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Many malignancies have a morphologically recognizable precursor lesion, a
fact that at least theoretically offers the opportunity to intercept the malig-
nancy before its development or to diagnose and treat it at an early stage. The
cervix represents an enduring model for using precancerous lesion-centered
screening and management programs to reduce the mortality and morbidity
associated with a cancer. In the larger female genital tract, precancerous and
putative precancerous lesions abound, and the past several years has seen the
description of new lesions as well as an evolution in our diagnostic approach
to, and understanding of, the long-existing ones. In this book, we aim to pro-
duce a comprehensive overview of precancerous lesions of the gynecologic
tract, authored by an international group of authors well versed in the various
areas. The chapters are arranged in broad, organ-based subsections that
should facilitate their review. Contributors were encouraged to discuss lesions
that are well established as precancerous lesions, such as the squamous
intraepithelial neoplasms of the lower genital tract as precursors of squamous
cell carcinomas at these sites, as well as the more newly reported putative
precursors, such as atypical lobular endocervical glandular hyperplasia as a
precursor for cervical adenocarcinomas exhibiting gastric differentiation. In
each chapter, emphasis is placed on diagnostic pathology as well as on those
aspects of their molecular pathology that may illuminate the pathogenesis of
each lesion described. There is a separate chapter on the cytopathology of
precancerous lesions in the cervix, and there are two chapters on the clinical
management of precancerous lesions in the gynecologic tract. It is my hope
that this text will be a valuable resource to gynecologic pathologists, resi-
dents, students, and other interested medical practitioners on the current state
of knowledge on precancerous lesions of the gynecologic tract.

San Diego, CA Oluwole Fadare, MD
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Abbreviations

BRCAL Breast cancer 1, early onset

BRCA2 Breast cancer 2, early onset

Cal25 Cancer antigen 125

FTE Fallopian tube epithelium

HGSC High-grade serous carcinoma

LGSC Low-grade serous carcinoma

MEP Mucosal epithelial proliferation

OSE Ovarian surface epithelium

PTEN Phosphatase and tensin homolog

Rbl Retinoblastoma 1

RRSO Risk-reducing salpingo-oophorectomy

SCOUT Secretory cell outgrowth

SEE-FIM  Sectioning and extensively examin-
ing the fimbriated end

STIC Serous tubal intraepithelial carcinoma

STIL Serous tubal intraepithelial lesion

TP53 Tumor protein p53
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Introduction

High-grade serous carcinoma (HGSC) is the most
common and deadliest of epithelial ovarian can-
cers, accounting for about 70 % of all ovarian car-
cinomas and approximately 90 % of advanced
stage II/IV ovarian cancers. It is typically diag-
nosed in perimenopausal and postmenopausal
women, presenting with advanced stage disease.
HGSC is not associated with signs or symptoms of
early disease, and there is no effective screening
test that influences long-term outcome. Advances
in primary cytoreductive surgery, improved deliv-
ery of platinum-based first-line chemotherapy,
and development of innovative targeted therapies
have increased the progression-free and overall
survivals, but despite these advances, most patients
eventually recur and die of their disease, with a
60 % mortality at 5 years [1].

A consistent impediment to reducing mortality
in HGSC has been the inability to diagnose HGSC
at an early and potentially curable time in the dis-
ease course. Large trials using both transvaginal
ultrasound and the serum marker CA125 failed to
demonstrate an impact on mortality when using
both modalities for ovarian cancer screening [2].
While new targeted therapies offer promise in the
improved management of HGSC, it is possible
that there will not be a major impact on HGSC
mortality without more effective preventative and

O. Fadare (ed.), Precancerous Lesions of the Gynecologic Tract,

DOI 10.1007/978-3-319-22509-8_1


mailto:patricia.shaw@uhn.ca

P.A.Shaw et al.

Table 1.1 Summary of reported protein expression and genomic alterations demonstrated in the p53 signature, STIL,

and STIC lesions in comparison to HGSC

Serous tubal

P53 intraepithelial lesion Serous tubal intraepithelial High-grade
Alterations signature (STIL) carcinoma (STIC) serous carcinoma
P53 Mutated Mutated Mutated (LOH) Mutated (LOH)
(LOH)
BRCA1/BRCA2 Mutated/LOH Mutated/LOH/
hypermethylated
Genes (FISH) CCNE1 Amp CCNE1 Amp
hTERT Amp hTERT Amp
Protein Pax8*, Up—CCNE]l, pl6, Up—CCNEl, Rsfl, FASN, Up—CCNEl,
expression Bcl2+, stathmin p16, stathmin, HMGA?2, p16, stathmin,
Pax2-, increase in CD68* cells Rsfl, FASN
YH2AX* Down—LKBI1, FoxoA3, Down—LKBI1,
Rbl FoxoA3, Rbl
Chromosomal Deleted—1p31.1, Deleted—2p14, 2q31.1, Extensive
copy number 1q21.1, 6p21.3, 8pl11.2, 3q22.3,3q26.3, 6p21.3, genomic
alterations 11q12.3, 12p13.3, 6pl1.2, 11q12.2-13.3, rearrangements
12q24.3, 15q11.2 18q12.1, 19p13.1, (TCGA 2011)

Amplified—3q26.1,

4q13.2, 14q32.2,
20q13.2

screening modalities. Consequently, there is a
need to understand the molecular and genetic
events which precede clinically evident HGSC.
Until relatively recently, this was a serious chal-
lenge, in large part because there was no known
histological precursor of HGSC. More knowledge
about the classification and the natural history of the
HGSC precursors, now recognized to exist in the
fallopian tube, and their rate of progression to inva-
sive carcinoma, is required before more effective
early detection strategies can be developed [3, 4].

Historical Perspective
Classification of Serous Carcinoma

Until recently, the most common type of (surface)
epithelial ovarian cancer was classified as serous
carcinoma (also known previously as papillary
serous carcinoma, papillary serous cystadenocar-
cinoma) and graded using various three-tiered
systems which were subjective and predicated
loosely on architectural patterns and/or nuclear

20p13-p11.2,22q13.3
Amplified—4p16.3,
8q13.1-q24.3, 10926.3,
11q15.5-15.4, 12a12-13.1,
12q24.33, 12q24.4, 16q13.3
18 19q13.2-13.43

pleomorphism; the Silverberg—Shimizu grading
system did apply objective criteria based on scor-
ing of architecture, nuclear pleomorphism, and
mitotic count. Despite the lack of consistency of
grading, tumor grade was considered to be a prog-
nostic factor in serous carcinoma.

Unlike endometrioid and mucinous carcinoma
histotypes, most cases of serous carcinoma were
not believed to arise in association with serous
borderline tumors. In 1996, Kurman and his col-
laborators described a subset of serous borderline
tumors that were at increased risk of recurrence
and death [5]. The term noninvasive micropapil-
lary carcinoma was proposed to separate these
tumors from the usual type of serous borderline
tumor and to link it to the invasive counterpart, a
cytologically low-grade carcinoma which we
now recognize as low-grade serous carcinoma
(LGSC). Subsequent molecular pathology studies
identified an increased frequency of K-ras muta-
tions in LGSC and its precursors, but not in the
more conventional serous carcinoma, which we
now diagnose as high-grade serous carcinoma [6].
In contrast, mutations of the tumor suppressor
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TP53 were identified in most HGSC, now known
to be present in 98 % of HGSC, but were not seen
in LGSC [7]. At about the same time, Malpica
and Silva described a two-tier grading system
based on cytological atypia and mitotic count
which stratified ovarian carcinoma into two prog-
nostic groups. They also noted the association of
the low-grade tumors with borderline tumors [8].
In light of these findings, Kurman proposed that
serous carcinoma be divided into two distinct
entities with two different pathways of tumori-
genesis. This was the first step in elucidating the
pathogenesis of HGSC.

The dualistic model of ovarian cancer, devel-
oped by Kurman et al., proposed that Type I
cancers, including endometrioid, mucinous, clear
cell, and low-grade serous carcinomas, have a
stepwise progression from benign to borderline
and to carcinomas, are slow growing, are diag-
nosed at an early stage, and have a relatively
indolent course. In contrast, the Type II tumors,
of which high-grade serous carcinoma is the most
frequent example, are aggressive, rapidly grow-
ing, and present at an advanced stage of spread,
with poorly understood precursor lesions [9].
Morphologically, high-grade serous carcinoma
has variable architecture, including the classic
papillary pattern, often with bridging and fusion
of papillae resulting in slit-like spaces, solid,
pseudo-endometrioid glandular pattern, and
transitional-like pattern. Multiple patterns may
exist in any one tumor. All HGSC have high-
grade nuclei and a high mitotic rate, usually with
more than 25 mitoses per 10 high power fields.
Molecularly, unifying features of HGSC include
mutation of the tumor suppressor gene TP53,
chromosome instability, and a high proliferation
rate, frequently associated with alterations of the
retinoblastoma pathway [7, 10, 11].

HGSC Cell of Origin

HGSC has no known morphologic precursor
lesion in the ovary, and therefore, little was
known of the early molecular/genetic events of
serous carcinogenesis, a major obstacle in identi-
fying markers of predisposition or of early stage

ovarian cancer. Epidemiological studies of ovarian
cancer risk factors, such as infertility, and protec-
tive factors, such as increased parity and oral
contraceptive use, suggested that an increased
number of lifetime ovulations may play a role in
the development of ovarian carcinoma [12-15].
The importance of reproductive risk factors
seemed to support the traditional theory of ovar-
ian cancer origin, the incessant ovulation theory,
first proposed by Fathalla in 1971 [16]. In the
absence of native epithelium in the normal ovary,
the ovarian surface epithelium (OSE) was the
favored ovarian cancer cell of origin. OSEs are a
modified mesothelial layer, express calretinin,
are PAXS8 negative, and are non-ciliated, with
few immune cells associated with the monolayer
[17]. It was suggested that with each ovulatory
event, OSE damage and subsequent repair even-
tually led to acquisition of genetic abnormalities
leading to carcinogenesis. This theory required
that OSE undergo metaplasia to an epithelial cell
type prior to the events of malignant transforma-
tion, often within ovarian cortical epithelial
inclusion cysts [18]. In further support of the
OSE cell of origin, there were reports that (1)
atypia (reported as dysplasia or ovarian intraepi-
thelial neoplasia) was present in surface epithe-
lium adjacent to early stage ovarian carcinoma,
(2) an increased number of cortical inclusion
cysts were present in nonmalignant ovaries con-
tralateral to ovarian cancer (histotype not speci-
fied), and (3) OSE adjacent to ovarian cancer had
a higher incidence of metaplastic and hyperplas-
tic changes [19-22]. For the most part, however,
common histological changes associated with
cancer precursors, such as cytological atypia, cel-
lular stratification, and mitotic activity, have not
been identified or of present are extremely rare in
the ovary, indicating that if OSE was indeed the
cell of origin of ovarian serous carcinoma, any
precursor lesion must be very transient or the
molecular progression of the disease is not asso-
ciated with a morphological counterpart. Most of
the publications describing early cancers or non-
invasive cancer precursors within the ovary were
reported prior to the routine histological exami-
nation of the fallopian tube. It is possible that the
few images published purporting to represent
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Fig. 1.1 Normal fallopian a
tube. (a) Single plica of the
tubal fimbria is attached to
the ovarian surface. The
picture insert shows a
higher magnification with a
transition from tubal-type
epithelium (FTE) to
ovarian surface epithelium
(OSE). (b) Normal tubal
mucosa with varied
stratification and a mixture
of ciliated and secretory
cells. (¢) CK7
immunohistochemistry
highlights the distribution
of secretory cells (CK7
positive) and ciliated cells
(CK7 negative)

£, ‘V'I’.-

dysplasia and early intraepithelial carcinoma
within cortical inclusions actually represent can-
cerization of cortical cysts [23].

Convincing evidence in support of the fallo-
pian tube epithelium (FTE) as the cell of origin
emerged as pathologists began to examine the
ovaries and fallopian tubes after risk-reducing
surgery in women at high genetic risk of ovarian
cancer. The two candidates for cell of origin, FTE
and OSE, share common embryological origin,
as well as close anatomic proximity. The
Mullerian duct, which forms the fallopian tube,
uterus, and endocervix, is formed by invagination
of the embryonic coelomic epithelium, which
also gives rise to mesothelium, including the
OSE. The tube, lined by the hormonally sensitive
FTE, has functions in ovum pickup and transport,
facilitation of fertilization, and support of preim-
plantation embryo development in the first days
after fertilization. It is divided into the interstitial
portion (within the uterus), the isthmus, the
ampulla, and the fimbria. Of particular note, and
an important candidate for the source of serous

ERTE L L A

carcinoma, is the FTE covering the fimbria,
which has fingerlike projections in close contact
to the OSE and ovarian surface and directly
exposed to the peritoneal cavity (Fig. 1.1). It is of
interest to note that genetic mouse models delet-
ing BRCA1, Rbl, and TP53 genes from the OSE
resulted in leiomyosarcomas [24] not high-grade
serous carcinoma, and in contrast, targeted dele-
tion of BRCAI, TP53, and PTEN in fallopian
tube epithelia resulted in high-grade serous carci-
noma with phenotypic and genomic alterations
congruous with human HGSC [25].

BRCA and HGSC

A major advance in our understanding of HGSC
tumorigenesis was the discovery in the mid-
1990s that more than 90 % of hereditary ovarian
cancers were associated with inherited germline
mutations of BRCAI and BRCA2. BRCAL/
BRCAZ2 proteins have multiple functions includ-
ing a critical role in the repair of double-stranded
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DNA breaks through homologous recombina-
tion. Loss of either BRCA1 or BRCA2 protein
leads to deficient double-stranded DNA repair,
which in turn increases the risk of chromosomal
rearrangements. The lifetime risk of developing
ovarian cancer is 40-60 % for BRCAI mutation
carriers and 10-20 % for BRCA2. Epidemiological
studies indicated a predominance of HGSC in
hereditary ovarian cancer, with a lack of muci-
nous carcinomas and borderline tumors [26, 27].
Blinded histopathological review using current
definitions of histological classification demon-
strates that the BRCA-deficient cancers are
exclusively HGSC type [28-30].

The efficacy of risk-reducing salpingo-
oophorectomy in women at high risk based on
family history or germline mutations of BRCAI
or BRCA?2 in preventing HGSC has been demon-
strated, reducing the lifetime risk of HGSC to
5 % and decreasing mortality from all causes by
77 % [31, 32]. Because women with BRCA muta-
tions are at the highest risk of developing HGSC,
one might expect that if morphologic precursors
of HGSC exist within the ovary, they would be
detected in prophylactic oophorectomy specimens.
However, a preliminary non-blinded report of
histological features differentiating ‘“‘cancer-
prone” ovaries from ovaries at lower risk was not
validated by other authors in more carefully con-
trolled studies, nor was a reproducible histologic
cancer precursor identified in the ovaries from
high-risk patients [20, 33-38].

The addition of carcinoma of the fallopian
tube to the list of BRCA1-/BRCA2-associated
malignancies led to more comprehensive exami-
nation of the fallopian tube in prophylactic speci-
mens. Support for the role of FTE in HGSC
tumorigenesis was soon discovered, by the dis-
covery of occult carcinomas and descriptions of
putative cancer precursors in the fallopian tube
epithelium [39-46].

Historically, precursor lesions of FTCa were not
well defined, and the terms mucosal epithelial pro-
liferation (MEP), hyperplasia, and dysplasia have
been applied variably in the literature to histologi-
cal lesions of the FT epithelium (FTE). Mild hyper-
plasia of the FTE was reported to be a frequent
finding and considered to be a normal, non-patho-
logic finding, but epithelial proliferation with

nuclear atypia, which was described in moderate
and severe MEP of FTE, was abnormal [47].

