, as well as reduction in downstream regulators
including ps6, and p4EBP-1 [168]. Interestingly, in a study by Soliman and col-
leagues, there was no change in phosphorylated ACC, indicating a lack of direct
action by metformin on AMPK [188].

These findings have led to several studies of metformin for primary and recurrent
tumors, including evaluation in the conservative treatment of primary endometrial
cancer. In addition, the NRG Oncology—Gynecologic Oncology Group (GOG) is
assessing the impact of the addition of metformin to standard of care chemotherapy
with paclitaxel and carboplatin in chemonaive advanced stage and recurrent
endometrial cancer.
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Dasatinib

Dasatinib is a multi-kinase inhibitor of Src and EphA2, as well as bcr-abl, c-kit, and
PDGF [6]. There is great interest in this agent, given the importance of several of
these targets in endometrial cancer. The proto-oncogenec-Src (Src) family of pro-
tein kinases regulates multiple tumorigenic activities across solid tumors [191].
Further, the ephrin ligands, including EphA2, are involved in a number of key
cellular processes including angiogenesis and cellular migration [20, 71, 89, 123].
Elevated EphA2 has been demonstrated to correlate with poor prognosis in
endometrial cancer [83]. Early-phase trials of Dasatinib as a single agent and in
combination with paclitaxel and carboplatin were well tolerated with promising
activity [6, 90, 170]. A pilot study of dasatinib in combination with paclitaxel and
carboplatin in advanced stage and recurrent endometrial cancer has been completed,
and the results are anticipated.

Angiopoietin (Ang)/Tie-2

Alternative angiogenic pathways are under exploration for the treatment of
endometrial cancer. The interaction between angiopoietins, Ang-1 and Ang-2, and
their receptor, Tie-2, stimulates proliferation of endothelial cells, in addition to
promoting survival and motility. Ang-1 and Ang-2 support vascular maturation
through the recruitment of pericytes [66, 161]. Trebananib (AMG-386) is a peptide
fusion protein that binds the angiopoietins and blocks interaction with their receptor
[125]. Although early-phase trials demonstrated reasonable safety and promising
efficacy across gynecologic malignancies, trebaninib as a single agent in recurrent
endometrial yielded only one objective response out of 32 patients [128].

P53

P53 has long been a target of great interest in a number of advanced solid tumors,
and endometrial cancer is no exception. Uterine serous tumors have a high fre-
quency of p53 mutation, and this target is also common in grade 3 endometrioid
tumors and in carcinosarcoma [85]. There are a number of agents in development
that may have a role in the treatment of endometrial cancer, including Wee1
inhibitors and agents that restore p53 function [198]. P53 serves as a regulator of
the cell cycle at G1, and loss of its function creates dependency on the G2 cell cycle
checkpoint. This checkpoint is regulated by Wee1, with inhibition of Wee1 leading
to cell death after failure of DNA damage repair [146, 153]. The most developed
Wee1 inhibitor is AZD1775, which has been evaluated in ovarian cancer.
Early-phase trials of p53 agents, including in endometrial cancer, are ongoing.
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Immune Therapy

Harnessing the immune system to target cancer cells has been difficult until recent
years. As our understanding of the mechanisms of tumor immune system evasion
has grown, so have the number of successful immune therapy agents [185, 193].
Although initial efforts had focused on immune driven cancers, the activity of
immune therapy has recently been associated with molecular aberrations common
to endometrial cancer, including microsatellite instability (MSI) and the presence of
mutations in POLE [11, 75, 196]. Thus, the use of agents including avelumab,
nivolumab, and pembrolizumab is under exploration in recurrent endometrial
cancer. A recent phase Ib study of pembrolizumab in microsatellite unstable solid
tumors, including endometrial cancer, reported a 71% response rate (n = 7) [97].
Further, in a separate study of unselected endometrial cancers, pembrolizumab
achieved 13% PR and 19% progression-free survival at 6 months [140]. These
promising results have led to the implementation of numerous phase II studies in
microsatellite unstable and unselected recurrent endometrial cancer.

Prevention of Endometrial Cancer

To understand the prevention of cancer, knowledge of risk factors is paramount.
This defines the population for prevention efforts and guides the development of
strategies. For prevention, it is important to understand if a risk factor is modifiable
or actionable, as this will provide an opportunity for intervention. Fortunately,
endometrioid endometrial adenocarcinoma has a number of well-defined risk fac-
tors, including hormonal, metabolic, lifestyle, and hereditary factors [5, 82]
(Table 10.3). Risk factors for non-endometrioid endometrial cancer have not been
well defined, in part due to their relative infrequency. However, a meta-analysis by
Setiawan et al. [172] revealed that non-endometrioid endometrial cancer shares
many etiologic factors with the endometrioid type, including high body mass index
(BMI), low parity, low age at menarche, and diabetes. The closing section of this
chapter will discuss modifiable risk factors for endometrial cancer and potential
interventions for endometrial cancer prevention. Other populations of interest for
endometrial cancer prevention will also be reviewed.

Modifiable Risk Factors

Unopposed estrogen exposure. A strong association between estrogen exposure and
endometrioid endometrial adenocarcinoma has been demonstrated. Risk factors
related to increased estrogen can come from exogenous as well as endogenous
sources, including hormone replacement therapy (HRT), polycystic ovary
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Table 10.3 Endometrial cancer risk factors and protective factors

Relative risk Modifiable

Hormonal factors
HRT Yes

Continuous combined therapy 0.71�
Cyclic combined therapy 1.05�
Estrogen alone 1.45�
Contraceptives
OC 0.5� Yes

Non-hormonal IUD 0.54�
LNG-IUS 0.5�
Other agents Yes

Tamoxifen 2.53�
Aromatase inhibitors 1�
Obesity Yes

BMI 18.5–24.9 1�
BMI 25.0–29.9 1.5�
BMI 30.0–34.9 2.53�
BMI 35.0–39.9 2.77�
BMI 40.0– 6.25�
PCOS Possible

PCOS 4�
Parity No

Nulliparity 1�
1 birth 0.9�
2 births 0.8�
3 or more births 0.7�
Menstruation No

Early menarche 2.4�
Late menopause 1.7�
Factors related to endocrine metabolic disease and lifestyle
Diabetes, hypertension, and dyslipidemia Possible

Type 1 diabetes 2.7�
Type 2 diabetes 1.5�
Hypertension 1.44�
Low HDL (<50 mg/dl) 1.06�
High TG (� 150 mg/dl) 1.19�
Alcohol intake Yes

0 g/day 1�
>0 to <12 g/day 0.91�
12 to <24 g/day 0.89�
� 24 g/day 1.59�

(continued)
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syndrome (PCOS), nulliparity, early age of menarche, and late age of menopause
[41, 82]. The majority of these factors are not modifiable, although the use of HRT
can be optimized to avoid the risk of endometrial cancer. Representative relative
risks of each category of HRT are shown in Table 10.3. Certainly, HRT with
unopposed estrogen increases the risk of endometrial cancer, while HRT containing
progestin does not increase the risk and, in some cases, may be protective [15].

Tamoxifen, which is used to treat or prevent breast cancer due to an
anti-estrogenic effect on the mammary gland, is known to have a modest estrogenic
effect on endometrium. Postmenopausal women treated with tamoxifen have an
increased risk of endometrial cancer [48]. Therefore, these women should be
monitored for early detection of endometrial cancer based on symptoms. There is
no recommendation for routine endometrial cancer screening through endometrial
biopsy or transvaginal ultrasound in this patient population. Of note, aromatase
inhibitors, which can be effective for breast cancer prevention and treatment in
some situations, do not increase the risk of endometrial cancer [36].

Obesity. Obesity is a known risk factor for incidence and cancer-related death in
a variety of solid tumors [8, 156]; however, the impact of obesity is greatest among
patients with endometrial cancer [17]. There is a step-wise association of
endometrial cancer risk and mortality based on incremental increase in BMI [157].
The role of obesity in the etiology of endometrial cancer is multifactorial. First,
there is an association between increased BMI and circulating estrogens due to
aromatization of androgen to estrogens in adipose tissue [19, 179]. Further, obesity
is associated with decreased serum hormone-binding globulins (SHBG), which
allows for increased free estrogen in the obese patient [129]. Obese women are
often noted to have progesterone deficiency secondary to anovulation, which fur-
ther promotes the proliferation of the endometrium and subsequent development of
endometrial neoplasia [82]. Finally, insulin resistance and hyperinsulinemia are

Table 10.3 (continued)

Relative risk Modifiable

Cigarette smoking Yes

In premenopausal women 1.06�
In postmenopausal women 0.71�
Physical activity Yes

Regular exercise 0.67–0.78�
Diet Yes

Increased caloric intake 1.7�
Cholesterol 2.1�
Saturated fatty acids 1.3�
Fiber 0.6�
Hereditary factors
HNPCC 40–60% lifetime risk

Cowden syndrome 28% lifetime risk
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tightly related to obesity and have been suggested to act as a further risk factor for
endometrial cancer. This is in part due to insulin’s direct effect as a
mitogen-stimulating tumorigenic pathway such as PI3K/AKT[114]. In addition,
insulin is an anti-apoptotic growth factor in the endometrium and can increase
levels of free estrogen through down-regulation of SHBG [28]. Arguably, obese
women are the group that stands to benefit most from prevention strategies. Based
on the strong association of increased BMI and endometrial cancer risk, there is a
significant opportunity to prevent endometrial cancer through promotion of weight
loss and use of treatments to counteract insulin resistance.

Physical activity. As part of a prospective study of cancer incidence and pre-
vention, the American Cancer Society found that any level of physical activity and
the avoidance of a sedentary lifestyle were significantly associated with a reduction
in endometrial cancer risk [147]. Moore and colleagues performed a meta-analysis
of nine prospective cohort studies that revealed a 30% reduction in risk of
endometrial cancer among active women compared to inactive women. The
activities covered a wide range from mild exercise, such as walking or cycling, to
intense exercise such as running [127]. Of note, it appears that body weight
modifies the association of physical activity and endometrial cancer risk, so it is
important to address all aspects of health in order to reduce the risk of endometrial
cancer [147, 167].

Diet. Although not thoroughly evaluated, it appears that specific diet compo-
nents play a role in the development of endometrial cancer. Levi and colleagues
reported in 1993 that after controlling for high caloric intake, food type had an
impact on endometrial cancer risk. Specifically, high fat and sugar intake were
associated with increased risk of endometrial cancer [101]. Further studies have
indicated that a diet high in red meat, fat, and cholesterol are associated with
increased endometrial cancer risk. Conversely, the intake of fresh fruit, vegetables,
and whole grains significantly reduces this risk [16, 101, 160].