The finding of occult cancers and cancer pre-
cursors in the fallopian tubes of women at genetic
high risk of serous carcinoma indicated an impor-
tant and previously unsuspected role of the tubal
epithelium (FTE) in BRCA mutation-associated
serous carcinogenesis. These findings suggested
an etiology of hereditary serous carcinoma other
than that of malignant transformation of OSE
cells. Early spread from a small clinically unde-
tected carcinoma of the tubal fimbria, which is in
direct contact with the peritoneal cavity and with
the ovarian surface, would explain the lack of
early detection by current technologies and the
formation of ovarian masses, because the ovary is
a fertile soil for growth of metastatic carcinomas
from multiple sites. It would also explain the fre-
quent peritoneal spread early in the disease course
and many cases of presumed primary peritoneal
carcinoma. While the observations leading to this
hypothesis pertain to carriers of germline muta-
tions, it seemed possible they would also apply to
the more common sporadic serous carcinomas,
which share molecular alterations with hereditary
epithelial ovarian cancer, including loss of func-
tion of BRCA proteins [10, 48, 49].

High-Grade Serous Carcinoma,
Occult

The rare finding of clinically incidental serous
carcinoma was first reported in 1965 and was
described further in a larger series by Bell and
Scully in 1994[50]. It was noted in these early
reports of “early de novo carcinoma” that despite
the small size of the lesions, present within the
ovarian cortex or on the ovarian surface and mea-
suring up to 7 mm, an adverse outcome including
recurrence and death was possible. The increase
in prophylactic surgery in mutation carriers and
the more comprehensive histological examina-
tion of salpingectomy specimens in recent years
has led to the discovery of an increasing number
of low-volume cancers at an early stage.

By definition, occult carcinoma is not detected
preoperatively, and transvaginal ultrasound and
serum CA125 are frequently reported as normal
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Fig. 1.2 Occult invasive carcinoma. (a) High-grade
serous carcinoma in the tubal fimbria, measuring 1.6 mm,
with adjacent serous tubal intraepithelial carcinoma.

within the year prior to risk-reducing salpingo-
oophorectomy (RRSO). The first reports of
occult carcinoma in BRCA mutation carriers indi-
cated a range of 2.3-10.4 % incidence of occult
carcinoma at the time of RRSO, and there was a
surprisingly high incidence of carcinomas involv-
ing the distal end, fimbria, of the fallopian tubes
[41, 45, 51, 52]. Ovarian involvement was also
detected, but, in at least some of the cases, if the
tube was carefully examined, the ovarian involve-
ment was metastatic from the fallopian tube
(Fig. 1.2). The frequency is higher in reports
when examination of the fallopian tubes and ova-
ries is performed by meticulous fine sectioning
and by consistent review limited to gynecologic
pathologists at a single institution and lower in
multi-institution studies without centralized
pathology review. The incidence also varies with
age of the patient at the time of RRSO and is
more frequent with documented germline muta-
tions of BRCA1/BRCA2 and more frequent with
BRCA1 than BRCA?2 mutations; it varies with the
type of mutation (known deleterious, etc.) and,
according to some studies, on whether the patient
has a prior history of breast cancer [53, 54].

Macroscopic
In the majority of cases, careful macroscopic

examination will be unremarkable, but if visible,
small pale nodules may be detected involving the

(b) Surface deposits of carcinoma on the ipsilateral ovary.
The patient was a 44-year-old BRCA1 mutation carrier.
Reprinted with permission [45]

fimbria, distal fallopian tube, or ovary, usually
the ovarian surface. Most cases involve the fallo-
pian tube or the fallopian tube and ovary, with a
minority of cases involving only the ovary. Even
though these tumors are not detected clinically,
the stage of the carcinoma ranges from stage 1A
to 3C [32, 51, 55, 56].

Microscopic

Occult carcinomas in RRSO specimens are
usually HGSC [45, 54, 55]. Like clinically evi-
dent HGSC, architectural features vary, but
they often have a mixed solid/papillary architec-
ture. Because many of the carcinomas involve
the distal end of the fallopian tube, there may
also be deposits of tumor on the ovarian surface
(Fig. 1.2).

Outcome

The carcinomas involving the fimbria, which
are in close contact with the ovarian surface and
are directly exposed to the peritoneal cavity,
may be associated with microscopic spread to
the ipsilateral ovary and the peritoneal cavity
and have a significant risk of recurrence,
reported to be as high as 43 %, despite the small
size of the primary tumor [56, 57]. It is possible
that undetected occult tubal carcinoma account
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for a significant proportion of cases diagnosed
as primary peritoneal carcinoma in women with
germline mutations. There have been few stud-
ies documenting the follow-up of patients pre-
senting with occult, low-volume disease, but it
appears that even with early stage, low-volume
disease, and with adjuvant chemotherapy, there
is still a significant risk of recurrence [57].
Peritoneal spread may be present with a distal
tubal carcinoma of only a few millimeters maxi-
mum dimension [45].

Molecular Pathology

HGSC is a genetically unstable tumor, charac-
terized by a varied histomorphology unified by
marked pleomorphism, a high mitotic rate, and
biomarker expression reflective of the most
common molecular alterations. The latter
includes the near-ubiquitous presence of a
mutation in the tumor suppressor p53 (TP53),
resulting in either overaccumulation of p53
protein by immunohistochemistry (mis-
sense—60 % of analyzed cases) or complete
loss of protein expression (frameshift/splicing
junctions/nonsense —39 % of analyzed cases).
Mutations of p53 are already present in early
stage HGSC, and mutant 7P53 is likely an
essential driver mutation required for the early
pathogenesis of HGSC. HGSC demonstrates
widespread intratumoral heterogeneity in muta-
tion, copy number, and expression profiles,
indicating complex and highly individual evo-
lutionary routes in HGSC progression. The
only somatic mutation present within all sam-
ples, i.e., common in multiple tumor sites and
in multiple tumor patients, was TP53 mutation;
TP53 mutation, the most stable genomic fea-
ture of HGSC, appears to be the common route
to malignant transformation [58].

Recently, Hunter and colleagues reported no
difference in the level of genomic aberration
observed in early low-volume occult tubal carci-
nomas compared with high-grade serous carcino-
mas, suggesting that, at least in BRCA1/BRCA2
mutation carriers, genomic instability is an early
event in HGSC carcinogenesis [59].

Serous Tubal Intraepithelial
Carcinoma

Intraepithelial lesions with morphological features
of malignancy but no evidence of stromal invasion,
now known as serous tubal intraepithelial carci-
noma (STIC), are detected in any one of the three
clinical settings: (1) HGSC of presumed ovarian,
tubal, peritoneal origins, (2) in prophylactic salpin-
gectomy specimens from BRCA1/BRCA2 muta-
tion carriers, and (3) rarely as an incidental finding
in routine surgical specimens. These lesions have
been recognized and reported in the past and were
thought by some to represent evidence of multicen-
tric tumorigenesis in Miillerian-type epithelium
[60]. Other terms used in the literature include dys-
plasia, atypical mucosal epithelial proliferation,
and carcinoma in situ [39, 47, 60].

Serous tubal intraepithelial carcinoma is
defined as a localized lesion characterized by
morphological atypia, abnormal p53 expression
(reflecting the presence of a p53 mutation), and
increased proliferation rate [18, 61]. Tubal
intraepithelial carcinoma has been seen in asso-
ciation with HGSC for many years, but this find-
ing was interpreted as evidence of a “field effect”
of tumorigenesis—the secondary Miillerian sys-
tem [60]. Careful examination of the fallopian
tubes prophylactically resected from BRCA1/
BRCA2 mutation carriers led to the description
of STIC in the absence of invasive disease, an
important finding which, along with the descrip-
tion of “dysplasia” in the RRSO specimens, sup-
ported the concept that HGSC, at least in BRCA
mutation carriers, had its origin in the fallopian
tube. Subsequently, STIC was reported in up to
61 % of tubes from patients with clinically evi-
dent HGSC, supporting the currently favored
theory that STIC is the immediate precursor of
HGSC in both hereditary and sporadic forms of
HGSC [62-64].

Microscopic
Many STIC lesions are small, making the

diagnosis sometimes challenging. The reproduc-
ibility of the diagnosis using morphological criteria
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Fig. 1.3 Serous tubal
intraepithelial lesion
(STIC). A large lesion
involving multiple plicae
and demonstrating cellular
stratification and
detachment in addition to
atypia and increased
proliferation

Fig. 1.4 (a) Serous tubal intraepithelial lesion (STIC). This lesion has prominent tufting, with cell detachment.
(b) A microscopic focus of high-grade serous carcinoma on the ipsilateral ovarian surface

alone is only moderate among experienced gyne-
cological pathologists [65, 66]. Like HGSC,
STIC has a variable histological appearance, and
the morphological spectrum of changes is wide.
STIC lesions have varying degrees of stratifica-
tion, and some STIC has exfoliation of cells,
sometimes with a growth pattern reminiscent of
the slit-like spaces, epithelial “fractures” seen so
commonly in the invasive counterpart (Fig. 1.3).
Detachment of malignant-appearing cells may be
associated with superficial implants of the ipsilat-
eral ovary (Fig. 1.4).

Using current definitions which include the
use of immunohistochemistry to improve diag-
nostic reproducibility, all cases of STIC have:

1. Morphological atypia, which includes not
necessarily all but a combination of the fol-
lowing features: nuclear enlargement, hyper-
chromasia, irregularly distributed chromatin,
nucleolar prominence, loss of polarity, apop-
tosis, epithelial tufting, and mitotic activity

2. Abnormal p53 expression by immunohisto-
chemistry: diffuse intense nuclear positivity,
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Morphology

Not suspicious
for STIC

Fig.1.5 Algorithm for the diagnosis of tubal intraepithe-
lial lesions, using morphology and immunohistochemis-
try. Ki67 expression is considered high if positive in at
least 10 % of lesion cells. P53 is considered positive with

or negativity in all lesional nuclei, the “null”
pattern of expression

3. Increased proliferation, with at least 10 %
of tumor nuclei expressing Ki67 by
immunohistochemistry

—
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either a diffusely positive pattern or a null pattern of
expression. Negative p53 in this chart reflects normal,
wild-type expression. Reprinted with permission [61]

A diagnostic algorithm has been developed to
improve the reproducibility of the diagnosis of
tubal precursor lesions, independent of the pathol-
ogist’s level of experience (Fig. 1.5) [61, 66]. In
brief, suspected tubal lesions are first assessed by
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Fig. 1.7 Serous tubal intraepithelial lesion (STIC). (a) H&E. (b) P53 (null pattern of expression). (¢) Ki67 [82]

morphological criteria and categorized as: (1) not
suspicious for STIC, (2) suspicious for STIC, or
(3) unequivocal for STIC. Immunostains help to
further categorize the lesion.

A diagnosis of STIC requires that a lesion is
assessed:

1. To be suspicious for STIC or unequivocal for
STIC

2. To have an abnormal p53 staining pattern,
either intense nuclear positivity in greater than
75 % of the lesional cells or 0 % labeling (null
pattern)

3. To have increased proliferation as indicated
by greater than 10 % of the lesional cells
showing positive Ki67 staining

Lesions not meeting all of these criteria are
not diagnosed as STIC, but may be diagnosed as
serous tubal intraepithelial lesion (STIL), or p53
signature, or normal/reactive (Figs. 1.6 and 1.7).

An additional biomarker which has not yet
been widely validated is laminin y1, which has
been proposed as an alternate biomarker of
potential use in those STICs which have no p53

staining [67]. This marker may be useful in the
diagnosis of STICs with a null pattern of p53
expression.

Molecular Pathology

STICs found in association with HGSC have
been shown to have matching mutations of
TP53 in 93 % of cases, supporting the clonal
relationship between STIC and HGSC and pro-
viding further evidence that the STIC precedes
HGSC [68]. The pattern of p53 expression by
immunohistochemistry is highly concordant
with the type of p53 mutation present [68].
Diffuse intense staining in STIC corresponds
with missense mutations (overaccumulation of
abnormal protein), and complete loss of stain-
ing corresponds to null mutations (due to splice,
frameshift, and nonsense mutations). Weak,
patchy, isolated cell positivity corresponds to
wild-type TP53. Complete loss of staining is
usually easily interpreted with wild-type posi-
tivity in the background uninvolved tubal
epithelium.
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Abnormal expression of p53 is present in
close to 100 % of STICs, as in HGSC. Other
translational changes, present in HGSC with
varying frequencies, have also been detected by
immunohistochemistry with similar levels of
expression between STIC and synchronous
HGSC: p16 overexpression (CDKN2A), loss of
Retinoblastoma protein (Rb) [11], upregulation
of the PI3K pathway (stathmin) [69], loss of
FOXO03a [70], loss of Pax2 [70, 71], and loss of
LKB1 [72]. Similarly, upregulation of oncogene
products cyclin E, Rsf-1, and fatty acid synthase
(FASN) is present in both STIC and HGSC [73].
In addition, shortened telomeres, important in
early carcinogenesis, have been documented in
STIC [74].

FISH studies have identified genomic aneu-
ploidy in STIC lesions associated with HGSC,
in chromosomes 1, 8, 11, and 17 [75]. Other
studies have identified additional genomic simi-
larities between STIC and HGSC, including
overexpression of cyclin E [73] and amplification
of human telomerase (WTERT) [74]. Additional
genomic studies are ongoing, which will clarify
the nature of the earliest genomic alterations
further.

A concerted effort to molecularly annotate
HGSC by the TCGA resulted in a seminal paper
of a comprehensive catalog of the major genomic
alterations within HGSC, including transcription,
translation, and genomic rearrangements [10].
How early these changes occur in the disease
course could be probed more comprehensively,
and investigations are ongoing. However, STICs
are often small and are diagnosed in formalin-
fixed paraffin-embedded tissues, leading to tech-
nical challenges in the characterization of the
genomic alterations which immediately precede
HGSC. While much is still to be learned about
the transcriptional, mutation, and genomic
changes in STIC, it appears that STIC and inva-
sive HGSC share many aberrations, indicating
that although STIC is a noninvasive lesion, the
cells have the propensity for metastasis without
the requirement of invasion into adjacent stroma
prior to peritoneal spread.
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Outcome

The morphological features of STIC and the
molecular associations reported to date suggest
that STIC is a malignant lesion, and it has been
recommended that STIC be staged as serous car-
cinoma, Stage 1A [76]. The clinical outcome of
patients with STIC, in the absence of positive
peritoneal washings or other diseases, is not yet
well understood and cannot be predicted for an
individual patient. There is at least one published
report of a patient with a STIC but no evidence of
invasive disease recurring with advanced-stage
disease [57], although one small series indicates
a favorable outcome [77]. Nevertheless, the accu-
rate diagnosis of STIC clearly has significant
clinical implications, although current informa-
tion does not yet provide clear direction on how
patients with a STIC diagnosis should be man-
aged. Because STICs share molecular and genetic
alterations with HGSC and at least 15 % of
HGSCs are associated with germline mutations
of BRCAI or BRCA2, patients with an incidental
diagnosis of STIC may also have a higher risk of
carrying a deleterious mutation, and therefore,
referral to a genetic counselor is likely indicated.

Some patients may be offered adjuvant treat-
ment including chemotherapy, so it is important
to not overcall this diagnosis.

Controversy

There is considerable variation in the reported
incidence of STIC. This is due to a number of
factors, but in large part to study design. Most
importantly, study populations vary widely; some
are observational, resulting in an overestimate of
STIC frequency. Only a few are inclusive of
sequential cases with documented germline
mutations of BRCAI and BRCA2 [45, 55, 77].
The frequency of STIC lesions increases with
age and is lower with oral contraceptive use [78],
and this is not controlled for in publications to
date. STIC is also seen with a lower frequency in
women with a strong family history but with
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negative germline testing. Finally, and impor-
tantly, the histological criteria used to detect the
precursor lesions vary from study to study. The
inclusion of immunohistochemistry for p53 and
Ki67 in the diagnostic algorithm significantly
improves the reproducibility of the diagnosis,
and the studies reporting a lower frequency have
not necessarily followed this approach [54, 61,
66, 79-82]. Taking these factors into consider-
ation, the estimate for STIC frequency in BRCA1
mutation carriers is between 5 and 10 % and is
likely somewhat lower in BRCA2 mutation carri-
ers. It should also be noted that the incidence of
STIC in women at no known genetic risk is not
zero [54, 82, 83]. This is an important factor and
should be kept in mind when processing salpin-
gectomy specimens, particularly as the clinical
relevance of a STIC diagnosis is still uncertain.
The recognition, description, and molecular/
genetic analyses of STICs are extremely important
in furthering our understanding of how HGSC
begins and will influence future preventative and
early detection strategies. Care must be taken
however in the interpretation of tubal lesions in the
setting of HGSC resection specimens. It is possi-
ble that lesions which are consistent with STIC
may in fact be peritoneal/mucosal spread from
HGSC tumor. While considered to be rare, muco-
sal implants on the tubal fimbria from non-gyne-
cological cancers do occur, and it is possible that
some cases of apparent STIC may represent
spread, not origin, from an ovarian tumor [84].
The traditional recommendations for assign-
ing a site of origin to pelvic HGSC may no lon-
ger be relevant. A recent proposal uses the
presence or absence of STIC in determining the
site of origin [76]. While this proposal has not
yet been widely adopted, it is reasonable that the
fimbriated ends of the tubes of all cases of
HGSC be examined in toto following a SEE-
FIM-like protocol and that assignment of the
site of origin of HGSC be made taking involve-
ment of the tubal epithelium into consideration.
Primary peritoneal carcinoma should only be
diagnosed if the fallopian tube has been exam-
ined in toto and found to be negative for STIC
and carcinoma and if the size of ovarian cortical
involvement is limited to less than 5x5 mm.
Recognition of STIC and the fimbrial epithelium
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in HGSC surgical resection specimens will vary,
based on a number of factors, and in some cir-
cumstances the site of origin will be undesig-
nated, but should then be considered to be tubal/
ovarian, distinguishing those cases from an
endometrial origin. Currently, the clinical man-
agement of HGSC is independent of the pathol-
ogist’s designation of site of origin and will be
increasingly based on genetic alterations rather
than designated site of origin. Recognition of
STIC is important, but the presence or absence
of STIC in a clinical case of HGSC does not
necessarily prove the site of origin.

P53 Signature

The term p53 signature was proposed by Crum
and colleagues to describe a morphologically
indistinct lesion which can be detected only with
the use of immunohistochemistry. The p53 signa-
ture is defined as a focus of benign-appearing
non-ciliated tubal epithelium with nuclear over-
expression of p53 but no increased proliferation
compared to the background tubal epithelium
(Ki67 <10 %). Overexpression of p53 should be
seen in a minimum of 12 consecutive cells [46,
85]. P53 signatures are frequent in the fallopian
tubes of women at both low and high genetic risk
of HGSC, with an incidence of 1146 % of
resected tubes from women with or without
germline mutations and with and without HGSC
[46, 49, 82]. Because they are seen with a rela-
tively high frequency in premenopausal women
with no known genetic predisposition to HGSC
and because, in at least one study, p53 signature
is not associated with ovarian cancer risk factors,
this lesion may be considered to be a latent can-
cer precursor [78, 86].

Microscopic

P53 signatures cannot be distinguished by rou-
tine H&E examination alone. Once detected by
immunohistochemistry, p53 signatures may in
retrospect appear to be distinct from the back-
ground tubal epithelium. The cells are non-ciliated
and have a secretory cell phenotype, and this fact
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Fig.1.8 P53 signature. (a) H&E. (b) P53. (¢) Ki67 [82]

indicates they represent a type of secretory cell
outgrowth (SCOUT), and it is this feature that
makes the lesion appear to be distinct. Some
lesions may have occasional residual ciliated
cells. The cells may have minimal atypia, but by
definition there are no diagnostic features of
malignancy (Fig. 1.8).

P53 signatures typically involve the tubal fim-
bria and distal end of the tube. They may be mul-
tifocal and bilateral and are seen more frequently
in tubes with malignant changes (STIC) [46, 82].
Other immunohistochemistry stains of secretory
tubal cells are also expressed in the p53 signa-
ture, including PAXS, HMFG?2, and CK7.

Molecular Pathology

As might be expected with the intense positive
nuclear staining seen in p53 signatures, at least
some of these lesions are associated with
mutations of the p53 gene [46]. P53 signatures
also upregulate phosphorylated, YH2AX, a bio-
marker reflective of concomitant DNA damage
(double-stranded breaks) [46]. The co-localization
of p53 signatures with YH2AX suggests that the
pS53 signature is caused by DNA damage and
that the coexistence of p53 mutations (present in
at least some p53 signatures) and unrepaired
double-stranded DNA breaks may coexist prior
to malignant transformation.

There is some evidence that altered cell cycle
checkpoints may be present in p53 signatures,
particularly in those lesions associated with
BRCAI germline mutations. Norquist et al.
reported that expression of the cell cycle inhibitor
p27 within the p53 signature in BRCA I mutation
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group was significantly lower than in BRCA2
mutation carriers or in the control group,
whereas no difference in p21 expression was
seen [49]. Strictly speaking, p53 signatures by
definition do not have an increased prolifera-
tion, but in this study some p53 signatures did
have increased Ki67 expression. In the same
study, the authors demonstrated that in BRCAI
mutation carriers, the wild-type allele remains
intact, indicating that both loss of normal func-
tion of p53 and loss of the p27-regulated GO-S
cell cycle checkpoint precede BRCAI loss of
heterozygosity.

Li-Fraumeni syndrome is a rare familial disor-
der defined by the inheritance of a germline p53
mutation. Fallopian tubes resected from women
with this syndrome have a dramatically increased
frequency of p53 signatures, with as many as 20
signatures identified per section [87]. Patients
with this syndrome have an increased lifetime
risk of breast, brain, soft tissue, and blood can-
cers, but they do not have an increased risk for
high-grade serous carcinoma.

To summarize, the p53 signature is a morpho-
logically benign lesion but immunohistochemi-
cally distinct lesion, commonly seen in women at
both low and high genetic risk of HGSC.
Furthermore, women with Li-Fraumeni syn-
drome are not at increased risk for HGSC despite
having numerous p53 signatures in the distal end
of the fallopian tube. These observations indicate
that additional genotoxic event(s) must occur
prior to malignant transformation. The p53 signa-
ture is thought to be one of if not the earliest rec-
ognizable precursor lesions of high-grade serous
carcinoma, because of the ubiquity and prevalence
of the mutations in 7P53. The signature itself is a
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benign focus of epithelial cells with no or subtle
changes in nuclear atypia, polarity, and an expan-
sion of secretory cells [86, 88, 89]. The cells in
the p53 signature have limited proliferative
capacity and although loss of normal p53 func-
tion is necessary for a diagnosis of p53 signature,
it is not sufficient to promote carcinogenesis; at
least one more genotoxic event is required for
malignant transformation.

Currently, p53 signatures are not reported
clinically and are considered to be of research
interest only.

Serous Tubal Intraepithelial Lesion

Diagnostic criteria for STIC and for p53 signa-
ture incorporate morphology and biomarker
interpretation. When using these criteria, there
are tubal lesions which demonstrate more fea-
tures of atypia and/or proliferation than would be
expected in a p53 signature, but do not fulfill the
criteria required for a reproducible diagnosis of
STIC. This group of lesions is not yet well char-
acterized, and the clinical relevance of these
lesions is poorly understood. Other terms have
been applied to this group, including atypical

hyperplasia, proliferative p53 signature, tubal
intraepithelial lesion in transition (TILT), and
tubal atypia, but we prefer the designation serous
tubal intraepithelial lesion (STIL).

Microscopic

STILs vary from having mild to marked atypia,
may or may not have abnormal nuclear p53
expression, and often have some increased prolif-
eration based on Ki67 expression when compared
to the background tubal epithelium. Because these
lesions are not well understood, it is recommended
that the STIC diagnostic algorithm be followed. A
STIL diagnosis is most commonly made with the
following combination of findings:

1. Morphology unequivocal for STIC, abnormal
p53 expression, Ki67 less than 10 %

2. Morphology suspicious for STIC, abnormal
p53 expression, Ki67 less than 10 %

These features indicate that significant altera-
tions have occurred, but that the criteria for a
diagnosis of intraepithelial carcinoma are not ful-
filled (Figs. 1.9 and 1.10).

Fig.1.9 Serous tubal intraepithelial lesion (STIL). (a) H&E. (b) P53. (¢) Ki67. Abnormal morphology at least suspi-
cious for STIC, diffuse p53 expression, with increased Ki67 expression that is less than 10 % of the lesion cells

Fig.1.10 Serous tubal intraepithelial lesion (STIL). (a) H&E. (b) P53. (¢) Ki67. Abnormal morphology at least suspi-
cious for STIC, diffuse p53 expression, but no increased Ki67 expression
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Using the diagnostic algorithm, it is also pos-
sible, though much less likely, to see:

3. Morphology unequivocal for STIC, normal
p53 expression, Ki67 greater than 10 %

4. Morphology unequivocal for STIC, normal
p53 expression, Ki67 less than 10 %

5. Morphology suspicious for STIC, normal p53
expression, Ki67 less than 10 %

Controversy

It seems likely, because of the widespread varia-
tion of morphological features and biomarker
expression in this group, that some of these lesions
are in fact benign or reactive changes, not cancer
precursors, and others, particularly those STILs
with abnormal p53 expression, are cancer precur-
sors with variable transcriptomic/genomic altera-
tions resulting in variable histological phenotypes.
Because of the uncertainty of both diagnostic
reproducibility and clinical relevance, some
authors have recommended that a diagnosis of
STIL (or proliferative p53 signature) not be used
in clinical practice. An alternative to this, which
we currently practice, is that a lesion with signifi-
cant atypia and abnormal p53 expression and
increased proliferation, but the proliferation is less
than the 10 % cutoff, is diagnosed as STIL. The
diagnosis is accompanied by a comment indicat-
ing that an atypical lesion of uncertain clinical rel-
evance is present and that there is no diagnostic
evidence of intraepithelial carcinoma.

Secretory Cell Outgrowths

The p53 signature is the best characterized HGSC
benign cancer precursor. One group has reported
another entity that they consider to be a benign
cancer precursor, with some similarities to the
p53 signature [90, 91]. Secretory cell outgrowths
(SCOUTs:) are frequent in the fallopian tube and,
unlike p53 signatures, are seen throughout the
fallopian tube mucosa, not just in the anatomi-
cally high-risk distal end. They are linear
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outgrowths of secretory cells, which stand out
from the normal tubal mucosa mix of ciliated and
non-ciliated cells. They have no atypia and no
increased proliferation. They may appear to have
some crowding, being more prominent in the
mucosa. Like p53 signatures, they are seen in
women of both low and high genetic risk of
HGSC, but they are seen more frequently in cases
of pelvic HGSC, suggesting that they may also be
a benign latent cancer precursor. P53 signatures
may be SCOUTs with additional molecular/
genetic alterations.

Currently, SCOUTs are not reported clinically
and are of research interest only.

Processing of Salpingectomy
Specimens

Risk-reducing salpingo-oophorectomy will be
increasingly adopted as a preventative strategy
in women at high genetic risk, in both aca-
demic and community practice settings. Given
the reluctance of premenopausal women to
undergo surgical menopause, an alternative
approach, salpingectomy with ovarian reten-
tion, has been proposed as an interim strategy
under investigation [92-94]. It is also likely
that opportunistic salpingectomy with ovarian
retention will be increasingly considered in
low-risk women undergoing hysterectomy or
tubal ligation [95]. It is therefore important
pathologists standardize the processing of
resected tubal specimens.

The Association of Directors of Anatomic and
Surgical Pathology recommended a two-tier
approach to gross examination of the fallopian tube,
depending on the level of suspicion for an occult
invasive or intraepithelial carcinoma [43, 96]:

1. All salpingectomy specimens are fixed for at
least 4 h with care in the handling of the fim-
briated ends, protecting the integrity of the
fimbrial mucosa.

2. All salpingectomy specimens are sectioned at
a maximum of 2-3 mm intervals, with the
exception of the fimbriated end.



(a) Benign conditions (minimum'):

e Three sections are submitted repre-
senting isthmus, ampulla, and infun-
dibulum/fimbria. A single H&E section
is prepared from each block.

(b) Risk-reducing  salpingo-oophorectomy

(SEE-FIM protocol):

e The distal 2 cm of the fimbriated end is
transected.

¢ The fimbria is sectioned parallel to the
long axis and may be further sectioned
longitudinally.

¢ The remainder of the tube is sectioned
at 2-3 mm cross sections.

e All sections of the fallopian tube are
submitted in toto.

e Similarly, the ovaries are fixed for a
minimum of 4 h prior to sectioning,
serially sectioned perpendicular to the
long axis at 2-3 mm intervals, and sub-
mitted in toto.

* A single H&E section plus several
unstained sections or one H&E plus
p53 plus Ki67 should be taken from
the infundibulum/fimbria blocks. A
single H&E section from the other
tubal and ovary blocks is sufficient.

(c) HGSC debulking surgery (SEE-FIM pro-
tocol or SEE-FIM protocol)

The aim of the SEE-FIM protocol is to maximize
the surface area of the fimbria for histological
examination. It is our practice to longitudinally
section the fimbria as described in the protocol,
in all salpingectomy specimens. To ensure opti-
mal fixation times for interpretation of subse-
quent immunohistochemistry, all salpingectomy
specimens are fixed for 24-48 h. It is our practice
for all RRSO specimens to prepare one H&E sec-
tion plus p53 and Ki67 sections in infundibulum/
fimbria blocks. An alternative is to include
unstained sections from the same ribbon strip as
the H&E section. It has been our experience that

' Because there is a low risk of STIC and occult carcinoma
in women considered to be at low risk of HGSC, it has
been recommended that the tubal fimbriaec be examined
following a SEE-FIM-like protocol, and this is our current
practice [83].
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detection of small STIC lesions may be missed
on H&E examination alone, but it would be
unlikely to miss a STIC with the addition of p53
and Ki67 immunohistochemistry. It has also been
our experience that assessment of suspicious
lesions may be compromised if additional sec-
tions are not included in the initial sectioning of
the tissue blocks. Finally, in most circumstances,
multistep deeper level sectioning is not neces-
sary, but may be performed if peritoneal wash-
ings are positive for malignant cells and no lesion
is detected in initial tube/ovary sections [97].

Summary

Classification and understanding of high-grade
serous carcinoma precursors continues to evolve,
but it is clear that the fallopian tube plays an impor-
tant role in ovarian carcinogenesis. The careful
processing of salpingectomy specimens and a uni-
form diagnostic approach incorporating mor-
phology and immunohistochemistry are needed to
optimize the diagnosis of early, low-volume
high-grade serous carcinoma and its immediate
precursor, serous tubal intraepithelial carcinoma.
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Introduction

Epithelial ovarian cancer (EOC) is the leading
cause of death due to gynecologic malignancy in
women in the United States, with 22,240 new
cases and 14,030 women estimated to have died
of ovarian cancer in 2013 [1]. The majority of
EOCs are of serous histology, and it is now
widely accepted that ovarian serous carcinomas
fall into two distinct categories: high grade and
low grade. High-grade serous ovarian carcino-
mas (HGSCs) are the most common subtype of
EOC, whereas low-grade serous carcinomas
(LGSCs) are less common and represent approx-
imately 3 % of all ovarian surface epithelial car-
cinomas. The two types are distinct in terms of
pathogenesis, molecular pathways, treatment
response, and patient prognosis. HGSCs are clas-
sified as Type II carcinomas in the Shih and
Kurman dualistic model of ovarian cancer devel-
opment [2]. Type II carcinomas exhibit distinct
genetic hallmarks including high levels of genetic
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instability and 7P53 mutations. HGSCs are de
novo carcinomas and it is thought that a large
proportion originate from the fallopian tube fim-
briae [3, 4]. LGSCs are Type I tumors, which are
more genetically stable and frequently harbor
alterations in the mitogen-activated protein
kinase (MAPK) signaling pathway. Unlike
HGSC, they follow a stepwise progression from
inclusion cyst to serous cystadenoma, serous bor-
derline tumor, serous borderline tumor with
micropapillary pattern, and finally to invasive
low-grade serous carcinoma. However, the patho-
genesis of this subtype is not fully understood
and the cellular origins are a recent topic of
debate. In this chapter we will be discuss the his-
tology, grading, pathogenesis, and molecular
characteristics of low-grade serous carcinomas.