Alcohol intake. Ethanol has traditionally been thought to increase the risk of
endometrial cancer through an increase in estrogen levels [58, 62, 158]. However,
moderate alcohol intake is known to decrease insulin levels and increase overall
sensitivity to insulin, which could reduce endometrial cancer risk [29]. There have
been many conflicting clinical studies regarding the true impact. A thorough
meta-analysis has demonstrated an apparent dose–response relationship between
alcohol and endometrial cancer risk. Specifically, compared to nondrinkers, women
who drank 0.5–1 drink per day have a lower risk of endometrial cancer. However,
in women who drink more than 2 drinks a day or more than 2.5 drinks a day, the
risk of endometrial cancer increases 14 and 25%, respectively [54]. This risk is
further increased in women who drink more than 2.5 drinks a day. Certainly,
counseling patients to avoid significant intake of alcohol in order to reduce
endometrial cancer risk is reasonable.

Tobacco intake. It is important to note that there is a significant protective effect
of cigarette smoking on the risk of endometrial cancer among postmenopausal
women [213]. However, the increased risk of lung cancer as well as other hazardous
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effects on the respiratory and cardiovascular systems eclipses the potential advan-
tage of smoking, and it is never recommended.

Potentially Modifiable Risk Factors

Diabetes, hypertension, and dyslipidemia. Type 1 and type 2 diabetes, hyperten-
sion, and dyslipidemia are frequently comorbid with endometrial cancer; however,
epidemiologic studies have demonstrated them to be independent risk factors for
the development of endometrial cancer after controlling for age and body weight
[56, 186, 202, 210]. Therefore, appropriate treatments such as lifestyle counseling
and medical treatments of these diseases may also reduce the risk of endometrial
cancer.

PCOS. In women less than 50 years of age those with PCOS had a fourfold
increased risk of endometrial cancer compared to those without PCOS [46].
Elevated endogenous estrogen, lack of progesterone, as well as obesity, and insulin
resistance in PCOS may contribute to the increased risk for endometrial cancer.
Further investigation will be required to determine whether treatment of this con-
dition yields a decreased risk of endometrial cancer.

Interventions

Contraceptives. In many studies, oral contraceptives (OCP) have been demon-
strated to prevent the development of endometrial cancer, with increasing effects
seen with longer duration of use. OCP use reduces the risk of endometrial cancer by
50% in women at no increased risk for the disease [87, 203]. Stanford and col-
leagues demonstrated that women who used OCPs for <1 year, 1–2 years, 3–
4 years, 5–9 years, and 10 and more years gained a risk reduction of 0.7, 0.3, 0.3,
0.7, and 0.2, respectively, compared to nonusers [190]. A meta-analysis demon-
strated that this protective effect persisted for 20 years after discontinuation (RR
0.33, 0.41, and 0.51 for 5, 10, 20 years after OC cessation, respectively, compared
to nonusers) [131]. Lu and colleagues assessed the pathologic impact of a 3-month
course of hormonal contraceptives (depomedroxyprogesterone acetate or OCPs) on
the endometrium of women with Lynch syndrome. They found a significant
reduction in endometrial proliferation with evidence of progesterone effect based on
pathologic examination and expression of estrogen-induced transcripts [108]. It
appears that the use of hormonal contraceptives should be considered for further
study for the prevention of endometrial cancer in this high-risk patient population.

Interestingly, non-hormonal intrauterine devices also provide a protective effect
(RR 0.54) against endometrial cancer, although the exact mechanism is not clear.
The protective effect increased with the duration of use and was still observed after
cessation of use (RR 0.91 in 5 years) [10]. Finally, the levonorgestrel-releasing
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intrauterine system has been reported to have a risk-reducing effect for endometrial
cancer (RR 0.5) [47]. This agent was assessed for the prevention endometrial
pathology in women treated with tamoxifen, yielding a significant reduction of
endometrial polyps (RR 0.22) and endometrial hyperplasia (RR 0.13); however,
further study is needed before this is incorporated into clinical practice [175].

Metformin. As noted above, metformin is an oral medication for type 2 diabetes
mellitus that has been demonstrated to have an intriguing association with reduction
in endometrial cancer risk [80]. Preclinical studies in a rat model revealed a
reduction in estrogen-mediated endometrial proliferation after treatment with met-
formin [211]. This agent is currently undergoing evaluation in a prospective
chemoprevention study for obese women at risk for the development of endometrial
cancer.

Surgery. In addition to adjustments in diet and increasing physical activity,
bariatric surgery is an option for weight loss reduction. Large cohort studies have
revealed that overall cancer risk is reduced among patients who achieve weight loss
after bariatric surgery [1, 7, 180]. Ward et al. [199] reported that any bariatric
surgery was associated with a 71% reduced risk for uterine malignancy among
obese women. This risk reduction was even greater among women who had suc-
cessful bariatric surgery and were obese at the time of the study. Bariatric surgery
would appear to be a reasonable option for the prevention of endometrial cancer,
although ideally this should be evaluated in a prospective fashion.

Education. Given the number of potentially modifiable risk factors for the
development of endometrial cancer, there is a significant opportunity for education
intervention as a prevention technique. A survey of 1545 women, 68% of whom
were overweight or obese, revealed that the majority (58%) were not aware that
endometrial cancer risk was associated with obesity [187]. This lack of knowledge
was higher among black women. A similar study among 93 obese women under
consideration for bariatric surgery found that although 50% of women realized that
obesity increased their risk of uterine cancer, they did not think that they were
personally at risk [68]. These findings suggest that educational interventions may
have a significant impact on women for reduction of endometrial cancer risk.

Other Populations for Prevention Strategies

Hereditary cancer syndromes. Although the majority of endometrial cancer is
sporadic in nature, hereditary causes account for 2–5% of these tumors [121].
Lynch syndrome is an autosomal dominant disease caused by germ line mutations
in the DNA mismatch repair (MMR) gene family,MLH1,MSH2 MSH6, and PMS2.
Mutations in MMR genes result in MSI and genetic susceptibility to some types of
malignancies including endometrial (lifetime risk 40–60%, compared with 2.6% in
general population), colorectal (lifetime risk 60%), and ovarian cancer (lifetime risk
9–12%). Please see Chap. 9 in this textbook for full detail. Annual endometrial
sampling and transvaginal ultrasound of the uterus and ovaries beginning at age 30–35
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are recommended for women with Lynch syndrome [105]. Upon completion of
childbearing, prophylactic hysterectomy has been demonstrated to eliminate the
risk of endometrial cancer in this patient population [166].

Cowden syndrome is an autosomal dominant disease associated with PTEN
mutation, predisposing affected individuals to a variety of malignancies including
breast (lifetime risk 85%), thyroid (lifetime risk 35%), and endometrial cancer
(lifetime risk 28%). The average age at diagnosis is 40–59 years, and annual
screening recommendations are the same as for patients with Lynch syndrome
[150]. It is unclear if hysterectomy offers the same benefit to patients with Cowden
syndrome as it does to those patients with Lynch syndrome, although it is rea-
sonable to consider in the absence of specific studies, given the rare nature of this
condition.

Conclusion

Molecular abnormalities make endometrial cancer an attractive option for the use of
targeted therapy. Success has been limited, but incremental changes have been
made. With increased understanding of molecular mechanisms, there is no doubt
that future clinical trials will have a greater impact on clinical outcomes. Novel
combination agents and clinical trials that combine a number of agents across
different pathways will be necessary. Certainly, understanding which patients may
benefit from a given agent and, conversely, which patients may harbor resistance is
essential to future developments in this field. Ultimately, the goal of prevention of
endometrial cancer should take precedence. As knowledge of the metabolic and
molecular mechanisms of endometrial cancer development grows, it will be
essential to consider novel therapeutics as well as lifestyle changes to prevent this
disease.
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Chapter 11
Molecular Pathology of Uterine
Mesenchymal Tumors

Brooke E. Howitt and Marisa R. Nucci

Smooth Muscle Tumors

Smooth muscle tumors are the most common neoplasms of the uterus and include
benign leiomyoma and variants, intravenous leiomyomatosis, smooth muscle
tumors of uncertain malignant potential (STUMP), and leiomyosarcoma (LMS).
Most are characterized by spindled cells with eosinophilic cytoplasm in predomi-
nantly fascicular growth, with a smaller subset demonstrating epithelioid mor-
phology or myxoid matrix. Immunohistochemically, they share expression of the
smooth muscle markers desmin, caldesmon, and smooth muscle actin
(SMA) (except in some poorly differentiated leiomyosarcomas) and are generally,
but not always, negative for CD10. Smooth muscle tumors are broken down into
both biologic and morphologic variants; while various molecular alterations are
specific to certain types of smooth muscle tumors, there is some overlap.

Conventional Leiomyoma

Leiomyoma (Fig. 11.1) is the most common uterine tumor and is characterized by
recurrent point mutations and small deletions, and characteristic chromosomal
translocations. The most common gene mutated in leiomyoma is MED12, with
heterozygous MED12 mutations found in up to 70–80% of uterine leiomyomas
[1–6]. The vast majority of these are located in exon 2 at the codon 44 position.

B.E. Howitt � M.R. Nucci (&)
Department of Pathology, Harvard Medical School, Brigham and Women’s Hospital,
75 Francis St, Boston, MA 02115, USA
e-mail: mnucci@partners.org

B.E. Howitt
e-mail: bhowitt@partners.org

© Springer International Publishing AG 2017
M.T. Deavers and D.M. Coffey (eds.), Precision Molecular Pathology
of Uterine Cancer, Molecular Pathology Library,
DOI 10.1007/978-3-319-57985-6_11

227



There is no evidence to date that germline MED12 mutations play a role in the
development of leiomyoma.

HMGA1 or HMGA2 overexpression is common in leiomyoma, reflecting
chromosomal translocations involving 6p21 (HMGA1) and 12q14 (HMGA2).
HMGA2 overexpression is found in approximately 10% of uterine leiomyomas and
tends to be mutually exclusive with MED12 mutations [3]. When considering only
those uterine leiomyomas lacking MED12 mutation, HMGA2 overexpression is
found in 40% of tumors. Other recurrent molecular aberrations in leiomyoma
include COL4A5/6 deletions, which are mutually exclusive with MED12, HMGA2,
and FH alterations [7]. Leiomyomas lack TP53 mutations [4, 7].