Histology

Serous borderline tumors (SBTs)/serous tumor
of low malignant potential (LMP) represents
25-30 % of non-benign serous tumors and occurs
in women 30-50 years of age. In the majority of
cases they are unilateral and usually present at an
early stage (stage I) [5]. The WHO defines SBT
as an “ovarian tumor of low malignant potential
exhibiting an atypical epithelial proliferation of
serous type cells greater than that seen in its
benign counterpart but without destructive stro-
mal invasion” [6].
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Fig. 2.1 (a) Ovarian cyst with surface involvement by
friable papillary excrescences. They appear to cover most
of the ovarian cyst surface. (b) The inner lining of the

Grossly, the mass is usually partially cystic
and partially solid. Polypoid excrescences are
present on the outer surface of the ovary or within
the cyst lumen (Fig. 2.1a, b). The papillary struc-
tures are yellow in color, soft, and friable. SBT
can be readily differentiated from the hard,
stocky, white excrescences that are usually char-
acteristic of serous cystadenofibroma. SBTs can
be subgrouped into tumors with typical and
tumors with micropapillary patterns.

Typical SBT

Typical SBT makes up the majority of SBT or
(90 %). A diagnosis of SBT/LMP is based on
three main characteristics: (1) epithelial stratifi-
cation and cellular budding where the tumor cells
become detached from the papillae and appear to

same ovarian cystic mass is mainly smooth. However,
there are areas showing irregular friable vegetating
masses

float in the cystic lumen with no fibrovascular
core. (2) The tumor cells have mild to moderate
cytologic atypia. (3) There is lack of stromal
invasion. Microscopically, the papillae are lined
by stratified cuboidal to columnar epithelial cells.
These papillae show branching and complex
structure. The epithelial cells have high nuclear-
to-cytoplasmic ratio (N/C), and the nuclei are
hyperchromatic with prominent nucleoli. Mitotic
figures are frequently present (Fig. 2.2a—c).
While the histologic criteria may suggest that a
diagnosis of serous LMP is straightforward,
sometimes the diagnosis of serous LMP can be
challenging as these diagnoses are subject to
numerous pitfalls, including the following:

Serous LMP May Have Variants Some SBTs

present with intracystic mucin and can mimic
mucinous adenocarcinoma. The key to make the

>

Fig. 2.2 (a) Cut section of these vegetating masses
reveals papillary structure with fibrovascular stalks. These
structures are lined by stratified cuboidal to columnar epi-
thelial cells. (b) There is stratification of tumor cells
which they start getting detached and float in the lumen.
These cells exhibit moderate cellular atypia with high
nuclear/cytoplasmic ratio. (¢) The main characteristic fea-
ture of ovarian serous borderline tumor is the absence of
ovarian stromal invasion. (d) Cut surface of benign serous
cystadenoma. The cyst is lined by cuboidal epithelium.
There are few areas where the cells appear to be stratified.
However, due to the lack of cytologic atypia, this mass is

>

considered as benign and this pseudo-stratification is due
to tangential section. (e) Lower magnification showed
tumor cells that seem to infiltrate fibrous stroma. (f)
Higher magnification, these cells seemed to invade the
stalk of the papillae and not the ovarian stroma which can
be a major pitfall. (g) Microscopic features of autoimplan-
tations are very similar to the features of desmoplastic
noninvasive implant. They are defined by clusters of
tumor cells in a background of extensive hemorrhage,
fibrosis, and acute chronic inflammation. Frequent psam-
moma bodies are seen. These autoimplantations are usually
seen on the surface of the ovary



2 Precursors of Low-Grade Serous Adenocarcinoma of the Ovary: Pathology and Molecular Pathways 25




26

diagnosis is that the mucin is intracystic, not
intracytoplasmic, as usually seen in mucinous
tumors. The second variant is that the tumor can
have a cribriform pattern and can mimic endome-
trioid tumor. While these variants do not carry
any significance on prognosis, they can create a
diagnostic challenge for pathologists.

Tangential Cut Caution should be practiced
when one sees what appears to be epithelial pro-
liferation without cytologic atypia, because tan-
gential sectioning of the lining of a benign serous
cystadenoma can give the impression of prolifer-
ation of the epithelial lining (Fig. 2.2d).

Stromal Invasion By definition, SBT lacks stro-
mal invasion. This is a major criterion to differen-
tiatet SBT from serous adenocarcinoma.
Therefore, invasion of the stalk of the papillae
should not be considered as ovarian stromal inva-
sion as illustrated in Fig. 2.2e, f.

Autoimplantation Another pitfall is the failure to
differentiate between stromal invasion and
autoimplantation, which is the invagination of the
tumor on itself creating the illusion of a stromal
invasion, as shown in Fig. 2.2g. Grossly, serous
LMP tumors exist as well-demarcated plaques on
the surface of the ovary. It is essential to mention
that autoimplantations are localized superficially
on the surface of the ovary and are morphologi-
cally similar to desmoplastic noninvasive
implants with disorganized groups of tumor cells
embedded in dense stroma with hemorrhage,
chronic inflammation, mesothelial proliferation,
and massive necrosis.

Micropapillary SBT

Micropapillary SBT (MSBT) accounts for 5-10
% of all SBTs. The significance of this subtype is
debated among pathologists. Some authors have
found a close association between MSBT and
invasive implants and urged to call this entity as
“micropapillary serous carcinoma” [7, 8]. Others
preferentially use the term MSBT, avoiding the
use of the term of “carcinoma,” to minimize the
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possibility of over-treating patients [7, 8]. The
general agreement on the significance of micro-
papillary architecture in SBTs is that there is a
significant increase in incidence of invasive peri-
toneal implants [9]. Molecular studies show that
MSBT has a similar gene expression profile as
low-grade serous carcinoma and distinct from
typical SBT [10]. MSBT is the only surface epi-
thelial stromal tumor with a well-defined ade-
noma-carcinoma sequence, where LGSC is
thought to arise in a stepwise fashion from a
benign cystadenoma through BST to an invasive
low-grade serous carcinoma [ 11]. Microscopically,
MSBTs show highly complex micropapillary
growth in a filigree pattern, growing in a nonhier-
archical fashion from stalk which has been aptly
described as a “Medusa head’-like appearance.
Micropapillae are at least five times as long as
they are wide [12] (Fig. 2.3a—). Micropapillary
foci should occupy an area of at least 5 mm, since
micropapillary foci of less than 5 mm have no
bearing on clinical outcome [12].

SBT with Microinvasion

Microinvasion is defined as single cells or few clus-
ters of cells similar to those seen in the overlying
SBT that infiltrate the stroma. One or more foci may
be present but none should exceed 10 mm? or not
exceeding 3 mm or 5 mm. SBT with microinvasion
appears to have no significance on disease outcome,
with 10-year survival rate of 86 % [12].

Peritoneal Implants

Peritoneal implants are classified into epithelial
invasive and noninvasive implants and desmo-
plastic noninvasive implants. Implants are a het-
erogeneous group of lesions and various types
may coexist; therefore, multiple biopsies of
numerous foci of suspicious lesions at the time of
surgery and extensive tumor sampling by the
pathologist are essential for the accurate evalua-
tion of peritoneal implants. Differentiating inva-
sive and noninvasive implants can be challenging,
but given the increased probability of tumor
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Fig. 2.3 (a) There is highly complex micropapillary
growth in a filigree pattern, growing in a nonhierarchical
fashion from stalk. These are described as a “Medusa
head”-like appearance. (b) Micropapillae should be at
least five times as long as they are wide. (¢) Cytologically,
tumor cells are somewhat bland looking exhibiting mild
atypia and very infrequent mitotic figures

recurrence for invasive implants, accurate diagno-
ses have a significant impact on patient prognosis
and clinical management of the case.

Epithelial noninvasive implants are characterized
by the presence of papillae within cystic spaces
exhibiting mild cytologic atypia. There are fre-
quent psammoma bodies and no stromal reaction
or destruction with mild degree of inflammatory
cells (Fig. 2.4a, b). SBTs with noninvasive
implants are considered indolent, with 5-year
survival rates of 95 % and recurrence rates are
typically low, ranging from 8 % to 32 % [13].

Epithelial invasive implants are characterized by
haphazardly distributed glands and clusters of
branching papillae infiltrating the adipose tissue
and stroma. The epithelial cells have moderate to
marked cytologic atypia. Psammoma bodies are
sparsely distributed throughout the tumor, and
the associated stroma is composed of dense
fibrous tissue with mild degree of inflammation
(Fig. 2.4c). Patients with SBT with invasive
implants have higher chances of developing
low-grade carcinomas many years after initial
diagnosis [14].

Desmoplastic noninvasive implants are defined by
clusters of irregular glands tumor cells exhibiting
mild cytologic atypia. Frequent psammoma bodies
are seen (Fig. 2.4d, e). There is no stromal reac-
tion; on the contrary, the stroma is loose and may
have granulation tissue-like features with neutro-
philic infiltrates and hemorrhage.

Ovarian Grading Systems and Low-
Grade Ovarian Serous Carcinoma

Before we discuss the molecular characteristics
of low-grade ovarian serous carcinoma (LGSC),
it is worth discussing the grading system for epi-
thelial ovarian cancer. There are at least five
grading systems that are in use by pathologists
worldwide. The most commonly used around the
world are from the International Federation of
Gynecology Oncology (FIGO) and the World
Health Organization (WHO). The FIGO grading
system [15] is based on the ratio of glandular or
papillary pattern to solid growth of the tumor:
grade 1 tumors when <5 % is solid growth, grade
II when 5-50 % is solid growth, and grade 3
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Fig. 2.4 (a) Noninvasive implants are characterized by
cluster of tumor cells embedded in a fibrous tissue with no
desmoplastic reaction. Psammoma bodies are frequently
present. (b) Empty spaces are seen surrounding these
clusters. (¢) Invasive implants are characterized by com-
plex papillae structures that seemed to infiltrate the
stroma. There is extensive desmoplastic reaction with

tumors when >50 % is solid growth. The WHO
system is more subjective, as it depends on the
impression of the pathologist assessing the tumor
architecture and cytologic features. It is consid-
ered an intuitive method where there are no actual
objective criteria for grading. The other system used

proliferation of fibrous tissue and chronic inflammation.
Psammoma bodies are usually infrequent. (d)
Desmoplastic noninvasive implants are defined by clus-
ters of papillae usually seen on the surface. These papillae
are seen in a background of fibrotic stroma with extensive
chronic inflammation. (e) Closer magnification shows
very bland-looking cells surrounded by empty spaces

commonly in the United States is the Gynecologic
Oncology Group (GOG) grading system [16].
Basically, the GOG system borrows the grading
system from cancer occurring in other sites,
depending on the histologic type; for example,
the FIGO system for grading endometrial cancer
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Fig. 2.5 (a) Low-grade serous carcinoma shows tumor cells with mild atypia and very few mitotic. (b) High-grade
serous carcinoma is defined by tumor cells with moderate to severe atypia and high mitotic rate

will be used when the tumor is endometrioid
type, and when the tumor is transitional cell type,
the same grading system as for transitional cell
carcinoma of the bladder is used. Clear cell carci-
noma is not graded at all.

Of particular importance for basic and clinical
research is the lack of reproducibility of the three
grading systems and the frequent disparities
between diagnoses by different pathologists
using the same grading system [17, 18]. As a
result, the significance of tumor grade to progno-
sis varies in the literature. It is clear that classifi-
cation of EOC histological subtype and grading
based on molecular markers would significantly
improve reproducibility of diagnoses and enable
more accurate clinical studies to be performed.

An additional grading system that is com-
monly used is Silverberg’s grading system [19].
Silverberg and his colleagues tried to create a
grading system using the Nottingham grading
system of the breast, which is based on architec-
ture, cytologic atypia, and mitotic counts. Each is
given a number and then they added to a score.
As the criteria for this system are very defined
and very objective, it is not surprising that this
system shows a high degree of reproducibility
among pathologists. In addition, using this grad-
ing system, tumor grade was shown to be a pre-
dictive factor for survival, with lower tumor
grade associated with a more favorable outcome
[20]. Lastly, the MD Anderson two-tier grading
system grades each tumor as low grade or high

grade [21]. Low-grade tumors are defined as
tumors with mild atypia and a low frequency of
mitotic figures (<12 mitoses/10 high-power
fields), whereas high-grade tumors are tumors
with moderate to severe atypia and high mitotic
rates (Fig. 2.5a, b). This final grading system is
only applied to serous carcinoma and again
shows good intra-observer reproducibility [22].
Moreover, the two-tier system reveals prognostic
associations that are consistent with those seen
when using the Silverberg’s grading system [22].

Accurate grading of serous carcinomas as
low-grade or high-grade is crucial for multiple
reasons: (1) LGSCs and HGSCs are associated
with markedly different prognoses, (2) LGSCs
are usually cisplatinum resistant and so may
often not receive standard chemotherapy, and (3)
LGSCs may benefit from novel therapeutics
designed to interrupt signaling pathways acti-
vated in this tumor type specifically.

Cellular Origins

Ovarian LGSCs are relatively rare tumors, which
makes investigating the origins challenging.
LGSCs can arise de novo but others clearly
evolve in a stepwise manner beginning with a
benign serous cystadenoma which progresses to
a serous borderline tumor (SBT) which then
develops into an invasive LGSC, as described
above [23]. Not all borderline tumors will develop
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into invasive cancer but the proportion that do
tend to have invasive implants upon presentation.
LGSCs are a distinct entity to high-grade serous
counterparts and are associated with distinct
somatic alterations, clinical characteristics, and
epidemiological risk factors. Although some case
reports identified low-grade and high-grade com-
ponents within the same tumor, this appears to be
arare occurrence and the distinct somatic profiles
of LGSC and HGSC most strongly support the
hypothesis that the two entities are different dis-
eases and LGSC is not a precursor of HGSC [23].
The majority of HGSCs appear to originate from
secretory cells in the fimbrial portion of the fal-
lopian tube [4, 24-26]. Although recent patho-
logical evidence has suggested a fallopian origin
for at least a subset of LGSCs, classically it has
been thought that LGSCs originate from ovarian
surface epithelial cells (OSECs). A third model
for LGSC origins is the endometrial model. Each
of these three cell-of-origin models is discussed
in more detail below.

Ovarian Epithelial Cells

Historically it was thought that the majority of
LGSC:s arise from ovarian epithelial cells, a layer
of simple, cuboidal, mesothelial-type epithelial
cells covering the surface of the ovary. OSEC-
type cells can also line simple cysts within the
ovarian cortex, termed cortical inclusion cysts
(CICs). CICs arise from invaginations of the
ovarian surface that occur following ovulation.
Invaginations that fuse at the top create OSEC
cysts, where OSECs are in close proximity to the
mitogenic environment of the ovarian stroma.
Interestingly, there is a relationship between
body mass index (BMI) and number of CICs
[27]. BMI is associated with borderline and low-
grade serous cancer risk, but not HGSC risk [28],
consistent with an ovarian origin for the former
histological subgroup, but not for the latter.

In this model the microenvironment of the
ovarian stroma plays a key role in the early gene-
sis of LGSC by promoting Miillerian differentia-
tion of OSECs. Evidence shows OSECs exhibit
marked phenotypic plasticity, which some argue
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enables the cells to differentiate into the histologi-
cally diverse subtypes of EOC during cancer
development [29]. However, theories supporting
OSEC:s as cells of origin for serous ovarian cancer
have recently come under scrutiny and have been
heavily criticized. The lack of expression of EOC
markers in OSECs, the divergent embryological
origins of OSECs and Miillerian-type epithelium,
and the scant evidence of early-OSEC-derived
neoplastic lesions have all been used to question
the validity of the OSEC as a precursor cell for
serous EOCs.