The karyotypes of leiomyoma are either normal (60%) or noncomplex with one
or more chromosomal translocations (40%) [8, 9]. Recurrent chromosomal aber-
rations include those mentioned above involving HMGA2 (up to 25% of leiomy-
omas; most commonly resulting in fusion with RAD51B on chromosome 14),
HMGA1 (6p21), 13q, 1p36, and 10q22 [10–12]. Other cytogenetic abnormalities
frequently identified in conventional karyotype or array comparative genomic
hybridization include 7q deletion [13, 14], trisomy 12 [10–12, 15, 16], 1p deletion
[13] and less frequently, monosomy 22 [10]. Interestingly, 7q deletions have been
identified in both MED12 mutated and HMGA2 mutated leiomyoma, suggesting
that 7q may be important for progression rather than initiation of tumorigenesis.
Mitotically active leiomyoma appears to have molecular features similar to con-
ventional leiomyoma, with frequent MED12 mutations [4].

Cellular Leiomyoma

Few studies have examined molecular alterations in cellular leiomyoma. They
appear to lack TP53 mutations [4], 6% have PTEN deletions, and only 9–14% have

Fig. 11.1 Leiomyoma is
characterized by intersecting
fascicles of smooth muscle
cells with eosinophilic
cytoplasm and bland,
cigar-shaped nuclei
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MED12 mutations [4, 17], suggesting the pathogenesis of cellular leiomyoma may
differ from conventional leiomyoma. 1p deletion was present in 23% of cellular
leiomyomas in one study [18], and a subset have been reported to have 10q22
rearrangements which have also been described in conventional leiomyoma [19].

Atypical Leiomyoma

Atypical leiomyoma is characterized by significant cytologic atypia (readily seen
from 4� objective) but lacks necrosis and significant mitotic activity [20]. It has
been proposed that these be termed “leiomyoma with bizarre nuclei;” [21] however,
many of the molecular alterations present in these tumors overlap with those found
in leiomyosarcoma. Specifically, 12% have TP53 mutations [4], 10% have MED12
mutations [4], and 24% have PTEN deletion [4]. In one study, the miRNA profile of
atypical leiomyoma was more similar to LMS/STUMP than to conventional
leiomyoma or cellular leiomyoma [4].

Hereditary Leiomyomatosis and Renal Cell Carcinoma
Syndrome

Hereditary leiomyomatosis and renal cell carcinoma syndrome (formerly known as
“Reed syndrome”) is characterized by numerous uterine leiomyomata, often pre-
senting at a very young age [22]. Histologically, the leiomyomas are characterized
by epithelioid nuclei with very prominent nucleoli (characteristically cherry red or
“orangophilic”) with perinucleolar clearing (Fig. 11.2), as well as intracellular and
extracellular aggregates of eosinophilic material [23–25]; however, these features
are not entirely specific or sensitive [26]. Patients with this syndrome have germline
mutations in the fumarate hydratase gene, FH, located on 1q42.1. The tumors from
patients with this syndrome accumulate a secondary somatic inactivation of FH,
resulting in complete loss of protein function and expression that can be demon-
strated with FH immunohistochemical staining (loss of staining in tumor cells) [23].
Rarely, loss of FH can be found in non-syndromic leiomyomata [27]. FH inacti-
vation is thought to account for less than 2% of all uterine leiomyomas [27] and is
mutually exclusive with MED12 and HMGA2 mutations.

Conventional Leiomyosarcoma

Conventional LMS is characterized histologically by atypical spindle tumor cells
growing in fascicles. Tumor cell necrosis and abundant mitotic activity are usually
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present (Fig. 11.3). The degree of nuclear atypia varies, and no study has shown
prognostic importance of morphologic grade. Immunohistochemically, they are
usually positive for the smooth muscle markers SMA, desmin, and caldesmon;
however, it is not unusual for there to be loss of expression of one or more of these,
particularly in morphologically high-grade tumors. Most of the molecular alter-
ations known about LMS are derived from studies of conventional or mixed
morphologic types. No studies have specifically evaluated the molecular features of
morphologic variants such as myxoid LMS, or epithelioid LMS. While LMS
generally is considered to arise de novo, there is molecular evidence for LMS
arising from a preexisting leiomyoma in at least a subset of cases [28, 29]. LMSs
have markedly complex karyotypes, which make it difficult to identify alterations

Fig. 11.2 HLRCC-associated leiomyoma is characterized by plump nuclei with large, cherry red
nucleoli with perinucleolar clearing. Extracellular eosinophilic material may also be present

Fig. 11.3 Conventional
leiomyosarcoma typically
displays cytologic atypia,
mitoses, and necrosis (not
shown here)
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specific to LMS. Some of the recurring chromosome arm level alterations described
in LMS include gains of 1q, 17p, and Xp, and loss of heterozygosity for 10q
(containing PTEN) and 13q (containing RB1), which are present in >50% of LMS
[13, 30–32].

TP53 mutations are common in LMS, reported in up to 52% of cases [4, 33].
MED12 mutations are found in *10% of LMS [3, 4, 34], although reports range
from 2 to 20% [5, 6, 34–37]; however, many of the MED12 mutations present in
LMS are not the typical hot spot mutations, but rather represent complex or trun-
cating mutations [4]. HMGA2 overexpression is seen in *35% of LMSs and
appears to be mutually exclusive with MED12 mutation [3], similar to leiomyoma.
HMGA1 rearrangements have been described in only two LMS [38].
a-thalassemia/mental retardation syndrome X-linked (ATRX) or death
domain-associated (DAXX) are two genes recently found to be frequently mutated
in LMS, and are associated with an alternative lengthening of telomere
(ALT) phenotype contributing to the pathogenesis of uterine leiomyosarcoma in up
to 60% of cases [35, 39]. In addition, activated AKT/mTOR pathway proteins are
highly expressed in uterine LMS, which has led to mTOR inhibition being pro-
posed for therapy [40–42].

Unusual Smooth Muscle Neoplasms (“Quasi-malignant”)

Some uterine smooth muscle tumors appear histologically benign, but have features
that are suggestive of aggressive behavior, such as vascular invasion or spread
beyond the uterus. Other tumors may have histologically indeterminate features of
malignancy and are not easily categorized into benign or malignant categories.

Intravenous leiomyomatosis (IVL) is a condition in which a tumor morpholog-
ically indistinguishable from conventional leiomyoma (or variants) grows within
vascular spaces, and in dramatic cases may extend through the vena cava into the
right heart. Molecularly, these tumors appear to have cytogenetic alterations
commonly seen in conventional leiomyoma, such as t(12;14) [43, 44]. Regional
losses on chromosomes 22q and 1p, and gains on chromosomes 12q were the most
common alterations in one study [45]. MED12 mutations have not been docu-
mented in IVL [45, 46].

Benign metastasizing leiomyoma (BML) is a somewhat controversial entity
characterized by bland appearing smooth muscle tumors in the lung or lymph
nodes, and may represent “metastasis” from a histologically unremarkable uterine
leiomyoma, a theory supported by molecular evidence of common origin [47, 48].
BML is rare and shares a genetic profile with approximately 3% of all uterine
leiomyomas, specifically 19q and 22q terminal deletions [49]. Others have pro-
posed a relationship between BML and IVL based on X inactivation studies [50];
however, the generally non-overlapping cytogenetic profiles of these tumors would
suggest otherwise.
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STUMP molecular features are not well-defined secondary to poor repro-
ducibility of morphologic diagnosis, but with this caveat in mind, one study found
that 11% of STUMPs harbor MED12 mutations, similar in frequency to LMS [4].
Similarly, 33% of STUMPs have PTEN deletion [4].

PEComa

Perivascular epithelioid cell tumor (PEComa) is in the family of myomelanocytic
tumors with its morphology and immunoprofile containing smooth muscle and
melanocytic features. Histologically, it is characterized by plump epithelioid cells
with abundant granular pale to eosinophilic cytoplasm (Fig. 11.4) that immuno-
histochemically express both smooth muscle (SMA and desmin) and melanocytic
(HMB-45, MelanA and microphthalmia-associated transcription factor) markers.
Occasionally, uterine PEComas display a predominant spindle cell morphology, but
most often there is a combination of epithelioid and spindled cells. Diagnostic
difficulty arises when trying to distinguish between PEComa and uterine smooth
muscle tumors, particularly those with epithelioid morphology, as they may have
overlapping immunoprofiles [51–57]. Most studies interrogating the molecular
alterations in PEComa include tumors from various anatomic sites, including the
uterus, so the molecular features discussed are not only specific to uterine
PEComas, but rather PEComas of any anatomic site.

The most well-characterized alterations are those resulting in inactivation of
TSC2 (16p13.3) or less commonly TSC1 (9q34), due to the association of PEC
tumors (angiomyolipoma and lymphangioleiomyomatosis) with the genetic disease
tuberous sclerosis complex. TSC1/2 are involved in many cell cycle regulatory
pathways, including the mTOR pathway. Loss of TSC1/2 results in increased
activation of mTOR [58], thus many have proposed using mTOR inhibitors in these

Fig. 11.4 PEComa is often
composed of epithelioid cells
with plump nuclei and clear to
pale eosinophilic cytoplasm
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tumors [59–62]. While any inactivating genetic hit in TSC1/2 (mutation, deletion,
copy number loss) may contribute to pathogenesis [60, 63], not all PEComas have
inactivation of TSC1/2. One reported uterine PEComa lacked loss of heterozygosity
at TSC1 and TSC2 [64]. As some PEComas lack inactivation of TSC2 and acti-
vation of the mTOR pathway, some have suggested that mTOR pathway activation
be confirmed before treating a PEComa patient with an mTOR inhibitor [65].

TFE3, a member of the MIT/TFE family of transcription factors, has been
demonstrated to be rearranged in a subset of PEComas [66–68], including those
occurring in the uterus. This likely represents a minority of uterine PEComas, as
one of the largest studies showed no evidence of TFE3 rearrangement in any case
[69]. PEComas harboring TFE3 rearrangements have a slightly different mor-
phology, typically with purely epithelioid cells with cleared cytoplasm and nested
architecture, and immunohistochemical lack of SMA and desmin expression [70].
Interestingly, TFE3 rearranged PEComas lack TSC2 inactivation, suggesting that
this subset of PEComa has an alternate pathogenesis and may not be amenable to
mTOR inhibition therapy [71, 72]. One PEComa was reported to have TFE3
amplification rather than rearrangement [66]. The TFE3 translocation partners
documented in alveolar soft part sarcoma and Xp11 translocation renal cell carci-
noma have not been found in PEComa to date. Recently, multiple groups have
identified PSF as the most frequent translocation partner, resulting in a SFPQ/PSF-
TFE3 gene fusion [71, 73, 74], and one case harbored a DVL2-TFE3 gene fusion
[71].

RAD51B (14q24) translocations (resulting in RAD51B-RRAGB or RAD51B-
OPHN1 gene fusions) were identified in a small minority (8%) of uterine PEComas
in one study [71]. In one of these cases, TSC2 and TP53 mutations were also
identified, suggesting that these PEComas, unlike the TFE3-associated PEComas,
likely have a shared pathogenesis with the TSC2 inactivated PEComas.
Interestingly, it was reported that the RAD51B translocation PEComas were initially
diagnosed as leiomyosarcoma. Other translocations have also been recently
reported in small numbers (one case each HTR4-ST3GAL1 and RASSF1-PDZRN3)
[71].

Array comparative genomic hybridization studies have identified a number of
recurrent losses/gains, most notably loss of chromosomes 19, 16p, 17p, 1p, and
18p, and gains of X, 12q, 3q, 5, and 2q [63]. Of note, the TSC2 gene is on 16p,
suggesting a mechanism for TSC2 loss of function in PEComa. Similarly, TP53 is
on 17p and suggests a mechanism for biallelic inactivation in TP53-mutated
tumors.

Endometrial Stromal Neoplasms

Endometrial stromal neoplasms include both stromal nodule and stromal sarcomas.
Endometrial stromal sarcoma is further separated into low- and high-grade sarcoma.
High-grade endometrial stromal sarcoma (HGESS) has recently been recognized as
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a distinct entity [21], largely due to its unique histology, clinical behavior, and
underlying molecular alterations [21, 75]. Immunohistochemistry and molecular
studies frequently serve as a useful adjunct in the diagnosis of endometrial stromal
neoplasms.

Endometrial Stromal Nodule and Low-Grade Endometrial
Stromal Sarcoma

Both endometrial stromal nodule (ESN) and low-grade endometrial stromal sar-
coma (LGESS) resemble the non-neoplastic stroma of proliferative endometrium
with ovoid to fusiform cells often encircling the frequent arteriole-like blood vessel
component (Fig. 11.5). Similar to non-neoplastic endometrial stroma, ESN and
LGESS are positive for CD10 by immunohistochemistry. The distinction between
LGESS and ESN is made on histologic grounds; specifically, the interface with
myometrium and the presence of LVI [21, 76, 77]. ESS typically exhibits promi-
nent finger-like penetration of the myometrium and/or LVI; up to three foci of
invasion measuring less than 3 mm (but without LVI) is allowed for the diagnosis
of ESN [78]. Both ESN and ESS may demonstrate variant morphology, including
smooth muscle differentiation and sex cord-like differentiation, making the diag-
nosis more difficult [77, 79, 80].

Recurrent Translocations/Gene Fusions

JAZF1–SUZ12 is the most common gene fusion in both low-grade ESS and ESN,
found in greater than 50% of tumors (reported frequency ranges from 25 to >90%
depending on the study design and tumor morphology) [81–88]. This gene fusion

Fig. 11.5 Low-grade
endometrial stromal tumors
(endometrial stromal nodules
and sarcomas) are
characterized by cells with
ovoid to fusiform nuclei
lacking significant cytologic
atypia that “swirl” around
small caliber vessels
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reflects the chromosomal translocation t(7;17) (p15;q21) or related variant
translocations frequently observed in ESS via conventional cytogenetics or FISH
[89, 90] (Fig. 11.6) and is apparently more common in low-grade ESS with classic
morphology than in those with variant histology. Another translocation involving
JAZF1, t(6;7) (p21;p15), resulting in a JAZF1–PHF1 gene fusion is present in up to
28% of ESS, as well as in an endometrial stromal sarcoma cell line [87, 91–93]. The
finding of JAZF1 rearrangement, including as the sole karyotypic abnormality in a
subset of tumors, suggests that it may play a significant role in the pathogenesis of
ESS. Of interest, in ESN the non-rearranged JAZF1 allele is transcriptionally active,
but in ESS it appears to be silenced [94] resulting in increased proliferation and
resistance to apoptosis, suggesting that epigenetic alterations also play a role in ESS
pathogenesis.

In tumors lacking JAZF1 abnormalities, PHF1, a polycomb repressor gene, has
been found to be recurrently involved in another chromosomal translocation and
resultant gene fusion with MEAF6 (on 1p34) [95, 96]. ESS with PHF1 rear-
rangement is enriched for sex cord-like differentiation [93], but also may show
myxoid morphology, smooth muscle differentiation, or typical morphology [97].
A small subset of ESS may have PHF1 rearrangements resulting in fusion with
genes other than JAZF1 or MEAF6, most notably EPC1 on 10p11 [91]. It has been
reported [87] that the non-rearranged PHF1 allele is suppressed in ESS with PHF1
gene fusions, emphasizing that the SUZ12 and PHF1 polycomb genes may be
functioning similarly in the pathogenesis of ESS. One ESS was shown to harbor a
BCOR-ZC3H7B gene fusion and two cases contained a MBTD1-CXorf67 gene
fusion [98, 99]. The presence of recurrent gene fusions involving the polycomb
genes PHF1, EPC1, MBTD1, or SUZ12, even in the absence of a JAZF1 abnor-
mality, suggests that polycomb genes likely play a significant role in the patho-
genesis of ESS. While a number of other less common cytogenetic aberrations have
been described in ESS, they are outside the scope of this chapter; however, there is
a recent review of the literature on this subject available [100]. Furthermore, a

5’ JAZF1
3’ JAZF1

Fig. 11.6 Fluorescence
in situ hybridization (FISH)
for JAZF1. This is a break
apart FISH using the 5′ end of
JAZF1 (green) and the 3′ end
of JAZF1 (red). When the
JAZF1 locus is intact, the
probes overlap producing a
yellow signal. In the example,
the signals are separated,
indicating a break in the gene,
consistent with a
rearrangement
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subset of LGESS with conventional karyotyping has no evidence of chromosomal
rearrangements, as well as no evidence of JAZF1 or PHF1 gene fusions by RT-PCR
or FISH, suggesting that some of the molecular alterations in these tumors have not
yet been discovered or may be too small to detect with these methods.

It is important to remember, particularly when dealing with tumors occurring
outside of the uterus, that JAZF1 and the other described EST-associated gene
rearrangements are not necessarily specific for ESS. JAZF1 rearrangement has been
documented in at least one cardiac sarcoma [101], and many of the other described
gene fusions involving PHF1, EPC1, and BCOR have been described in a signif-
icant number of ossifying fibromyxoid tumors [102].

Other Molecular Characterizations of ESN and LGESS

Deletion of 7p has been shown in >50% of ESS by array CGH [103]. Loss of
heterozygosity studies are conflicting, with some reports of loss of heterozygosity in
some tumor suppressor genes (including PTEN, TP53, and BRCA) in at least a
subset of ESS [104, 105], while others found no evidence for loss of heterozygosity
in ESS.

Studies have interrogated for APC, CTNNB1, KIT, EGFR, and PDGFR muta-
tions, as well as amplification of EGFR in ESS; none of the tumors included in the
studies had any molecular aberration in these genes [106, 107]. TP53 mutations and
microsatellite instability are not features of ESS [105, 108].

High-Grade Endometrial Stromal Sarcoma (HGESS)

The discovery of recurrent YWHAE-FAM22A/B gene fusions in a subset of
endometrial stromal sarcomas that are associated with a clinical outcome inter-
mediate between that of LGESS and undifferentiated uterine sarcoma has led to the
reintroduction of high-grade ESS (HGESS) in the most recent WHO blue book [21,
109, 110]. These tumors lack the typical morphology of EST in that they do not
resemble non-neoplastic endometrium, lack CD10 expression, and have high-grade
atypia (Fig. 11.7). In some cases (but not all), these tumors appear to be associated
with more typical appearing areas of LGESS [111, 112]. YWHAE rearrangements
have not been found in other gynecologic tumors and FISH, and/or RT-PCR studies
may serve as a useful adjunct to the histologic diagnosis [113, 114]. CyclinD1
immunohistochemistry may be used as a marker for YWHAE rearrangement [88,
112], although this is not entirely sensitive or specific, particularly when consid-
ering undifferentiated endometrial carcinoma and tumors outside the gynecologic
tract (clear cell sarcoma of kidney) [115–118].
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Other Molecular Features of HGESS

Based on immunohistochemical studies, there is no evidence of TP53 mutation (via
protein overexpression or complete lack of expression) in ESS. [114]

Undifferentiated Uterine Sarcoma

Undifferentiated uterine sarcoma (UUS) is a heterogeneous group of tumors, and to
some degree may represent various dedifferentiated forms of specific uterine sar-
comas (adenosarcoma, endometrial stromal sarcoma, carcinosarcoma, leiomyosar-
coma, etc.). This is supported by the finding of small subsets of UUS harboring
genetic alterations characteristic of LMS, or alternatively harboring gene fusions
reported in ESS [119]. Regardless, these tumors have lost any morphologic evidence
of differentiation and tend to be histologically pleomorphic and cytogenetically
complex [103]. In practice, the diagnosis of UUS should only be made after extensive
sampling of the tumor, to exclude a recognizable line of differentiation that aids the
diagnosis. TP53 mutations are not uncommon in UUS, in contrast to endometrial
stromal neoplasms [119], suggesting that those UUS with TP53 mutation have no
relationship with ESS, or that they have acquired a secondary TP53 mutation.

One study interrogated for KIT, EGFR, and PDGFR hot spot mutations, as well
as amplification of EGFR in UUS; none of the tumors included in this study had
any molecular aberration in these genes [107]. In an array CGH study on
endometrial sarcomas, a large number of copy number alterations in UUS are
described, including gain of 7p in a subset [103].

A small subset of what has been previously published as undifferentiated uterine
sarcoma (“uniform type”) may harbor YWHAE rearrangement, which raises the
possibility that some UUS represent dedifferentiated ESS.

Fig. 11.7 High-grade
endometrial stromal sarcoma
is composed of uniform,
plump, epithelioid cells
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Uterine Tumor Resembling Ovarian Sex Cord Tumor
(UTROSCT)

UTROSCT is a rare tumor of the uterus that morphologically resembles various
components of sex cord stromal differentiation typically seen in the ovary [120–
122] (Fig. 11.8), including Sertoli cell, granulosa cell, and Leydig cell differenti-
ation. These tumors are typically recognizable on histologic grounds, and
immunohistochemically they are positive for inhibin and CD99 among other
markers [121–126]. Diagnostic difficulty with this tumor typically involves dis-
tinguishing UTROSCT from other mesenchymal tumors of the uterus with sex cord
differentiation.