Fallopian Epithelial Cells

Recent pathological evidence, as well as data
from in vitro and in vivo models, has demon-
strated that a significant proportion of high-grade
serous ovarian cancers (HGSCs) originate from
secretory epithelial cells located in the epithelium
of the fallopian tube fimbriae [4, 24-26, 30]. This
has led researchers to look more closely into
whether LGSCs could also have a tubal origin. A
key observation is the morphological similarity of
LGSC:s to the fallopian tube: LGSCs can contain
both secretory and ciliated epithelia that closely
resemble the morphology and immunohistochem-
ical staining profile of normal tubal epithelium.
The ratio of ciliated to secretory cells in fallopian-
type inclusion cysts and serous cystadenomas is
similar, with an increase in the proportion of
secretory cells in borderline tumors progressing to
a near absence of ciliated cells in LGSC [31].
Extensive sectioning and examination of fallopian
tubes from patients with LGSC has identified
regions of papillary tubal hyperplasia occurring
more commonly in women with atypical prolif-
erative serous tumors than in unaffected women
[32]. Moreover, chronic salpingitis has been iden-
tified in association with ovarian serous border-
line tumors, and secretory cell outgrowths
(considered to be a precursor lesion) are more
common in fallopian tubes from women with
serous borderline tumors compared to controls
[33]. Finally, mutational analyses have identified
identical mutations in the KRAS proto-oncogene
in serous borderline tumors and endosalpingiosis,
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suggesting co-occurrence of the two represent
different stages of the disease continuum [34].

So how do tubal epithelial cells become re-
located to the ovary? This process is not fully
understood, but it is known that two types of CIC
exist within the ovary —PAX8 negative, calretinin
positive cysts, thought to be derived from OSECs,
and PAX8 positive, calretinin negative cysts, pro-
posed to be tubal in origin [31]. However, it is
worth noting that this conclusion is based on the
assumption that PAXS8 is never expressed by
OSECs, which in our own unpublished data we
find to be incorrect (in a large series of 27 normal
ovaries, nearly half express PAXS8). Moreover,
detailed examinations of ovaries find transitions
of OSEC-type to cuboidal (tubal)-type epithelial
cells within the same cyst, suggesting OSECs can
undergo a metaplasia and acquire tubal character-
istics [35]. Nonetheless, a benign process termed
endosalpingiosis does bring tubal epithelium into
the ovary, which is a likely source of tubal type
epithelium within CICs.

Endometriosis Epithelial Cells

An alternative hypothesis is that LGSCs may arise
from other types of Miillerian epithelial cells, par-
ticularly from endometrial epithelial cells ectopi-
cally located to the ovary via the common process
of retrograde menstruation. In around 10 % of
women, the endometrial epithelial cells engraft
and form functional glands within the ovary and at
other sites, a condition termed endometriosis.
While there is currently little pathological or
experimental evidence to support this theory, epi-
demiological studies find that endometriosis is

associated with an increased risk of LGSC (with
an odds ratio of 2.11, 95 % confidence interval
1.39-3.20) [36], and it is clear that this association
warrants furtherinvestigation.

The Microenvironment of the Ovary

While the cellular origins of LGSC are not yet
clear, one unifying theme in the above three
models is the vital role played by the specific
microenvironment of the ovary, as it appears that
cystic structures within the ovary are hotspots for
neoplastic transformation. Markers of oncogenic
stress are upregulated in CICs relative to the sur-
face epithelium [37], likely due to the effects of
mitogenic molecules such as estrogen or the
genotoxic and pro-inflammatory effects of fol-
licular fluid [38]. Elucidating the pathways
involved in stromal-epithelial cross talk during
the developmentof LGSC will likely be essential
for our understanding of the earliest stages of
these tumors.

Somatic Genetic Characteristics
of LGSC

In contrast to high-grade serous ovarian cancers,
which nearly always contain 7P53 mutations
[39] and which display widespread copy number
aberrations and chromosomal rearrangements,
TP53 mutations are rare in LGSCs, and LGSCs
typically do not contain significant amounts of
chromosomal disruption. LGSCs are character-
ized by mutations in KRAS, BRAF, and ERBB?2
(Table 2.1). Collectively, KRAS and BRAF muta-

Table 2.1 Mutations commonly found in low-grade serous ovarian carcinoma

Frequency of

Pathway Gene alteration (%) Reference
MAPK KRAS 18-30 [40, 42]
MAPK NRAS 9° [43]
MAPK BRAF 35-48 [40, 42, 44]
MAPK ERBB2 6 [44]

20f all invasive cases with adjacent borderline malignancies

Effect on

Common mutations pathway
G12V, G12D Activating
Q61R, Q61K Activating
V600E Activating
¢.2325dupTACGTGATGGCT, Activating
¢.2322dupGCATACGTGATG,
¢.2324dupATACGTGATGGC
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tions are found in about two-thirds of all LGSCs
and in 61 % of serous borderline tumors, in a
mutually exclusive fashion [40]. Mutations in
these genes result in constitutive activation of the
mitogen-activated protein kinase (MAPK) path-
way. KRAS is a GTPase that transduces extracel-
lular mitogenic signals into the cell, via the
MAPK and also phosphoinositide 3-kinase
(PI3K) pathways. In ovarian LGSCs KRAS is
commonly mutated at codon 12, which renders
the protein constitutively active in the absence of
upstream mitogenic signals. Matching KRAS
mutations can be detected in ovarian serous bor-
derline tumors that recur as LGSC, strongly sug-
gesting that LGSC develops from SBTs harboring
activating KRAS mutations [41]. In LGSCs,
BRAF is commonly mutated at position 600,
where a valine to glutamate substitution renders
the kinase constitutively active in the absence of
activating stimuli. BRAF mutations are associ-
ated with better patient prognoses than KRAS
mutations, because the most aggressive and
recurrent LGSCs tend not to harbor BRAF altera-
tions [42]. BRAF mutations are also associated
with early tumor stage, which may suggest that
BRAF alterations are early events in the genesis
of ovarian LGSC. RAS molecules, such as KRAS,
are major upstream regulators of BRAF, which is
thought to explain the mutual exclusive manner
in which KRAS and BRAF mutations are found in
LGSC [42] and other solid tumors. Activation of
the MAPK pathway can also occur via activation
of ERBB2 or NRAS also occur, although these
alterations occur at a lower frequency than per-
turbations in KRAS or BRAF [43, 44]. Other key
molecular alterations in BST/LGSC include
pl6(INK4A) [45] and maintained expression of
P21(WAF) [46, 47], which could relate to the
lower proliferative indices of these tumors rela-
tive to high-grade counterparts.

Conclusion

While the origins of high-grade serous ovarian
cancer have been hotly debated, the cellular ori-
gins of low-grade serous ovarian cancer have
been somewhat overlooked. It is, however, not
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yet clear whether LGSCs arise from ovarian or
fallopian epithelial cells or from Miillerian-type
epithelial cells within the uterus. The Cancer
Genome Atlas project has generated a compre-
hensive catalogue of the somatic alterations in
HGSC, profiling copy number alterations, muta-
tions, as well as the transciptome and methylome
and yielding novel candidate therapeutic targets
[39]. However LGSCs were not included in this
project, and similar analyses of somatic genetic
alterations that occur early during the develop-
ment of SBTs and LGSCs remain somewhat
lacking. Although it is likely that activation of the
MAPK pathway is an early event, more detailed
analyses of the somatic events that lead to the
genesis of LGSC will likely reveal novel oppor-
tunities for early detection and therapeutics.
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Precancers are lesions that precede the development
of invasive cancers [1]. In other words, a precan-
cer is one lesion that if left unchecked would
eventually develop into a cancerous lesion.
Ovarian clear cell and endometrioid cancers have
a strong epidemiological link with endometrio-
sis. Endometriosis has been the lesion most often
associated and/or preceding ovarian clear cell
carcinoma (in 50-90 % of cases) and endometri-
oid carcinomas (in up to 40 % of cases) [2, 3].
However, ovarian clear cell carcinomas have also
been associated with clear cell adenofibromatous
lesions [3]. Recently, there has been an attempt to
explain most ovarian cancers with an origin out-
side the ovary, in particular the fallopian tube, as
opposed to classic literature that reported the
ovarian surface epithelium as the direct source of
ovarian carcinomas [4, 5]. In this chapter, the
author will attempt a comprehensive review of
the precancerous lesions of ovarian clear cell and
endometrioid carcinomas.

If a man will begin with certainties, he shall end in doubts;
but if he will be content to begin with doubts he shall end
in certainties.

Sir Francis Bacon. The Advancement of Learning (1605)
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Endometriosis

Nowadays, based on clinical, histopathological,
and genetic evidence that will be reviewed
herein, endometriosis is identified as the most
likely precursor lesion for endometrioid or clear
cell ovarian lesions. While not all patients with
endometriosis will eventually develop malig-
nancy, patients with endometriosis have a higher
risk of developing the aforementioned carcino-
mas. Data from 13 ovarian cancer case—control
studies, part of the Ovarian Cancer Association
Consortium, were pooled in a review study, and
logistic regression analysis was undertaken to
assess the association between self-reported
endometriosis and the risk of ovarian cancer [6].
Self-reported endometriosis was associated with
a significantly increased risk of clear cell (odds
ratio 3.05, 95 % CI 2.43-3.84, p<0.0001), low-
grade serous (odds ratio 2.11, 1.39-3.20,
p<0.0001), and endometrioid invasive ovarian
cancer (odds ratio 2.04, 1.67-2.48, p<0.0001).
No association was noted between endometriosis
and risk of mucinous (odds ratio 1.02, 0.69-1.50,
p=0.93) or high-grade serous invasive ovarian
cancer (odds ratio 1.13, 0.97-1.32, p=0.13) or
borderline tumors of either subtype (serous odds
ratio 1.20, 0.95-1.52, p=0.12; mucinous odds
ratio 1.12, 0.84-1.48, p=0.45).

From a practical standpoint, recognizing and
diagnosing endometriosis is important for the
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Fig.3.1 Low power
examination of ovarian
endometriotic cyst lined
by epithelium and
underlying stroma with
remote hemorrhage
represented by
pigment-laden
macrophages. H&E 20x

obvious reason that it can help pathologists relate
it with synchronous or metachronous lesions in
the patient and provide an origin and accurate
typing of the subsequent lesion(s) that might oth-
erwise be problematic. The gold standard to diag-
nose endometriosis is still the microscopic
examination of the hematoxylin and eosin (H&E)
stained sections (Figs. 3.1, 3.2, 3.3, 3.4, and 3.5).
Its diagnosis is usually straightforward and based
on the presence of endometriotic-type epithe-
lium, cellular endometrial-like stroma and recent
or remote hemorrhage. It is important to note that
most pathologists require two of these three com-
ponents to establish the diagnosis (Fig. 3.6). An
exception that the author has rarely encountered
in clinical practice is the presence of only stroma
with pseudo-decidualized changes due to previ-
ous hormonal treatment in patients with known
or suspected endometriosis (Fig. 3.7).

While the endometrial-type cysts or glands in
endometriosis have an epithelium that resembles
the endometrial epithelium, the same metaplastic
changes that occur in the endometrium can be
seen in endometriotic lesions obscuring or mak-
ing the diagnosis more challenging (Fig. 3.8).
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Similarly, the stroma might be overlooked or
misinterpreted as cellular ovarian stroma and
may be very subtle and or barely perceptible and
discontinuous to the periglandular zone, while
many other lesions can demonstrate areas of
hemorrhage (Figs. 3.9, 3.10, and 3.11).

History of Endometriosis

Most of our knowledge of endometriosis can be
traced back to Dr. John Albertson Sampson’s
publications. However, the first description of
ovarian endometriosis is credited to William
Wood Russell, who presented a paper to the
Johns Hopkins Medical Society in 1899 entitled
“Aberrant portions of the Miillerian duct found in
the ovary” [7]. Pick later reported that
Rokitansky’s cystosarcoma adenoides ovarii
uterinum, described by the latter in his textbook
of pathologic anatomy published in 1861, could
represent ovarian endometriosis [7].
Endometriosis was the primary focus of
research of Dr. Sampson from 1921 and continued
until the end of his career [7-9]. These contributions
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Fig.3.2 Ovarian stroma
with endometrial-type
glands associated with
endometrial-type stroma
and recent hemorrhage.
H&E 400x

Fig.3.3 High-power
examination of Fig. 3.2
to better demonstrate
endometrial-type glands
and stroma devoid of
atypia. H&E 200x

earned him the appellation “Father of
Endometriosis.” Not only were these articles of
significant scientific importance, but they were
also written solely by him, but their number (a
total of 18, 14 published in the 1920s), their
length (mean 35 pages), and their numerous gross

and microscopic illustrations would be distinctly
unusual today. Most of the work was conducted
by himself in his own laboratory and with his
own technician, independent of the Pathology
Department of Albany Hospital, where he worked
[7]. In 1936, Cattell and Swinton reviewed the
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Fig.3.4 Example of
endometriosis better
demonstrating cellular
endometrial-type
stroma. H&E 200x

Fig.3.5 Ovarian
endometriotic cyst with
abundant pigment-laden
macrophages. H&E
200x

literature prior to 1921, estimating that fewer
than 20 reports of what would be interpreted
today as endometriosis were published world-
wide to that date [7].

The first report of extraovarian endometriosis is
credited to Rokitansky in 1860, referring extra-
ovarian endometriotic lesions as “adenomyomas”
because of the frequent admixture of endometrial

tissue with benign smooth muscle. That report was
followed by similar reports by von Recklinghausen
between 1893 and 1896. Originally, endometriosis
was considered a congenital lesion of either
Wolffian or Miillerian origin. This theory was sub-
sequently supplanted by the coelomic or serosal
metaplasia theory (attributed to Iwanoff). In his
1898 article, Iwanoff proposed that ectopic
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Fig.3.6 Adjacent area
to Fig. 3.5 that is a more
challenging example of
endometriosis with
abundant histiocytes.
H&E 200x

Fig.3.7 Ovarian
surface adhesions with
clusters of stromal only
cells with decidualized
changes in patient with
known endometriosis
receiving hormonal
treatment.