Little is known about the molecular features of UTROSCT. The karyotype of one
case has been reported, which revealed two balanced translocations t(X;6) (p22.3,
q23.2) and t(4;18) (q21.1;q21.3) [127]; however, no recurrent or specific molecular
alterations have been described in this tumor. UTROSCT is known to lack JAZF1
and PHF1 gene fusions [128–130] and also lack FOXL2 and DICER1 mutations
[131, 132], which are mutations found in some ovarian sex cord stromal tumors.

Mullerian Adenosarcoma

Mullerian adenosarcoma (MA) is a mixed tumor of the female genital tract, con-
taining malignant mesenchymal and benign epithelial components (Fig. 11.9),
comprising <1% of all uterine tumors [133, 134]. It most frequently occurs in the
uterus, but may occur anywhere within the female genital tract and even outside of
the female genital tract, presumably arising from endometriosis. Various diagnostic
difficulties may be associated with MA, and broadly the differential diagnosis may
include benign endometrial polyps, embryonal rhabdomyosarcoma,

Fig. 11.8 Uterine tumor
resembling ovarian sex cord
tumor (UTROSCT) may
demonstrate a variety of
patterns, all mimicking
various ovarian sex cord
stromal tumors. In this
example, the nuclei are bland,
overlapping, and demonstrate
nuclear grooves
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carcinosarcoma, and endometrial stromal sarcoma. There have been few studies to
date on the molecular features of MA, but it is known that TP53 mutations are
uncommon in MA, and when present are almost always associated with sarco-
matous overgrowth, a poor prognostic indicator [135–137]. High-level copy
number gains of MYBL1 are seen in a subset of MA, most often associated with
sarcomatous overgrowth. Low-level amplification of MDM2 has also been descri-
bed in MA, unrelated to sarcomatous overgrowth. ATRX mutations were identified
in a subset of MA, which may be associated with loss of expression of ATRX by
IHC. Other recurrent mutations described in MA include FGFR2, KMT2C, and
DICER1, with DICER1 mutations present only in MA exhibiting rhabdomyosar-
coma differentiation [136]. Few gene fusions have been described in MA, but small
numbers of cases with NCOA2/3 expressed gene fusions have been described [136].
Further studies are warranted to further elucidate the molecular characteristics of
MA with diagnostic and prognostic significance.

Inflammatory Myofibroblastic Tumor

Inflammatory myofibroblastic tumor (IMT) is more commonly seen in extra-uterine
sites [138], but has been described in the uterus [139]. It was initially thought to
represent a reactive, “pseudo-neoplastic” process, but has since been shown to be
neoplastic with potential for aggressive clinical behavior. Histologically, IMT is
characterized by frequent myxoid stroma and a mixture of spindled (predominant)
and epithelioid tumor cells admixed with a variable number of inflammatory cells
(typically plasma cells and lymphocytes). There can be significant morphologic
overlap with myxoid LMS and other smooth muscle neoplasms. The molecular
alteration most characteristic for IMT is rearrangement of the ALK gene at 2p23.
This results in overexpression of ALK that may be detected by

Fig. 11.9 Mullerian
adenosarcoma is characterized
by broad leaf-life projections
into cystic spaces, stromal
condensation under the
epithelial component, and
variable cytologic atypia and
mitotic rate
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immunohistochemistry [140–143]. Although ALK-negative IMT is readily accep-
ted outside the uterus, ALK-negative IMTs have rarely been described in the uterus,
in part due to morphologic overlap and inability to reliably distinguish IMT from
the much more common uterine smooth muscle tumors [140]. Similarly, ROS1-
rearranged IMT has been described in other viscera/soft tissue sites, but has yet to
be documented in the uterus [144, 145].

Embryonal Rhabdomyosarcoma

Embryonal rhabdomyosarcoma (ERMS) is an uncommon uterine tumor that most
frequently occurs in the uterine cervix [146–148]. Histologically, it has similar
features to embryonal rhabdomyosarcoma of soft tissue and other sites; namely,
alternating hypocellular and hypercellular primitive appearing spindled cells that
frequently condense underneath surface epithelium to form a “cambium” layer.
Tumor cells may demonstrate striation (“strap” cells), and often islands of carti-
laginous differentiation may be present. This tumor may be difficult to recognize,
particularly in older women, and there can be morphologic overlap with
adenosarcoma and poorly sampled carcinosarcoma, both of which may have
rhabdomyosarcomatous differentiation. The only well-characterized molecular
alteration in ERMS is DICER1 mutation, which may occur as either germline or
somatic inactivation [148–151]. DICER1 is involved in miRNA processing and its
inactivation is likely a key step in the pathogenesis of ERMS. No studies to date
have evaluated for the presence of DICER1 mutations in other tumors demon-
strating rhabdomyosarcomatous differentiation, aside from the aforementioned
adenosarcoma [136].

Other

A number of other mesenchymal tumors may occur in the uterus, such as solitary
fibrous tumor [152–155], Ewings/PNET [156–167], synovial sarcoma [168], and
alveolar soft part sarcoma [169–178], among others. These tumors appear to share
the same molecular alterations as those occurring in soft tissue and other anatomic
sites, and thus will not be discussed in greater detail.
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Part IV
Cervical Carcinomas



Chapter 12
Molecular Pathology of Cervical Dysplasia
and Carcinoma

Yimin Ge and Ming Guo

The incidence of cervical cancer and its associated mortality rate have declined
significantly over the past 40 years in developed countries, primarily due to suc-
cessful screening using the Papanicolaou test. Once the most common cancer
affecting women in the USA, in 2011, the number of new cases dropped to 12,109
with 4092 deaths [1]. However, globally, cervical cancer still remains a significant
threat to women’s health, especially in regions with lower average income and
fewer resources such as sub-Saharan Africa. Cervical cancer is the fourth most
common cancer (after breast, colorectal, and lung cancers) and the fourth most
common cause of cancer death for women (266,000 deaths in 2012), with 528,000
new cases diagnosed worldwide each year [2]. Most strikingly, there is an 18-fold
variation in mortality rates between different regions of the world, with nearly nine
of ten deaths (87%) due to cervical cancer occurring in less developed regions [3].

The majority of cervical cancers in the USA are carcinomas (98.1%), including
squamous cell carcinoma (SCC, about 65%), adenocarcinoma (about 28%), and a
small fraction of uncommon histologic types [4]. In the past two decades, significant
advances have been made in the prevention and treatment of cervical cancers owing
to landmark findings about the causative role of human papilloma virus (HPV) in
cervical cancers and precancerous lesions [5]. Virtually, all cervical cancers result
from persistent infection by one or more HPV genotypes, primarily those classified
by the International Agency for Research on Cancer (IARC) as groups 1 and 2a
(conventionally referred as high-risk HPV, hrHPV) [6–8]. Complex genetic and
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epigenetic changes occur as a result of HPV infection leading to the transformation
of cervical epithelial cells to precancerous lesions and eventually to cancer.

HPV vaccines promise to have a dramatic impact on the development of pre-
cancerous cervical lesions and the prevention of cervical cancer. Both bivalent
(Cervarix) and quadrivalent (Gardasil) vaccines contain L1 capsid proteins from the
two most prevalent genotypes of hrHPV (16 and 18), which are responsible for
more than 70% of cervical cancers worldwide. High efficacies of the vaccines
against cervical precancerous lesions and cancer associated with HPV16/18 have
been determined in multiple trials since the FDA initially approved the vaccines in
2006 [9–12]. In 2014, the FDA approved a nonavalent HPV vaccine (Gardasil 9),
which has demonstrated equivalent protection against the four genotypes in the
quadrivalent vaccine (Gardasil) and has high protective efficacy against five addi-
tional hrHPV genotypes, namely 31, 33, 45, 52, and 58. Promising results also have
been obtained from trials conducted with a new generation of vaccines, including
L2 vaccines with the potential advantage of broad-spectrum protection, and ther-
apeutic vaccines targeting peptides E6 and E7 that are critical in tumorigenesis [13,
14]. The data acquired from the studies demonstrated a dramatic reduction in the
rates of HPV-related cervical precancerous lesions and cancer in regions with high
vaccination coverage such as Australia, where a publicly funded national HPV
vaccination program has been implemented [15, 16]. Worldwide, however, low
vaccination coverage rates are still recorded in many regions [17] and remain a
significant challenge due to health system deficiencies and the patients’ attributes
[18]. The implementation of the effective two-dose scheme (rather than three doses)
and the extension of vaccination to men should enhance the coverage of the pop-
ulation and further contain HPV-associated malignancies.

The present chapter will discuss the molecular basis of the pathogenesis, diag-
nosis, prognosis, prevention, and treatment of cervical cancers and their precursor
lesions with an emphasis on HPV-driven neoplasms of the cervix.

Molecular Biology of Cervical Cancer and Precursor
Lesions

Classification of HPV

More than 40 HPV genotypes can infect the epithelial cells of the female genital
tract. In 2012, the expert working group at IARC recommended the categorization
of HPV genotypes into four groups based on their carcinogenicities: carcinogenic
(group 1), probably carcinogenic (group 2A), possibly carcinogenic (group 2B),
and not classifiable (group 3) [19]. Among HPV-positive cervical cancers, 96% are
attributed to the 13 HPV genotypes (commonly referred as hrHPV) from groups 1
and 2A, and 2.6–7% of the genotypes are from group 2B [20]. Only extremely rare
cases are associated with other HPV genotypes.
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Natural History of HPV Infection

HPVs are small, nonenveloped double-stranded DNA viruses that commonly infect
the basal cells through micro-abrasions of the cervical mucosa. The life cycle of the
virus is completed by subsequent expression of viral genes leading to viral DNA
replication and release of infectious virions [21, 22]. Most infections are self-limited
and cleared by the host immune system within 9–12 months [23]. However,
immunity is typically short-lived and ineffective in preventing future infections by
the same or different HPV genotypes [24, 25]. A small fraction of women is unable
to eliminate the virus and thus becomes persistently infected by HPV; this condition
can lead to genetic instability and cell transformation (discussed below).

Persistent HPV Infection and Cell Transformation

HPV infection of basal cells can maintain a stable episomal form as the viral
genome is replicated in conjunction with cellular DNA during the S-phase of the
cell cycle (productive infection). In this form of infection, integration of viral DNA
into the host genome does not occur and infection regresses primarily through
cell-mediated immune responses to the viral oncoproteins E2, E6, and E7. Immune
evasion, however, leads to persistent HPV infection and cervical lesions, which are
crucial steps for HPV-mediated cell transformation that is characterized by an
aborted normal viral life cycle and overexpression of E6 and E7 in proliferative
cells. In turn, the altered expression pattern of E6 and E7 is considered to be a
consequence of viral DNA integration or methylation of viral promoters [26, 27].
Integration of viral DNA into the cellular DNA leads to the destruction of the gene
encoding E2, the product of which plays a crucial role in the HPV vegetative cycle
by suppressing the expression of the E6 and E7 oncoproteins [28, 29].

The primary effect of deregulated E6 and E7 expression is the degradation of the
tumor suppressor genes p53 and pRb leading to uncontrolled cell proliferation [27,
30]. In addition, the oncoproteins E6 and E7 were recently found to have even
broader biological effects on host cells by forming complexes with other proteins
resulting in chromosomal remodeling [31–34]. Furthermore, E6 and E7 can change
cell functions by altering the expression of micro-RNAs (miRNAs) [35–37]. The
overall effect of E6 and E7 overexpression in proliferative cells is chromosomal
instability, which is a pivotal factor for the accumulation of aberrant genes that
eventually lead to malignancy.

Squamo-Columnar Junction Cells

Squamo-columnar junction (SCJ) cells are considered to be highly susceptible to
HPV-mediated transformation, whereas productive infections may exclusively arise
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in ectocervical epithelium [38, 39]. SCJ cells have a gene expression profile
including keratin 7, anterior gradient 2 (AGR2), matrix metalloproteinase 7
(MMP7), and guanine deaminase (GDA) [38]. It was demonstrated that cells with
an SCJ phenotype can be found on the surface of high-grade squamous intraep-
ithelial lesions (HSIL) that share both HPV DNA and p16 immunoreactivity [40].
Studies showed this unique profile is present in cervical cancers, most cervical
intraepithelial neoplasia (CIN) 2 and 3 lesions, and one-third of CIN 1 lesions [38,
41]. Therefore, the identification of transformation zone epithelium in cervical
specimens is critical to ensure accurate interpretation, and effort should be made to
demonstrate a well-visualized transformation zone in the specimen through addi-
tional sections, deeper levels, or re-sampling if necessary.

Genetic and Epigenetic Changes in Cervical Cancers

Chromosomal instability caused by deregulation of E6 and E7 may lead to
numerous host cell aberrations. The E6 and E7 oncoproteins can bind to the tumor
suppressor genes p53 and pRB with high affinity. The result of E6 binding to p53 is
subsequent ubiquitination and degradation, resulting in the loss of function of p53
as a tumor suppressor [42]. The binding of E7 to pRb results in proteasomal
degradation of pRb and disruption of the pRb-E2F complex, leading to a subse-
quent release of free E2F transcription factor and unrestricted proliferation [43]. The
genomic instability may contribute to accumulation of genetic aberrations in the
host cell including DNA mutations, altered copy numbers, deletions, and DNA
methylation.

Chromosomal aberrations: The most frequent copy number changes in cervical
SCC are 3q gain, 3p loss, and 11q loss, whereas 17q gain is most common in
adenocarcinomas [44]. The common alterations in high-grade CIN are gain at 1p and
3q, and loss at 4q, 2q, 4p, 11p, and 3p (in decreasing order) [44]. In these chro-
mosomal aberration regions, novel oncogene eye absent homologue 2 (EYA2) and
tumor suppressor gene mir-375 have been identified in cervical cancers [45–47].

DNA mutations: DNA changes in the PIK3CA signaling pathway are the most
common mutations identified in SCC and adenocarcinoma of the cervix [48, 49].
A lower frequency of epidermal growth factor receptor (EGFR) mutations in SCC
and KRAS mutations in adenocarcinoma has been observed [48]. Other reported
DNA mutations in cervical cancers include the E1a-binding protein 300 (EP300),
F-box and WP repeat domain-containing 7 (FBXW7), HLAB, MAPK1, PTEN,
STK11, nuclear factor erythroid 2-like 2 (NFE2L2), E74-like factor 3 (ELF-3), and
the core-binding factor beta-subunit (CBFB) [49].

Aberrant DNA methylations: Increased DNA methylation of CpG-rich pro-
moters usually represses gene transcription in humans. Aberrant methylation pat-
terns have been observed in many tumor suppressor genes in cervical cancer and
precursor lesions and are often related to cell type [50, 51]. Cell adhesion molecule
1 (CADM1) is the most frequently methylated gene in HSIL, followed by cadherin
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1 (CDH1), death-associated protein kinase (DPAK1), and telomerase reverse
transcriptase (TERT) [50]. In both cervical SCC and adenocarcinoma, the fre-
quently methylated genes are CADM1, CDH1, DPAK1, EPB41L3, FAM19A4,
myelin and lymphocyte (MAL), paired box 1 (PAX1), PR domain-containing 14
(PRDM14), and TERT [50]. In cervical cancer, alterations of DNA methylation in
specific genes such as DAPK1, RARB, WIF1, and SLIT2 may also occur early in
cervical carcinogenesis [52]. In addition, aberrant DNA methylation of DLX4 and
SIM1 has been proposed as predictive markers for disease progression of cervical
low-grade squamous intraepithelial lesion [53].

Recently, HPV DNA methylation has attracted attention due to its role in the
development of cervical cancer. Many studies demonstrated altered methylation
patterns during disease progression, commonly involving the late genes L1 and L2
[54, 55]. Methylation of the E2-binding sites (E2BSs) reduces E2 binding, thus
resulting in deregulated expression of the oncoproteins E6 and E7, [7, 56] which is
considered the key step for cell transformation. Gradual increase of E2BS methy-
lation has been reportedly associated with disease progression, presumably due to
further increase of E6 and E7 expression [54, 55, 57].

Altered micro-RNAs: Micro-RNAs are noncoding regulatory RNAs that are
considered to play an important role in the development and progression of cervical
cancer [58, 59]. Among the large number of altered miRNAs reported in cervical
cancer, only a few have been consistently identified in several studies; these include
up-regulation of miR-15b, miR-16, miR-146a, and miR-155, and down-regulation
of miR-126, miR-143, and miR-145 [37, 60–62]. Although down-regulation of
several miRNAs in cervical cancer can be associated with an increase in promoter
methylation in the respective genes, [58, 63, 64] most miRNA alterations involve
secondary changes of chromosomal aberrations following HPV infection. The
challenges in using miRNAs as cancer biomarkers include independent validation
for a large number of possibly altered miRNAs and determination of their func-
tional relevance in the development and progression of cervical cancer. A recent
study demonstrated that a significant increase in the expression of miR-27a and a
lower level of miR-34a were detected in CIN2 and 3 as compared to CIN1, and in
SCC as compared to CIN2 and 3 [65].

Cervical Cancer Prevention and Risk Profiling

HPV Testing in Cervical Cancer Prevention

High-risk HPV genotypes (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68) are responsible for the development of more than 99% of cervical cancers and
90% of cervical precancerous lesions (i.e., cervical intraepithelial neoplasia grade 2
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or 3) [6, 66, 67]. In the past decade, testing for high-risk HPV genotypes in
conjunction with the Papanicolaou (Pap) cytology test has been recommended and
applied in the USA to increase cervical cancer screening efficacy [68–72]. Prior to
HPV testing, the Pap cytology test was used for cervical cancer screening in the
USA for decades. Although the sensitivity of the Pap test for detecting CIN3+ is
relatively low, it has been a successful cancer screening tool and has significantly
reduced the incidence of cervical cancer in the screened population. Women with a
high risk of CIN2+ are referred for a diagnostic colposcopy/biopsy evaluation.
Once CIN2+ is confirmed on the biopsy, the Loop Electrosurgical Excision
Procedure (LEEP) or a cone excision is recommended to eliminate the CIN2+
lesion [73].

Although both HPV and Pap testing are used for cervical cancer risk prediction,
the implications of the HPV test result and the Pap test result are different. A single
positive HPV test result may not be clinically relevant. HPV is the most prevalent
sexually transmitted pathogen, and HPV infection is very common in young
women [74], but most HPV infections are transient with few clinical implications.
Only a small percentage of women with a persistent high-risk HPV infection are at
risk of developing CIN3+. Epidemiologically, HPV infection in women reaches a
maximum in the mid-twenties and declines with age in the USA, and the incidence
of cervical cancer gradually increases with age [75]. Due to the high prevalence of
HPV and the low incidence of precancerous cervical lesions in young women, HPV
testing is not cost-effective and has a limited predictive value for CIN3+ in women
30 years of age and younger. Consequently, cervical cancer screening via HPV/Pap
co-testing as a means to predict CIN2+ is only recommended for women 30 years
of age and older in the USA [69]. Additionally, HPV testing has been recom-
mended as an adjunct to Pap cytology testing in women exhibiting mildly abnormal
Pap test results in order to achieve optimal efficacy in predicting CIN2+. However,
the combination of HPV and Pap cytology test results, the woman’s age, and
re-screening intervals results in a highly complex screening system for triage and
follow-up [70]. For these reasons, HPV primary screening has been recommended
as an alternative test for cervical cancer screening in the USA [72].

HPV and Pap Cytology Co-testing

HPV and Pap co-testing as a primary screening method in women aged 30 years
and older was recommended by the American Cancer Society (ACS) and the
American Society of Colposcopy and Cervical Pathology (ASCCP) in 2004 [76]. In
2006, the consensus guidelines issued by ASCCP for cervical cancer prevention
reiterated the necessity for HPV and Pap cytology co-testing for women aged
30 years and older with a 3-year screening interval [69]. In the 2012 consensus
guidelines, the screening interval was extended to 5 years [70]. Randomized clin-
ical trials demonstrated that HPV and Pap co-testing increased detection of CIN3
+ and decreased the incidence of CIN3+ during the follow-up periods, findings that
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permitted prolonged screening intervals [77, 78]. Women with negative HPV/Pap
cytology co-testing results have a significantly lower risk of developing CIN3+ as
compared to women with a sole negative Pap cytology result [79, 80]. In addition,
compared to Pap cytology, HPV testing can provide a long-term prediction for the
risk of cervical cancer [81, 82]. The current US guidelines with an extended 5-year
screening interval recommendation are intended to reduce unnecessary follow-up
testing and the associated morbidity and costs, while maintaining testing efficacy
similar to that of using sole Pap cytology testing at a 3-year screening interval.