H&E 200x

endometrial tissue is a result of metaplasia of the
peritoneum. Robert Meyer believed that peritoneal
inflammation stimulated the metaplastic transfor-
mation of the mesothelium to endometrial-like tis-
sue [7]. A more detailed description of Sampson’s
papers and the history of endometriosis can be
found in the excellent publications by Dr. Philip
Clement [7-9].
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Origin of Endometriosis

Much on this topic has been published and
debated, but it is still controversial. In Sampson’s
first paper, he postulated the idea that endome-
triosis could be due to two possibilities. The
endometrium during normal menstrual period
might take a backward direction and flow into
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Fig.3.8 Area of
endometriosis with
ciliated metaplasia as
well as clear cell change
on the right, in an
otherwise classic
example of
endometriosis. H&E
200x

Fig.3.9 Stroma
predominant
endometriosis with focal
endometrial-type
epithelium on the right.
Also note pigment-laden
macrophages consistent
with remote
hemorrhage. H&E 200x

the peritoneal cavity and attach to any organ, a
concept that later would develop into the implan-
tation theory (abnormal menstruation with a
backward flow through the tube). Sampson postu-
lated that “menstrual blood might at times escape
into the pelvis, carrying with it some of the epi-
thelium lining the cyst cavity; this epithelium

may become implanted in the cul-de-sac or other
portions of the pelvis and there give rise to other
foci of endometrial tissue” (Fig. 3.12). Another
possibility was that an ovarian endometrioma
may rupture, spreading its endometrial-type lin-
ing into the peritoneum, indicating that at the
time, endometrioma or ovarian “hematoma” was
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Fig.3.10 Example of
stroma predominant
endometriosis with focal
endometrial-type
epithelium on the right.
Note recent hemorrhagic
foci. H&E 200x

Fig.3.11 Same case as
Fig. 3.8 showing
predominantly ciliated
epithelium, not
supportive of
endometriosis. Also note
lack of endometrial-type
stroma. Other areas had
classic features of
endometriosis. H&E
200x

believed as an independent lesion and not associ-
ating that ovarian endometriosis might also be
related to transtubal spread of endometrial tissue
[7, 10, 11]. Evidence for the theory proposed by
Sampson included finding the endometriotic
lesions during the menstrual life of women, the
presence of a retroflexed uterus favoring a back-

ward flow of menstrual blood, patent tubes indi-
cating that transtubal spread was possible, and
the occurrence of endometriosis in the most sus-
ceptible areas of the ovary for this occurrence [7]
(Fig. 3.13). Additional observations that sup-
ported his theory were reported in subsequent
publications including “...blood may be observed
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Fig.3.12 Gross
example of
endometriosis involving
uterine serosa as well as
ovarian surface on the
right. The enlarged
ovary was in part
replaced by
endometriotic cyst

Fig.3.13 Enlarged
ovary replaced by cystic
lesion containing
chocolate-type content
grossly consistent with
endometriosis

escaping through the lumen of the fimbriated
ends of the tubes of women operated upon during
menstruation...” and finding endometrial tissue
within tubal lumina in removed fallopian tubes
[7] (Figs. 3.14 and 3.15). In 1926, he was able to
quote in support of this belief the experimental
work of Jacobson who successfully “trans-
planted” endometrial tissue into the peritoneum

A.A.Roma

of rabbits [12]. In a paper published in 1927,
Sampson reported a case of embolic endometrio-
sis in the venous circulation. He described a
patient with myomatous uteri who was menstruat-
ing at the time of surgery. Injecting the uterine
cavity with water and melted gelating, he noted
how the menstruating blood was “escaping from
the severed uterine and ovarian veins” [13, 14].
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Fig.3.14 Endometrial-
type tissue involving the
lumen of an otherwise
normal fallopian tube,
suggesting that
endometrial tissue can
travel through the tube.
H&E 100x

Fig.3.15 Patient had
multiple foci of
endometriosis involving
ovaries, uterine serosa,
and peritoneum as well
as endometrial-type
tissue involving the
fallopian tube lumen.
H&E 100x

He suggested that “bits of uterine mucosa, occa-
sionally, might escape into the venous circulation
during menstruation” adding another possibility
to the pathways of endometriosis. It was also
Sampson who introduced the term endometrio-
sis: “The nomenclature of misplaced endometrial
or Miillerian lesions is a difficult one to decide
upon....A variety of lesions is produced by mis-
placed endometrial or Miillerian tissue, and it is

difficult to classify all of them as true tumors....
The term endometriosis is more descriptive than
mullerianosis and is correct in the majority of
instances because we believe that the uterine
mucosa is the chief source of these lesions” [7].
However, Sampson’s work provoked a revival
of the metaplasia theory proposed by Meyer [12].
Criticisms on the retrograde menstruation were
based on the belief that sloughed endometrial
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tissue had become anoxic and nonviable and
accordingly was unable to grow at another loca-
tion [10, 13]. Novak, reexamining the histology
of hundreds of fallopian tubes, found particles of
uterine tissue lying free in the lumen of the tube in
only seven instances. In none had the patient been
menstruating. In at least five of them, the endome-
trial tissue was so large that it was not possible for
them to have entered through the tiny tubes ori-
fice, and as endometrial tissue was also found in a
number of the adjacent ovaries, Novak believed
that the fragments were traveling down the tube
and not up [13, 15]. He challenged the retrograde
menstrual theory to explain such a common con-
dition as pelvic endometriosis. The proponents of
the metaplasia theory pointed out that all the geni-
tal epithelia were derived from the coelomic epi-
thelium and so are related to the peritoneum,
indicating that an irritant can induce the perito-
neum to transform itself into endometrial tissue,
since the endometrium and endosalpinx may be
looked on as modified peritoneum [13, 15].

There is still debate today about the origin of
endometriosis, and it is possible that there is
more than one cause of endometriosis, with the
dominant causative factors varying depending on
the location. There are three clinically distinct
forms of endometriosis, including endometriotic
implants on the surface of the pelvic peritoneum
and ovaries (peritoneal endometriosis), ovarian
cysts lined by endometrioid mucosa (endometri-
omas), and complex solid masses comprised of
endometriotic tissue within adipose and fibro-
muscular tissue, residing between the rectum and
the vagina (rectovaginal endometriotic nodule)
[16]. Their causes could be the same or different
in each site. What is known since the early twen-
tieth century is that endometriosis is related to
uninterrupted ovulatory cycles [16]. It was felt
that the increase in the endometriotic rate in the
1930s was due to delayed marriages, the lack of
early child bearing, probably associated with the
economic difficulties of the great depression era
[15]. Meigs agreed with these concepts and rec-
ommended young couples to have children early
and practice contraception after (not before) they
have children: “couples should be taught how to
have children, not to avoid them” [15].
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Based on the lack of uniform opinion (and
definitive research models proving or disproving
these theories) regarding the origin of endome-
triosis in the ovary (or others sites), different
models are currently being proposed. Proponents
of the coelomic metaplasia theory support that
the peritoneal-mesothelial covering of the adult
ovary retains the ability to differentiate into
serous, endometrioid, and mucinous epithelia,
acquiring a Miillerian epithelium [16, 17].
Recently a different theory has been proposed:
direct implantation of tubal epithelium into the
ovary to form an inclusion cyst, which in turn
might be the site of origin of ovarian serous car-
cinoma is an alternative theory to that of metapla-
sia from the surface epithelium (mesothelium)
[4] (Figs. 3.16 and 3.17). Implantation of fallo-
pian tube epithelium from the fimbria at the time
of ovulation when the surface epithelium is dis-
rupted can explain the derivation of low-grade
and high-grade serous carcinomas [4]. Also,
entrapment of exfoliated endometrial epithelium,
most likely in areas of prior ovulation can be
incorporated into the ovarian tissue, developing
into endometriotic cysts [4, 5].

Irrespective of the cause, it is unclear what
determines the fact that some, but not most,
women develops endometriosis, since most
women have backflow menstruation into the peri-
toneal cavity, but endometriosis occurs in only
5-10 % [18]. Two mechanisms could potentially
explain the preferential implantation of endome-
trial tissue onto the peritoneal surface in some
patients: molecular defects (activation of onco-
genic pathways) and/or immunologic abnormali-
ties (failure of the immune system to clear
implants from the peritoneal surface) [18-26].

Metaplastic Changes and Atypical
Morphologic Features
of Endometriosis

Before molecular and/or genetic studies were
widely available, morphologic features were
identified to try to predict or detect patients with
endometriosis at risk of developing malignancy.
The first lesions described were atypical endome-
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Fig.3.16 Epithelial-
lined cyst adjacent to
ovarian surface with
area of hyalinized
stroma. Possible are
implantations of
fallopian tube epithelium
after ovulation. H&E
40x

Fig.3.17 High-power
examination of
epithelial-lined cyst
adjacent to ovarian
surface with area of
hyalinized stroma.
H&E 200x

triosis and hyperplasia within an ovarian endo-
metriotic cyst [27—44]. In some cases, both terms
were used interchangeably; more specifically,
cases of hyperplasia within ovarian endometrio-
sis were designated atypical endometriosis, simi-
lar to cases of ovarian endometriosis harboring
only cytologic atypia. Atypical endometriosis is
usually characterized by a focal or multifocal

finding of an eosinophilic epithelium, though in
some cases, focal clear cytoplasm could be seen,
in addition to cells with irregular nuclei of vari-
able size, enlarged or with bizarre changes, and/
or hyperchromatic with smudged chromatin and/
or prominent nucleoli (Figs. 3.18, 3.19, 3.20,
3.21, and 3.22). The atypical cells are lined in a
simple epithelium, but the cysts may be focally
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Fig.3.18 Area of
endometriotic cyst
showing epithelial lining
with larger nuclei,
pleomorphism, and high *
nuclear to cytoplasmic
ratio, consistent with
atypical endometriosis.
H&E 200x

Fig.3.19 Another
example of atypical
endometriosis. In this
case, there is abundant
inflammation, and the
changes could be
reactive in nature. H&E
200x

stratified as small papillary structures [45].
Inflammatory cells can accompany this epithe-
lium. It is often difficult to determine the true
nature of these changes, which may range from
being entirely reactive changes (and accordingly
benign) to, at the opposite end of the spectrum,

being compatible with a neoplasm and mimick-
ing or suggesting a clear cell carcinoma
(Figs. 3.22, 3.23, 3.24, and 3.25). Frequently the
epithelium is discontinuous, leaving the underly-
ing stroma with hemosiderin-laden macrophages,
pseudoxanthoma cells, fibrinous material, and/or
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Fig.3.20 Different
areas of atypical
endometriosis; same
case as Fig. 3.19. H&E
200x

Fig.3.21 Different
areas of atypical
endometriosis; same
case as Fig. 3.19. H&E
200x

loose fibrous tissue with hemorrhage. Epithelial The rate of atypical endometriosis is very low,
stratification and/or papillae can be seen [27]. intherange of 1.7-3.6 % as reported by Fukunaga
Cases of hyperplasia within endometrioma show et al. and Czernobilsky and Morris [28, 29]. The
similar features to that seen in the endometrium, rate of malignant transformation in atypical
including crowded, simple, or complex glands endometriosis was 25 % in Fukunaga’s study
with or without cytologic atypia (Figs. 3.26, 3.27, (one of four patients with atypical endometriosis
3.28, and 3.29). developed carcinoma after 2.5 years of follow-up).
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Fig.3.22 Atypical
endometriosis. In this

case, the cytoplasm

shows clear cell change

and incipient papillary
formations, raising the
possibility of

progression to clear cell
carcinoma. H&E 100x ‘

Fig.3.23 High-power
examination showing
clear cell change in the
cytoplasm. Other areas
showed classic solid and
glandular features of
clear cell carcinoma.
H&E 200x

While in Seidman’s study, only 1 of 20 patients
with complex atypical hyperplasia or “early car-
cinoma” developed clinically evident endometri-
oid adenocarcinoma after 8.6 years of follow-up
[28, 33]. A recent report described the case of a
patient that started with ovarian endometriosis
and progressed to atypical ovarian endometriosis

and ovarian endometrioid carcinoma 10 years
after the original diagnosis [46].

Two things are worth emphasizing at this
point: first, the importance of thorough histologic
sampling of the tissue when significant atypia or
hyperplasia is identified in endometriosis (sub-
mitting the entire lesion is recommended) and
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Fig.3.24 Examples of
atypical clear cells lining
an endometriotic cyst
suggesting incipient
clear cell carcinoma (or
carcinoma in situ). H&E
200x

Fig.3.25 Examples of
atypical clear cells lining
an endometriotic cyst
suggesting incipient
clear cell carcinoma (or
carcinoma in situ).

H&E 200x

second, the metaplastic changes that can occur in
endometriosis and mimic neoplastic changes.
Similarly to the uterine endometrium, the
epithelial lining of ovarian endometriosis can
undergo metaplastic, hyperplastic, and atypical

changes and even malignant transformation [29,
32, 44]. Metaplasia is a replacement of the endo-
metrial epithelium with an epithelium that is nor-
mally encountered in another organ of derivation
[32, 44]. Metaplastic changes can create difficulty
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Fig.3.26 Clustered
endometrial glands in
endometriotic cyst,
consistent with
hyperplasia within
ovarian endometriosis.
H&E 200x

Fig.3.27 Detached
fragments of
hyperplastic endometrial
glands within a large
endometriotic cyst. H&E
100x

diagnosing the underlying endometriosis or sug-
gesting a different diagnosis (Figs. 3.30 and 3.31).
Most common changes include ciliated change,
exemplifying the close relationship of tubal-type
epithelium, eosinophilic, hobnail or clear cell,
squamous, and mucinous metaplasia. In a study
of 388 ovarian endometriosis cases, the most

common type of metaplasia was eosinophilic or
oncocytic (5.6 %) followed by mucinous meta-
plasia (5.3 %), while the other types of metapla-
sia accounted for less than 2 % each [32]. The
majority of metaplasias in ovarian endometriosis
are observed in cases not associated with malig-
nant epithelial tumor or atypia and should not be
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Fig.3.28 High-power
examination showing
cytologic atypia
consisting of focal
enlarged round nuclei
and prominent nucleoli.
H&E 200x

Fig.3.29 Low-power
examination of polypoid
area within an
endometriotic cyst,
consistent with polypoid
endometriosis,
differential diagnosis of
hyperplasia. H&E 40x

interpreted as neoplastic features [44]. However,
cases of mucinous borderline tumors, endocervi-
cal type, also associated with endometriosis usu-
ally harbor areas of endometriosis with mucinous
metaplasia adjacent to the tumor [44].
Occasionally, endometriotic glands in women
with an intrauterine or ectopic pregnancy exhibit

overt secretory changes that may include Arias-
Stella reaction [47] (Figs. 3.32, 3.33, 3.34, and
3.35). The changes include nuclear enlargement
and hyperchromasia and/or optically clear nuclei
with prominent nucleoli and cytoplasmic vacuol-
ization or clearing due to accumulation of intra-
cellular glycogen. Arias-Stella changes in glands
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Fig.3.30 Low- and
high-power
examinations of an
endometriotic cyst. Note
the lining with cilia,
indicative of tubal
metaplasia and the
cellular endometrial-
type stroma and
occasional pigment-
laden macrophages.
H&E 100x

Fig.3.31 Low- and
high-power
examinations of an
endometriotic cyst. Note
the lining with cilia,
indicative of tubal
metaplasia and the
cellular endometrial-
type stroma and
occasional pigment-
laden macrophages.
H&E 200x

containing nuclei showing markedly pleomor-
phic features (monstrous cell type) can in occa-
sion be seen. These changes mimic atypical
endometriosis or clear cell carcinoma. The his-
tory of pregnancy, or changes seen in a young and
fertile patient, might alert to the possibility of the
presence of benign features. If the lesion presents

in postmenopausal patients or if the differential
diagnosis is still problematic, immunostains for
KI-67 and Estrogen receptors (ER) can distin-
guish Arias-Stella reaction from clear cell carci-
noma and other types of high-grade carcinomas
[48]. In one study that comparatively assessed the
expression of these markers in uterine carcinomas
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Fig.3.32 Low power
examination of
Arias-Stella change
within endometriotic
cyst raising the
possibility of clear cell
carcinoma. Patient was
37 weeks pregnant, and
the ovarian cyst was
resected during cesarean
section. H&E 100x

Fig.3.33 High power
examination of
Arias-Stella change
within endometriotic
cyst raising the
possibility of clear cell
carcinoma. Patient was
37 weeks pregnant, and
the ovarian cyst was
resected during cesarean
section. H&E 200x

and uterine Arias-Stella reaction [48], the former
had a low KI-67 proliferation index, while clear
cell carcinoma expressed KI-67 broadly with
increased intensity (Fig. 3.31). ER was negative
in all tested clear cell carcinoma cases, while
Arias-Stella reaction was positive in about 50 %
of the cases.

Molecular Features of Ovarian
Endometriosis and Associated
Carcinomas

Molecular distinctions between endometrium
and ovarian endometriosis have been detected
including increase production of estrogen,
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Fig.3.34 Arias-Stella
change within endo-
metriotic cyst raising the
possibility of clear cell
carcinoma. Patient was
37 weeks pregnant, and
the ovarian cyst was
resected during cesarean
section. H&E 200x

Fig.3.35 Immunostain
for KI-67 in case of -
Arias-Stella change L
showing only focally L i g
positive nuclei, while b oV, y
clear cell carcinoma - .9 ? - o
demonstrates a more
diffuse staining i
pattern. 200x
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prostaglandins, metalloproteinases, inflamma-
tory cytokines, and chemokines in endometriotic
tissues [20-24, 49-54]. Increased levels of acute
inflammatory cytokines including several inter-
leukins were proposed to help with implantation
of endometrial tissue fragments onto ovarian and
peritoneal surfaces. In addition, hormones, such
as estrogen, play an important role in endometriosis,
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in part regulated by promoter methylation of the
estrogen receptor f gene [18, 55].

Ovarian endometriosis bears genetic instability
or damages caused by iron-dependent oxidative
stress. DNA damage and loss of heterozygosity
(LOH) caused by oxidative stress are critical
factors in the carcinogenic process with down-
regulation of some tumor suppressor genes and
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overexpression of specific candidate oncogenes
implicated in tumorigenesis [56]. Different
molecular changes are responsible in develop-
ment of ovarian clear cell carcinoma and endo-
metrioid carcinoma from endometriosis.

In 1996, British investigators examined for the
first time DNA from endometriosis to analyze if
these samples harbored alterations that could also
be seen in ovarian endometrioid carcinoma [57].
While the cases of endometriosis did not harbor
alterations in TP53 and KRAS genes, allelic
losses in tumor suppressor genes located on
chromosome 9p (18 %), 11q (18 %), and 22q
(15 %) were identified. Eleven (28 %) of the 40
cases demonstrated LOH at one or more of these
loci. In a latter study, Sato et al. evaluated the
tumor suppressor gene PTEN/MMACI, located
on chromosome arm 10q (10q23.3) [58]. LOH at
this site occurred in 56 % of endometriotic cysts,
similar to that seen in 42 % ovarian endometrioid
carcinomas and 27 % clear cell carcinomas.
Somatic mutations in phosphatase and tensin
homolog (PTEN) were identified in 20 % ovarian
endometrioid carcinomas, 8 % ovarian clear cell
carcinomas, and 20 % endometriotic cysts.

Other studies have found LOH within ovarian
endometriosis (including atypical endometriosis)
at candidate ovarian tumor suppressor gene loci
and LOH events or other genetic alterations com-
mon to the endometriosis and synchronous
ovarian carcinomas, including 7P53 [41, 42, 59].
Recent whole genome or targeted sequencing
studies have identified frequent mutations of
PTEN (14-20 %), CTNNBI (16-53.3 %), and
KRAS most commonly associated with ovarian
endometrioid cancer [60-63].

Based on the different morphology, it is under-
standable that clear cell carcinoma harbors differ-
ent molecular changes, although a few
commonalities exist. Kuo KT et al. demonstrated
ovarian clear cell carcinomas with mutations of
PIK3CA (33 %), TP53 (15 %), KRAS (7 %),
PTEN (5 %), CTNNBI (3 %), and BRAF (1 %)
genes [64]. Sequence analysis of PIK3CA in 28
clear cell carcinomas and clear cell carcinoma
cell lines showed a mutation frequency of 46 %.
Samples with PIK3CA mutations showed intense
phosphorylated AKT immunoreactivity. These
findings demonstrate that ovarian clear cell

carcinomas have a high frequency of activating
PIK3CA mutations [64].

Additional studies evaluated PIK3CA muta-
tion in clear cell carcinomas. Yamamoto et al.
detected somatic mutations of the PIK3CA gene
in 10/23 (43 %) ovarian clear cell carcinomas,
and in all cases the type of mutation was H1047R
in the kinase domain [65]. The identical H1047R
mutation was also detected in the coexisting
endometriotic epithelium, adjacent to the clear
cell carcinoma, in nine of ten (90 %) cases.
Moreover, in six of the nine lesions, the HI047R
mutation was identified even in the endometrio-
ses lacking cytologic atypia supporting evidence
of endometriosis as a precursor lesion. In a sub-
sequent study, these investigators increased the
sample size to 88 informative cases, and PIK3CA
gene mutations were identified in 39 % of cases
[66]. Findings also associated with the mutation
included cystic tumor, the presence of adjacent
endometriosis, prominent papillary architecture
of tumor growth, the presence of hyalinized and
mucoid stroma, and the absence of clear cell ade-
nofibroma components [66].

Protein markers specific for ovarian clear cell
carcinoma associated with endometriosis have
also been evaluated. Hepatocyte nuclear factor-1f
(HNF-1p), a transcription factor shown to be sig-
nificantly upregulated in ovarian clear cell carci-
noma, is rarely expressed in ovarian non-clear
cell carcinoma specimens [67], while endome-
trial non-clear cell carcinomas have varied stain-
ing [68]. Similarly, Kato et al. identified
expression of HNF-1fin 9 of 17 clear cell tumors
associated with endometriosis, including five
cases of reactive endometriotic epithelium and
four cases of atypical endometriosis [68]. In the
same study, 16 of 40 cases of endometriosis not
associated with a primary clear cell ovarian carci-
noma also displayed HNF-1p expression.
However, the expression of HNF-1p was almost
exclusively detected in the epithelium showing
inflammatory atypia [69].

Lastly, molecular/genetic changes have been
identified in endometriotic lesions adjacent to
malignancy, linking endometriosis, clear cell car-
cinoma, and endometrioid carcinoma. Wiegand
et al. identified mutations of the tumor suppressor
gene ARIDIA that are common to endometrioid
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and clear cell ovarian carcinomas [70]. In their
study, mutations in AT-rich interactive domain-
containing protein 1A (ARID1A) were seen in 55
of 119 ovarian clear cell carcinomas (46 %), 10 of
33 endometrioid carcinomas (30 %), and none of
the 76 high-grade serous ovarian carcinomas [70].
A total of 17 samples (12 of ovarian clear cell car-
cinoma and 5 of endometrioid carcinoma) each
had two validated ARID1A mutations. In addition,
immunohistochemical  expression loss  of
BAF250a protein correlated strongly with the
ovarian clear cell carcinoma and endometrioid
carcinoma subtypes and the presence of ARIDIA
mutations, implicating ARIDIA as a tumor sup-
pressor gene frequently disrupted in ovarian clear
cell and endometrioid carcinomas. Two patients
with ovarian clear cell carcinomas -carrying
ARIDIA mutations had contiguous atypical endo-
metriosis. Both cases demonstrated ARIDIA
mutations and loss expression of BAF250a protein
in the clear cell carcinoma and the contiguous,
atypical endometriosis, but not in distant areas of
endometriosis [70]. HNF-1p was expressed in the
ovarian clear cell carcinoma but not in the contigu-
ous atypical or distant endometriosis.

In an immunohistochemical evaluation of
ARIDI1A (BAF250a) protein expression in 90 clear
cell carcinoma cases, Yamamoto et al. reported the
intensity of immunoreactivity for BAF250a as neg-
ative, weakly positive, and strongly positive in
44 %, 22 %, and 33 % of tumors, respectively.
Compared to tumors immunoreactive for
BAF250a, BAF250a-negative tumors were signifi-
cantly associated with the presence of adjacent
endometriosis and more frequently harbored
PIK3CA mutations (P=0.013) [66].

The same group analyzed PIK3CA mutation
and ARIDIA immunoreactivity in ovarian clear
cell carcinomas associated with endometriosis
and clear cell adenofibroma (another precursor
lesion of clear cell carcinoma described later)
[71]. ARID1A immunoreactivity was deficient in
17 (61 %) of the 28 endometriosis-associated
carcinomas and 6 (43 %) of the 14 adenofibroma-
associated carcinomas. Among the precursor
lesions adjacent to the 23 ARID1A-deficient car-
cinomas, 86 % of the classic endometriosis (12 of
14) and 100 % of the atypical endometriosis
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(14 of 14), benign (3 of 3), and borderline (6 of 6)
clear cell adenofibroma components were
ARID1A deficient. In contrast, in the 19 patients
with ARID1A-intact carcinomas, all of the adja-
cent precursor lesions retained ARID1A expres-
sion regardless of their types and presence/
absence of atypia. Analysis of 22 solitary endo-
metrioses and 10 endometrioses distant from
ARID1A-deficient carcinomas showed that all of
these lesions diffusely expressed ARIDIA.
Among the 42 clear cell carcinomas, somatic
mutations of PIK3CA were detected in 17 (40 %)
tumors. The majority (71 %) of these were
ARID1A-deficient carcinomas. These results
suggest that loss of ARID1A protein expression
occurs as a very early event in ovarian clear cell
carcinoma development, similar to the pattern of
PIK3CA mutation, and frequently coexists with
PIK3CA mutations [71]. This indicates that the
loss of BAF250a protein expression is suggestive
for the presence of ARID1A mutations and repre-
sents a useful marker of malignant transforma-
tion of endometriosis [62].

Clear Cell Adenofibroma

Besides endometriosis, clear cell adenofibroma is
another precursor lesion that has been associated
with clear cell carcinoma. Schiller and colleagues
described a variant, of what is now known clear
cell carcinoma, with an adenofibromatous pattern
among cases referred to as “parvilocular cys-
toma” [72, 73]. The same tumor was later named
“mesonephroma” or mesonephric tumor, but
based on its association with endometriosis,
including DES-exposed carcinoma in vaginal
adenosis (endometriosis), it is currently named
clear cell carcinoma and is widely considered to
be of Miillerian origin [74-76].

Features of Clear Cell Adenofibroma

The tumor is composed of glands separated by
abundant fibromatous stroma. The glands are
typically small to medium size, mostly round,
uniform, and occasionally filled with eosino-
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Fig.3.36 Clear cell
adenofibroma composed
of fibromatous stroma
and glands lined by cells
with clear cytoplasm and
hobnail features

Fig.3.37 High-power
examination of clear cell
adenofibroma. H&E
200x

philic secretions. They are lined by one or two
layers of flat to low-cuboidal cells with scant to
moderate pale or clear cytoplasm. The nuclei
are usually small, uniform, and oval to round.
The nuclei exhibit either no or mild atypia, but
notable nuclear atypia is not present. Mitotic
figures are usually not identified. When tumors
have similar features but exhibit greater cyto-

logic atypia or mitotic figures but fall short of a
diagnosis of clear cell carcinoma, they are usu-
ally diagnosed as borderline clear cell tumors.
Other features in the latter tumors include com-
plex glandular pattern, crowded glands, and epi-
thelial stratification [76-80] (Figs. 3.36, 3.37,
3.38, 3.39, 3.40, 3.41, 3.42, 3.43, 3.44, 3.45,
3.46, 3.47, and 3.48).



58

Fig.3.38 Clear cell
tumor with focal nuclear
atypia raising the
possibility of a
borderline tumor. H&E
100x

Fig.3.39 Clear cell
tumor with focal nuclear
atypia raising the
possibility of a
borderline tumor. H&E
100x

Evidence for Clear Cell Adenofibroma
as Precursor Lesion of Clear Cell

Carcinoma

In 1985, Bell and Scully described several tumors
with clear cell features, including three tumors
with clear cell features that showed no significant

epithelial atypia and were classified as benign.
Twelve tumors contained glands or small solid
nests composed of epithelial cells with nuclear
characteristics of low-grade malignancy without
invasion of the stroma and were designated as
borderline tumors. Three predominantly border-
line tumors with focal microinvasion of the stromal
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Fig.3.40 High-power
examination
highlighting nuclear
atypia and hobnail
changes. H&E 200x

Fig.3.41 High-power
examination
highlighting nuclear
atypia and hobnail
changes. H&E 200x

component were also described [77]. These and
other reports of small clear cell carcinomas or
microinvasive tumors arising in a fibromatous
background suggested an adenofibroma—carci-
noma sequence [3, 78-80].

However, recently, two pathways for the devel-
opment of clear cell carcinoma have been pro-
posed including the endometriosis—clear cell

carcinoma relation explained in the previous sec-
tion and the adenofibroma—carcinoma sequence.
[3, 80-82]. Different clinicopathologic and molec-
ular findings between endometriosis-associated
clear cell carcinoma and those tumors containing
an adenofibromatous background have been
reported, proposing that each may have a differ-
ent pathogenesis [3, 80-82]. However, some



60

Fig.3.42 Different
patterns of clear cell
carcinoma.
Predominantly
glandular. H&E 100x

Fig.3.43 Different
patterns of clear cell
carcinoma. Glandular
and focal papillary
patterns in clear cell
carcinoma. H&E 100x

adenofibromatous tumors have been associated
with endometriosis making unclear if these are
really two different pathways.

Yamamoto et al. studied 14 clear cell carcino-
mas associated with a fibromatous background
that included clear cell adenofibroma and border-

line tumor [80]. For all informative loci, the fre-
quency of LOH in clear cell carcinoma was 49 %
(54/110 loci) and was significantly higher than
those in the components of clear cell adenofi-
broma (22 %, 20/92 loci) and borderline
tumor (30 %, 25/83 loci). The concordance
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Fig.3.44 Different
patterns of clear cell
carcinoma. Glandular
and focal papillary
patterns in clear cell
carcinoma.

H&E 100x

Fig.3.45 High-power
examination of papillary
pattern of clear cell
carcinoma with
significant nuclear
atypia. H&E 200x

rate in allelic patterns at all informative loci
was 74 % between adenofibroma and carcinoma,
81 % between borderline tumor and carcinoma,
and 95 % between adenofibroma and borderline
tumor. An identical LOH pattern, involving the
same alleles, was identified between adenofi-

broma and carcinoma in 13 (93 %) of the cases,
very unlikely to have occurred by chance.
Among the markers examined, LOH on 5q, 10q,
and 22q was frequent in both adenofibroma and
carcinoma, whereas LOH on 1p and 13q was
rare in adenofibroma but frequent in carcinoma.
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Fig.3.46 High-power
examination of papillary
pattern of clear cell
carcinoma with
significant nuclear
atypia. H&E 200x

Fig.3.47 Papillary
pattern of clear cell
carcinoma with
hyalinized stroma and
hobnail epithelium.
H&E 100x

These findings suggested that clear cell adenofi-
broma can be a clonal precursor of ovarian clear
cell carcinoma [80].

The same investigators compared LOH in
clear cell carcinomas with a fibromatous back-
ground (14 cases) and those associated with
endometriosis (20 cases) [81]. For all informative

loci, the frequency of LOH was not statistically
different between the two carcinoma groups:

38 % (66/172 loci) in the endometriosis-
associated carcinomas and 35 % (40/113 loci) in
the clear cell carcinomas associated with a fibro-
matous background. However, LOH differences
were detected at several loci; the frequencies of
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LOH at chromosomes 3p, 5q, and 11q were sig-
nificantly higher in the endometriosis-associated
carcinomas than in the clear cell-associated car-
cinomas, further supporting the presence of two
distinct carcinogenic pathways to ovarian clear
cell adenocarcinoma [81].

Subsequent morphologic studies compared
clear cell carcinomas that were predominantly
cystic and associated with endometriosis and
those that had a fibromatous background includ-
ing adenofibroma or borderline tumor [3, 82].
Veras et al. analyzed 122 clear cell carcinoma
cases [3]. Cystic clear cell carcinoma was more
frequently diagnosed as stage I compared with
adenofibromatous clear cell carcinoma (75 % vs.
44 %). Conversely, adenofibromatous clear cell
carcinomas were diagnosed more often in
advanced stages (stages II-IV) compared with
cystic clear cell carcinomas (56 % vs. 18 %).
Clear cell carcinomas with the cystic and adeno-
fibromatous background were associated with
endometriosis and atypical endometriosis.
However, endometriosis was found in 91 % of
ztriosis was seen in 62 % of cystic clear cell car-
cinomas. Endometriosis was found in 44 % of
clear cell carcinomas with adenofibromatous
background, and atypical endometriosis was seen

in 11 % of these cases. Cystic clear cell carcino-
mas were predominantly papillary (47 % of
cases), whereas none of the adenofibromatous
carcinomas displayed a predominantly papillary
pattern. A more favorable outcome was observed
for cystic clear cell carcinoma compared with
adenofibromatous clear cell carcinoma (2-year
and 5-year survival for the cystic clear cell carci-
nomas was 82 % and 77 % and was 62 % and
37 % for adenofibromatous clear cell carcino-
mas) [3].