HPV16/18 Genotyping

During cervical cancer screening using HPV and Pap cytology co-testing, a small
percentage of women have HPV+/Pap-test results. [83] In primary HPV screening,
Pap cytology is used for women with positive HPV test results. Consequently, some
women also have HPV +/Pap-test results. Women with HPV+/Pap-co-testing results
have an increased risk for CIN2+ [84]. However, the risk is not great enough to require
an immediate colposcopic evaluation, and current cervical cancer screening guide-
lines recommend the following: repeat co-testing in 12 months or HPV genotyping
for HPV16 alone or both HPV16/18. If repeated HPV/Pap cytology co-testing or
HPV 16/18 genotyping yields a positive result, the woman is referred for further
evaluation by colposcopy [70]. This indicates that HPV16 is more clinically relevant
than non-16 high-risk HPV genotypes for cervical cancer carcinogenesis.

Data from randomized clinical trials demonstrated that women with HPV16 have
a significantly higher risk of developing CIN3+ than women with non-16 high-risk
HPV genotypes; this indicates that HPV16 is more clinically relevant than non-16
high-risk HPV genotypes for cervical cancer carcinogenesis [66, 85–90]. In
long-term follow-up studies, the risk of CIN3+ was also significantly higher in
women with positive HPV16/18 genotyping than in those with non-16/18 high-risk
HPV genotypes [66, 89, 91]. The clinical relevance of HPV16 justifies reflex
HPV16/18 genotyping for women with HPV+/Pap-co-testing results.

HPV Testing Assays

The FDA has approved HPV testing for cervical cancer screening in the following
clinical settings: reflex HPV testing in Pap cytology specimens with ASC-US,
HPV/Pap co-testing in women aged 30 years and older, and HPV primary
screening. Since 2003, the FDA has approved six commercially available HPV
testing assays for cervical cancer screening (Table 12.1). The Hybrid Capture 2
(HC2, Qiagen, Valencia, CA) was the first FDA-approved HPV assay widely used
in the USA with extensive published technical and clinical studies including several
clinical trials. HC2 can detect 13 high-risk HPV types with a unique design of

12 Molecular Pathology of Cervical Dysplasia and Carcinoma 259



RNA-DNA hybridization for 13 high-risk HPV types. Therefore, it is a
non-PCR-based HPV assay. Despite the fact that the HC2 HPV assay is the most
widely used HPV test to date, it lacks both an internal control for specimen ade-
quacy determination and the capability of HPV16/18 genotyping. The
Cervista HPV HR and Cervista HPV16/18 assays (Hologic, Marlborough, MA) are
also non-PCR-based HPV assays approved by the FDA, but have the advantage of
an internal control and the capability of HPV16/18 genotyping (Table 12.2).

The Cobas HPV assay is a PCR-based test approved by the FDA for HPV/Pap
cytology co-testing (2012) and HPV primary screening (2014). The Cobas HPV is
the only FDA-approved HPV assay for HPV primary screening. One of the
advantages of the Cobas HPV assay is its high degree of automation, which allows
large quantities of Pap specimens to be processed. Another advantage of the
Cobas HPV assay is that HPV16/18 genotyping results are available in the same
testing platform as for high-risk HPV, which allows specific triage for women with
positive HPV16 or 18 during HPV primary screening.

The only HPV testing assays designed to target HPV mRNA are Aptima HPV
and Aptima HPV16 18/45 assays (Hologic, Marlborough, MA). The Aptima HPV
testing assays detect HPV E6 and E7 mRNA and are considered more clinically
relevant than HPV DNA in predicting CIN3+; this is the case because E6 and E7
mRNAs are indicators of active transcription of the HPV E6 and E7 oncogenes.

Table 12.1 Major clinical applications of HPV testing assays approved by FDA

Clinical
applications

2003 2009 2011 2014

Reflex for ASC-US HC2 Cervista HR Cobas, aptima HPV

HPV/Pap co-testing HC2 Cervista HR Cobas, aptima HPV

Reflex HPV16/18 Cervista
HPV16/18

Cobas, aptima HPB16
18/45

Primary screening Cobas

Since Cobas HPV was approved by FDA for all of the applications of HPV testing inSurePath Pap
specimens in 2016. This is the only FDA approved HPV testing assay in SurePath

Table 12.2 The US FDA-approved HPV testing assays

HC2a Cervista HPV Aptima HPV Cobas HPV

PCR-based No No Yes Yes

Amplification Signal Signal E6, E7 RNA E6, E7, DNA

HPV detectionb 13 types 14 types 14 types 14 types

HPV genotyping No HPV16, 18 HPV16, 18, 45 HPV16, 18

Internal controls No Yes Yes Yes

Equivocal zone Yes No No No

Company Qiagen Hologic Hologic Roche
aHybrid capture 2
bHPV types: 13 high-risk HPV types: HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68.
14 high-risk HPV types: HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68
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Aptima HPV assays are highly automated with the ability to detect HPV16,
HPV18, and HPV45 genotypes.

In situ hybridization (ISH) has also been used in cervical tissue examination to
determine HPV status [92, 93]. As the ISH assay is a signal-amplification based
assay, it can be performed on small tissue specimens; it provides the advantage of
successful testing in cases with insufficient DNA, which is not possible with
PCR-based HPV testing [93]. To date, studies using ISH in Pap cytology specimens
showed relatively low sensitivity [94].

Tumor Markers in Pap Cytology for Cervical Cancer
Screening

High-risk HPV infection in the basal layer of cervical squamous cells can induce
disruption of the cell cycle, resulting in cell proliferation and immortalization.
Increased expression of the oncoproteins E6 and E7 related to high-risk HPV can be
detected when HPV integration into the host genome occurs. The E7 oncoprotein
can bind and inactivate pRB leading to E2F activation. These reactions induce
expression of S-phase genes such as encoding minichromosome maintenance pro-
teins (MCMs), TOP2A, Ki-67, p14, and p16, which are associated with cell pro-
liferation; p16 is a regulatory protein controlling S-phase progression. These S-phase
gene products can be detected in CIN3+ by immunostaining. In the last decade,
multiple regulatory gene products have been evaluated as markers in Pap cytology
specimens for predicting CIN3+ [95]. The markers that have been most frequently
evaluated include p16, MIB-1 (Ki-67), and MCM2/TOP2A (ProExC, BD).

Immunostaining for P16, MIB-1, and MCM2/TOP2A (ProExC) in Pap
Cytology Specimens

Immunostaining for a single marker (p16) or combined markers (p16/Ki-67,
MCM2/TOP2A) has been evaluated in Pap specimens, predominantly liquid-based
cytology specimens, to assist in CIN3+ prediction. Most studies were designed to
compare immunostaining with HPV test results for predicting CIN2+. Because a
positive result from the S-phase biomarkers is more specific than a positive HPV
result in predicting the risk for CIN3 progression, these biomarkers have the
potential to improve the predictive value of HPV testing or possibly replace Pap
cytology for risk profiling. However, practically, it is difficult to standardize the
immunostaining methods used for Pap cytology specimens and the interpretation of
the results, in particular the ‘cutoff’ for a positive result. Interpretation of
immunostains in Pap cytology specimens may be the major obstacle to using
immunostaining for predicting CIN2+. Interpreting the significance of a few pos-
itively stained cells can be challenging because of the frequent occurrence of
staining of nondysplastic cells, such as endocervical or metaplastic cells [96].
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In cervical biopsies, p16 immunostaining is used as a surrogate marker of
high-risk HPV to help confirm CIN2 or CIN3. In Pap cytology specimens, p16 is
the most studied immunostain for prediction of CIN3+. Meta-analysis studies have
demonstrated higher specificity, but lower or comparable sensitivity of p16 in
predicting CIN2 + compared to HPV testing [95, 97]. In a recent study with a large
cohort, p16 immunostaining had significantly lower sensitivity but higher speci-
ficity for CIN3+ compared to HPV assays such as HC2 and Cobas HPV [98]. To
improve the efficacy of p16 immunostaining for CIN3+ prediction, MIB-1 (Ki-67)
has been added as a dual test. In cervical biopsies, dual p16/Ki-67 immunostaining
has been used to verify or resolve controversial morphologic interpretations of
CIN2+. ProExC is a commercially available cocktail that contains two monoclonal
antibodies for MCM2 and TOP2A, regulatory proteins of DNA replication. In
cervical specimens, the distribution of ProExC staining is reported to be closely
associated with CIN3+ [99]. Similar to p16, ProExC in Pap cytology specimens has
comparable or lower sensitivity, but higher specificity than HPV testing for CIN3+
[95]. However, immunostaining with ProExC also can have nonspecific staining,
potentially leading to false-positive results [96]. To date, none of these biomarkers
have been used clinically for screening.

Methylation Markers

Aberrant DNA methylation during cervical carcinogenesis and in high-risk HPV
has been evaluated as potential markers for prediction of CIN3. In Pap cytology
specimens, multiple DNA methylation markers have been evaluated, including
methylation markers in promoter regions of tumor suppressor genes (CADM1,
MAL, PAX1, SOX1, and FAM19A4) [100–102]. Methylation in high-risk HPV
such as HPV16, 18, 31, and 33 also has been evaluated for cervical cancer risk
prediction [103, 104].

Compared to Pap cytology, combined CADM1 and MAL methylation markers
have shown higher sensitivity for CIN+ [105]. Combined CADM1/MAL methy-
lation markers have also shown efficacy comparable to Pap/HPV16/18 co-testing in
predicting CIN3+ [106].

Additionally, several methylationmarkers have higher specificity for CIN3+when
used individually. PAX1 and SOX1 are reported to be highly specific for CIN3, and
when combined they have similar sensitivity and higher specificity for CIN3+
compared to Pap/HPV co-testing [107]. High specificity for CIN3+was also observed
for FAM19A4 methylation [108]. Recently, in an HPV primary screening study,
molecular triage using methylation markers was evaluated. When combined
methylation markers MAL/miR124-2 were compared to Pap cytology triage results
for women with positive HPV, a similar detection rate for CIN2+ was observed in
women with positive HPV16 results, and methylation of the L1 and L2 genes of
HPV16 was reported to be highly associated with CIN3+ [109]. In summary, these
approaches hold the potential to replace Pap cytology testing as the triage tool in
cervical cancer screening in the future.
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Molecular Basis of Emerging Biological Treatment
for Cervical Cancers

Despite efforts at prevention and early diagnosis of cervical cancer through the
implementation of HPV vaccination and screening with the Papanicolaou and HPV
tests, approximately 5% of women in North America have stage IV disease at the
time of cervical cancer diagnosis [110]. Although the prognosis is favorable for
early stage cervical cancer, the 5-year survival rate for women with cancer that has
spread beyond the pelvis is only 17% [111]. During the past two decades,
platinum-based chemotherapy with or without external beam radiation therapy has
been the cornerstone treatment for recurrent, metastatic, or persistent cervical cancer
[112]. Other cytotoxic drugs have also been studied as therapeutic agents, but the
results were largely unsatisfactory. During the last decade, recognition of the car-
cinogenic effect of HPV and increased understanding of the biomolecular events
following HPV infection have provided a strong foundation for the development of
new drugs and innovative therapies. Recently, promising results have been reported
from studies of molecular agents targeting critical pathways in cervical cancer
[113]. Table 12.3 summarizes potential molecular therapeutic agents for cervical
cancer currently under evaluation.

Anti-Angiogenic Agents

Overexpression of vascular endothelial growth factor (VEGF) is associated with
advanced stage and poor prognosis in cervical cancers [114–116]. E6-mediated p53
degradation results in up-regulation of a series of pro-angiogenic activities
including the increase in VEGF [117]. The VEGF pathway may be blocked through
either extracellular interference with VEGF itself via antibodies (bevacizumab or
aflibercept) or by intracytoplasmic inhibition of the VEGF receptor tyrosine kinase
(RTK) with drugs such as pazopanib, nintedanib, cediranib, sunitinib, and sor-
afenib. An alternative approach is the use of a fusion protein that prevents the
interaction of angiopoietin with the Tie2 receptor on endothelial cells.

Bevacizumab (Avastin) was the first clinically available humanized monoclonal
antibody against VEGF-A. A phase II trial evaluating bevacizumab as a single agent
in recurrent cervical SCC showed a response rate of 11%, a no-progression rate of
24% at 6 months, a median progression-free survival (PFS) of 3.4 months, and a
median overall survival (OS) of 7.2 months [118]. Further phase III trials showed
that addition of bevacizumab to combination chemotherapy for patients with
recurrent, persistent, or metastatic cervical cancer was associated with an
improvement of 3.7 months in the median OS, with beneficial effects in patients who
had been previously treated with platinum or irradiation [119]. Regimens consisting
of bevacizumab with irradiation and/or various cytotoxic agents are being currently
evaluated and have exhibited promising preliminary results [120–123]
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EGFR RTK inhibitors such as sunitinib, sorafenib, imatinib, pazopanib, and
cediranib are new anti-angiogenic agents under investigation for cervical cancer.
Monotherapies using sunitinib and imatinib for advanced cervical cancer showed no
response with adverse side effects [124, 125]. A phase II trial conducted for pazo-
panib as a single agent for advanced or recurrent cervical cancer showed improved
PFS and OS (median OS 50.7 weeks) with a favorable toxicity profile [126]. Various
combinations of EGFR RTK inhibitors with other treatment modalities
(chemotherapy and radiation therapy) are currently being evaluated [113].

Angiopoietins (ANGPTs) are ligands of the endothelial cell receptor Tie2 and
play an important role in angiogenesis [127]. ANGPTs are elevated in cervical
cancer patients [128] and are capable of promoting tumor angiogenesis in cervical
cancer [129]. Two ANGPT traps, AMG386 and PF-486884, are under development
for cervical cancer treatment [127].

Inhibitors of Epidermal Growth Factor Receptor

The epidermal growth factor receptor (EGFR) family includes HER1 (EGFR),
HER2 (ErbB-2), HER3 (ErbB3), and HER4 (ErbB4). Expression of EGFR can be
stimulated by hrHPV E6/E7, and EGFR is overexpressed in 85% of cervical SCCs
[100, 130]. The expression of HER2 and HER4 is also elevated in cervical cancer
[101]. EGFR expression and co-expression of EGFR and HER2 are associated with
poor prognosis in cervical cancer patients due to modulation of tumor chemosen-
sitivity and radiosensitivity [102, 103].

EGFR-family inhibitors that are being evaluated for the treatment of cervical
cancer include gefitinib, erlotinib, cetuximab, lapatinib, trastuzumab, and panitu-
mumab [113]. An in vitro study showed that erlotinib prevented hrHPV-induced
immortalization of cultured human cervical epithelial cells and stimulated apoptosis
in cells that expressed the HPV-16 E6/E7 oncoproteins [104]. However, no increase
in survival was observed in trials using gefitinib, erlotinib, or cetuximab as single
agents in the treatment of advanced or recurrent cervical cancer [131–133]. A study
using cetuximab together with cisplatin and topotecan demonstrated an objective
response rate of 32%, but concerning toxicity was also observed [134]. Various
regimens involving EGFR inhibitors with cytotoxic agents and/or radiation therapy
are currently under investigation [113]. Anti-HER2 treatment most likely has
limited value in cervical cancer because it is rarely overexpressed and has con-
troversial prognostic significance [135].

Inhibitors of the Mammalian Target of Rapamycin

The mammalian target of rapamycin (mTOR) is a kinase regulating cell growth and
cell cycle progression. Aberrant activation of the mTOR pathway has been
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observed in cervical cancer as a result of multiple genetic and epigenetic abnor-
malities, as well as interactions between HPV oncoproteins and the mTOR path-
way [136–138]. In a phase II trial using the mTOR inhibitor temsirolimus as a
single agent for recurrent, locally advanced or metastatic cervical cancer, modest
activity was observed with about two-thirds of the patients exhibiting disease
stability [139]. Further clinical trials with or without chemoradiation are currently
underway.

Demethylating Agents

Aberrant methylation of multiple genes has been linked to carcinogenesis in cer-
vical cancer. These genes include the CpG island of p16, fragile histidine triad
(FHIT) tumor suppressor gene, retinoic acid receptor beta, E-cadherin
anaphase-promoting complex (APC), and Ras family of genes [140]. Aberrant
hypermethylation of the mitotic checkpoint gene CHFR correlates with lack of
sensitivity to taxanes in cervical cancer cells [141]. On the other hand, it has been
reported that aberrant DNA hypermethylation of the WRN gene increased the
sensitivity of cervical cancer cells to the topoisomerase I inhibitor CPT-11 [140].
Demethylating agents, such as decitabine (5-aza-2′ deoxycytidine) inhibiting DNA
methyltransferase, have been introduced as new therapeutic agents in cervical
cancer treatment aiming to restore the expression of several tumor suppressor genes
and thus slow cell proliferation [142].

Proteasome Inhibitors

HPV E6-induced degradation of p53 is critical in cervical cancer oncogenesis,
which is brought about by ubiquitin-mediated proteasomal degradation [143].
Functional restoration of wild-type TP53 can be achieved by conventional therapy
with cisplatin or radiation treatment. A novel approach to restore wild-type TP53 is
to prevent ubiquitin–proteasome degradation by proteasome inhibitors [144].
Several promising proteasome inhibitors such as MG132, bortezomib, and lopinvir
have been tested on cervical cancer cell lines; the therapeutic mechanisms involve
increased p53 levels and transcription, induction of apoptosis, and synergism with
cisplatin. The recombinant adenovirus-p53 (rAD-p53), which was designed to
increase the level of functional intracellular p53, is being evaluated with
chemotherapy for locally advanced cervical cancer in a phase II trial [145–148].
The results from a recent study suggest that the effect of rAd-p53 in inhibiting
HeLa cell proliferation and induction of apoptosis are mediated by down-regulation
of VEGF [149].
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Micro-RNAs and Short Interfering RNAs

Micro-RNAs (miRNAs) arrest translation of targeted mRNA and regulate multiple
oncogenic pathways [150]. Short interfering RNAs (siRNAs), which mimic
miRNAs, may also inhibit the translation of targeted mRNA. In vitro and in vivo
studies showed that therapeutic siRNA specific for HPV E6 and E7 oncoproteins
exerts their inhibitory effects in cervical cancer cells by silencing transcription of
these genes, thus restoring p53 and Rb functions [151–154]. In light of the previous
encouraging preclinical data, several technical issues related to clinical adminis-
tration of siRNAs are under evaluation.

Antioxidants

Oxidative DNA damage is most likely elevated during HPV-driven carcinogenesis
of the cervix, and progressive elevation of the oxidative stress marker 8-OHdG was
observed during progression from normal tissue to dysplasia and cancer in the
cervix [155]. Polyphenols, which are antioxidant agents, have been shown to
inhibit proliferation of HPV-positive cancer cells, to induce apoptosis, and to
enhance chemosensitivity in cervical cancer cells [156]. Antioxidants appear to act
at several steps in the cascade of cell transformation promoted by HPV infection,
and thus may hold great potential for prevention and therapy of cervical cancer
[157].

Cyclooxygenase-2 Inhibitors

Cyclooxygenase (COX-2) is involved in inflammatory processes and is frequently
expressed in cervical intraepithelial lymphocytes (IELs) and cancers [158].
The HPV oncoproteins E5, E6, and E7 increase transcription of COX-2, which is
associated with inhibition of apoptosis, active angiogenesis, and reduced
radiosensitivity [159–162]. Cervical cancer biopsies from COX-2-treated patients
showed decreased COX-2, Ki-67, CD31, and microvessel density and increased
prostaglandin E2 (PGE2) levels [163]. However, a phase II trial on locally
advanced cervical cancer treated with chemoradiation in combination with a COX-2
inhibitor (celecoxib) recorded cardiotoxicity and fistula formation without any
beneficial activity [164]. Although no significant benefits have been reported from
the use of COX-2 inhibitors as radio-sensitizers in cervical cancer, their potential
application in targeting cervical IELs has been proposed as this route may play a
role in cancer prevention [165].
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Anti-viral Agents

Anti-viral agents have been considered for therapy in cervical cancer. Their mode
of action involves interruption of HPV-induced carcinogenesis via inhibition of the
oncoproteins E6/E7 or interference with oncoprotein functions [154, 166, 167].
Alternatively, agents designed to interfere with oncoprotein E1/E2 functions also
have shown an inhibitory effect on HPV replication. The anti-HIV drug lopinavir
has been shown to inhibit cervical cancer cells by interacting with p53 [168], a
result indicative of its potential clinical application. A phase II trial conducted for
paclitaxel, 13-cis retinoic acid [169], and interferon alfa-2b in the treatment of
advanced stage or recurrent cervical cancer showed a median PFS of 3.4 months
and an OS of 11.2 months [169]. In addition, topical application of the
broad-spectrum anti-viral agent cydofovir has been under evaluation for high-grade
cervical dysplasia [170].
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