Zhao et al. reviewed 472 clear cell neoplasms
including 427 carcinomas [82]. One third of car-
cinomas had an adenofibromatous background.
Similarly to the study by Veras et al., endometrio-
sis was found in all types of tumors, but it was
more frequent in carcinomas with cystic back-
ground (endometriotic cysts). Tumors associated
with a cystic background occurred in younger
patients; these tumors more commonly had a
mixed carcinoma component of non-clear cell
type, had more papillary architecture, were more
frequently oxyphilic, and were more frequently
associated with atypical endometriosis. The
authors finally speculated that some clear cell
carcinomas are derived from epithelial atypia
arising in an endometriotic cyst that later evolves
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into clear cell carcinoma, while in other carcinomas,
non-cystic endometriosis induces a fibromatous
reaction resulting in the formation of adenofi-
broma, which then develops into borderline
tumor and subsequently clear cell carcinoma.
The absence of endometriosis or adenofibroma-
tous components in some clear cell carcinomas
may be due to overgrowth and obliteration by the
invasive carcinoma [82].

Based on all the presented data, two distinc-
tive pathways occur in ovarian clear cell
carcinomas. Clear cell carcinoma, predominantly
cystic tumors but probably solid tumors as well,
arises from endometriosis and atypical endome-
triosis. Clear cell carcinoma, predominantly solid
tumors, arises from clear cell adenofibromas or
borderline tumors. It is still uncertain whether
these benign/borderline clear cell lesions also are
developed from endometriosis.

Endometrioid Adenofibroma

Similarly to clear cell carcinoma, endometrioid
adenofibroma and borderline tumor have been
proposed as possible precursor lesions of ovarian
endometrioid adenocarcinoma; however, these
tumors have been less frequently studied than
their clear cell counterpart.

Features of Endometrioid
Adenofibroma

Kao et al. reported the first series of 12 endome-
trioid adenofibromas, in a paper titled “Unusual
cystadenofibromas” that also included mucinous
and clear cell adenofibromas [83]. Two years
later, Roth et al. reported 10 additional cases and
classified endometrioid adenofibromas as benign,
proliferating, and those associated with adeno-
carcinoma (low malignant potential) [84].
Grossly, these lesions have variable size, from
small to very large, over 15 cm lesions. They
have either smooth fibroma-like external surface
or show a cauliflower-like appearance with papil-
lary excrescences, usually thick of fibrotic, as
opposed to the more edematous ones seen in

A.A.Roma

serous borderline tumors. Cut surface is firm and
densely fibrous with multiple cysts. If the cysts
are microscopic, the term “adenofibroma” is the
preferred one, while if the lesion is predomi-
nantly cystic, “cystadenofibroma” should be the
preferred diagnosis.

Microscopic examination reveals that the
tumors consist of well-spaced endometrial-type
glands set in fibrous stroma. The glands vary
from tubular to dilated and often had pseudostrat-
ified columnar lining. Nuclei are regular and uni-
form. Mitoses are not apparent. Squamous
metaplasia can be present. The stroma usually
appears less cellular and more collagenized.

If there is a greater degree of epithelial pro-
liferation, more complicated architectural pattern
with occasional intraglandular papillary infold-
ings, epithelial atypia, and mitosis, the designa-
tion “endometrioid borderline tumor” or atypical
proliferative tumor is justified [85]. Areas of glan-
dular crowding are usually seen resembling those
seen in endometrial hyperplasia. Occasionally, it
is difficult to determine when a lesion is complex
and atypical enough to reach a diagnosis of well-
differentiated endometrioid adenocarcinoma.
Criteria that are applicable in the uterus, with
all associated difficulties in their application,
are used, including a combination of complex or
confluent glandular or papillary architecture with
gland fusion, stromal invasion, and significant
atypia (Figs. 3.49, 3.50, 3.51, 3.52, 3.53, 3.54,
3.55,3.56, 3.57, 3.58, and 3.59).

Evidence for Endometrioid
Adenofibroma as Precursor Lesion
of Endometrioid Carcinoma

After describing endometriosis, Sampson
reported cases of ovarian carcinoma that he
believed arose from endometriosis [86, 87]. To
qualify, these cases should be seen in an endome-
triotic background and could not be demonstrated
as invading from elsewhere. After that study,
investigators reported ovarian carcinomas that
morphologically resembled endometrial carcino-
mas, some seen in an endometriotic background,
while others were accompanied by similar tumors
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Fig.3.49 Endometrioid
adenofibroma with focal
clustered glands
diagnosed as borderline
tumor.

H&E 40x

Fig.3.50 High power
of Fig. 3.49, showing
glandular cluster with
minimal atypia, not
sufficient for a diagnosis
of carcinoma. H&E
100x

in the uterus [87]. To unify terminology, the
Cancer Committee of the International Federation
of Gynecologic and Obstetrics appointed a group
of experts in the field who agreed on the term
endometrioid carcinoma to designate primary
ovarian carcinomas morphologically resembling
carcinomas arising in the uterus [87].

Scully and colleagues described ovarian

endometrioid carcinomas, those associated
with endometriosis, and those where endome-
triosis was not evident. In addition, they also
described three occurrences of benign endo-
metrioid tumors, one of them composed of
epithelial glands of endometrial-type, foci of



66

Fig.3.51 Endometrioid
tumor with crowded
glands but lacking
significant atypia. The
background showed
endometrioid
adenofibroma, and this
areas qualified as
borderline tumor.

H&E 100x

Fig.3.52 Contralateral
ovary as above figure
with crowded and
irregular glands. Note
nuclear atypia consistent
with well-differentiated
endometrioid
adenocarcinoma.

H&E 100x

squamous differentiation, and fibrotic back-
ground: endometrioid adenofibroma (adenoac-
anthofibroma). Previously, in 1949, Hughesdon
reported an adenofibroma with areas of endo-
metriosis [88]. This study prompted inclusion of
endometrioid adenofibroma into the 1973 World
Health Organization (WHO) as a separate entity

[89]. In the following decades, several studies
reported tumors that were described as endome-
trioid adenofibroma, some of which were asso-
ciated with endometriosis and others combined
with adenocarcinoma [82, 83, 90-93].

In summary, endometrioid adenofibromas
was first recognized in the background of ovar-
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Fig.3.53 Different
patterns of endometrioid
adenocarcinoma with
glandular and papillary/
villoglandular features.
H&E 100x

Fig.3.54 Different
patterns of endometrioid
adenocarcinoma with
glandular and papillary/
villoglandular features.
H&E 100x

ian endometrial-like carcinomas with fibroma-
tous stroma. Some authors classified them as
benign endometrioid adenofibroma, prolifera-
tive or associated with carcinoma, suggesting
a link or adenofibroma—carcinoma sequence.
Endometrioid adenofibroma was also included as

a benign counterpart of endometrioid carcinoma
in the 1973 WHO classification [87]. In addition,
some of these tumors occurred in a background
of endometriosis in the same or contralateral
ovary or in another pelvic site, linking all these
lesions with endometrioid carcinoma.
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Fig.3.55 Endometrioid
adenocarcinoma with
glandular and associated
solid component
consistent with
high-grade endometrioid
carcinoma. H&E 100x

Fig.3.56 Endometrioid
adenocarcinoma with
glandular and associated
solid component
consistent with
high-grade endometrioid
carcinoma. Note central
Necrosis.

H&E 100x

Fallopian Tube Origin of Ovarian
Endometrioid Carcinomas?

In the past decade, an attempt to determine the ori-
gin of the ovarian surface epithelial tumors has pro-
vided a new potential site of origin: the fallopian
tube epithelium [4, 5, 94, 95]. The origin of ovarian
epithelial tumors from the surface epithelium had

A NP LN L X S
LR

S 0
3§ Byt
‘_ _b ..'
VAR e

been questioned for some time [96]. In addition, as
previously mentioned, while Sampson’s retrograde
menstruation theory (transtubal spread of endome-
trial tissue) is widely accepted, it is still controver-
sial, leaving room for other possible precursors of
endometrioid and/or clear cell carcinoma.
Recently, some studies were published linking
tubal epithelium and ovarian carcinomas with
endometrioid features [97-99]. The Zheng group



3 Precancerous Lesions of Ovarian Clear Cell and Endometrioid Carcinomas 69

Fig.3.57 Diffuse
cytoplasmic
immunostain for
cytokeratin 7 to
differentiate from
metastatic carcinoma
from colonic origin.
100x

Fig.3.58 Diffuse
nuclear immunostain for
PAXS that supports a
Miillerian origin and
differentiates from
metastatic carcinoma
from colonic origin.
100x

recently reported a novel study that raised the
possibility that the fallopian tube is a contributor
to ovarian endometriosis [100]. The basic ratio-
nale is that tubal mucosa is known to be able to
form endometrial-like tissue at the morphologic
level. Tubal epithelia may then shed viable cells
onto the ovarian surface possibly leading to
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endosalpingiosis or ovarian epithelial inclusion
cysts, a common finding within the ovary in 30 %
of the cases [100]. Previously, the authors reported
that the ovarian epithelial inclusions could be
transformed into ovarian endometriosis through a
probable metaplastic process [17]. The authors
studied the differentially expressed genes FMO3
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Fig.3.59 Diffuse
nuclear immunostain for
PAXS that supports a
Miillerian origin and
differentiates from
metastatic carcinoma
from colonic origin.
100x

——

and DMBTI. FMO3 is highly expressed in the
tubal epithelia while low in the endometrium. In
contrast, DMBT1 is high in the endometrium but
low in the fallopian tube. In 32 ovarian endome-
triosis cases analyzed by real-time PCR, 18
(56 %) showed a high level of FMO3 expression
and a low level of DMBTI expression. However,
14 (44 %) ovarian endometriosis cases showed a
reversed expression pattern with these two mark-
ers. Results were similarly seen utilizing western
blot and immunohistochemistry. The findings
suggest that approximately 60 % of the ovarian
endometriosis cases studied may be derived from
the fallopian tube, whereas about 40 % of the
cases may be of endometrial origin [96]. This
data is preliminary and has yet to be reported
from other laboratories.

Van der Horst et al. reported on a mouse model
that mutations (activation of Wnt/b-catenin) in the
distal oviduct resulted in precursor lesions that
developed into ovarian tumors, resembling human
endometrioid ovarian cancer [97]. In the study,
adenomatous polyposis coli (APC) knockout
mice were used to study the activation of Wnt/b-
catenin signaling in Miillerian duct-derived
organs. Using nuclear b-catenin staining, Wnt/b-
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catenin signaling activation was confirmed in the
entire epithelium of the adult Miillerian duct (fal-
lopian tube, including fimbrial epithelium and
endometrium) but was absent in ovarian surface
epithelium. In addition, 62.5 % of mice developed
tumors in the distal and fimbrial part of the tube.
In the ovaries, mainly at young age, in 16.3 % of
mice, epithelial inclusion cysts were noted, which
developed further into endometrioid ovarian
tumors, resembling human endometrioid ovarian
cancer.

Lastly, Tanwar et al. similarly reported that
APC-deleted mice with B-catenin expression led
to the development of epithelial inclusion cysts
[98]. However, in this study, the epithelium origi-
nating from the ovarian cysts was the ovarian sur-
face epithelium and not the tubal epithelium.
High-grade ovarian lesions composed of tightly
packed villoglandular histology were observed in
older APC-deleted mice. PTEN expression was
elevated in the early lesions but lost after progres-
sion to more advanced tumors. Knockdown of
APC or expression of a gain-of-function of
B-catenin similarly induced human ovarian sur-
face epithelial cells to develop into tumors with
endometrioid histology. Expression of HOXA10
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was induced in both the advanced APC-deleted
murine tumors and in the tumor xenografts of
human ovarian surface epithelium with knocked
down APC. These results suggested that reduced
APC activity is sufficient to induce formation of
epithelial inclusion cysts and support ovarian
inclusion cyst development and that induced
HOXA10 expression and loss of PTEN are key
mechanisms driving endometrioid differentia-
tion. Additional studies are required, but these
studies add a new possibility for the development
of ovarian endometrioid carcinomas.

Summary

In this chapter, the author reviewed the most
common precursor lesions of endometrioid and
clear cell carcinomas of the ovary, including new
molecular advances providing insights into their
molecular pathogenesis and origins.

The issue of precursor lesions causes one to
reflect on the puzzling discrepancy between the
two gonads, ovary and testis, in their incidences
of the different tumor types. The testis primarily
harbors germ cell tumors and less commonly
sex cord tumors, while epithelial tumors are
extraordinarily rare. The testis is also lined by
epithelium, a modified mesothelium. The testis,
however, lacks the company of the fallopian
tube. The ovary, which is also covered by a
modified mesothelium, primarily harbors epi-
thelial tumors. Although Sampson, close to a
century ago, suggested that the endometrial-like
tissue and carcinomas seen in the ovary were
related with extraovarian tissue (endometrial
tissue), a theory suggesting metaplasia of the
ovarian surface epithelium was for most part of
the century accepted as the most likely explana-
tion. The same coelomic metaplasia theory led
most investigators to believe that epithelial
tumors within the ovary were originating in the
only epithelium identified in the ovary (surface
epithelium). The fallopian tube was ignored for
the most part. It probably did not help that the
most common sections submitted of the tube
were the infundibular or ampullary regions,
instead of the fimbria.

At present, the pendulum appears to have
swung to the opposite side, and an attempt to
explain all epithelial ovarian lesions as arising for
the tubal epithelium is increasingly favored by
investigators. Time and additional research will
hopefully uncover the real truth. What is clear,
for now, is that at least a subset of clear cell and
endometrioid adenocarcinomas evolves from
endometriosis.
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Introduction

Precancerous lesions of the upper female genital
tract are frequently diagnosed only after a defini-
tive surgical procedure has been performed. The
exception is precancerous lesions of the endome-
trium, which are usually diagnosed on either
office endometrial sampling via pipelle biopsy,
or at the time of dilation and curettage. This
chapter will review current clinical management
and the existing data that supports these recom-
mendations. For those lesions that are typically
diagnosed post hoc, subsequent treatment is also
reviewed.

Precancerous Lesions of the Uterus
Endometrial Hyperplasia

Simple endometrial hyperplasia is associated
with a relatively low risk of progression to carci-

noma. Therefore, nonsurgical treatment is usu-
ally chosen. Progesterone has been the
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cornerstone of nonsurgical treatment since the
1960s. This could be administered either system-
ically via oral or intramuscular route or locally
via an intrauterine device. Traditionally, endome-
trial hyperplasia with atypia has been an indica-
tion for hysterectomy due to the high association
with concurrent and subsequent endometrioid
adenocarcinoma. An alarming increase in the
rate of endometrial hyperplasia diagnosed during
reproductive years has been seen due to the obe-
sity epidemic in the United States and developed
world. This has lead to a spike in interest in non-
surgical management for these precancerous his-
tologies with higher risk of progression to
cancer.

Various types of agents and routes of delivery
have been examined. The response rate varies in
the literature and is as high as 90 %. On average,
the response rate is about 70 %. Most early series
from the 1980s and 1990s consisted of less than
ten patients. The larger studies to date are sum-
marized in Table 4.1. Based on existing litera-
ture, it appears that most lesions that would
regress with progesterone treatment will do so
within the first 2 years, and the vast majority of
these regress within the first year. There is not a
clear correlation between progesterone dose and
chance of regression. Few older studies were
designed with this question in mind. A recent
study by Marra et al. did not show a statistically
significant high rate of regression with higher
doses, though authors acknowledge that the study
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Table 4.1 Endometrial hyperplasia and carcinoma treated with progesterone

# Complex

atypical # Endometrial
Author hyperplasia carcinoma
Ferenczy (1989) 20 0
Randall (1997) 17 12
Jobo (2001) 20 0
Kaku (2001) 10 29
Minaguchi (2007) 12 19
Ushijima (2007) 17 28
Wheeler (2007) 18 26
Wildemeersch (2007) | 8
Yu (2009) 17 8
Signorelli (2009) 10 11
Gunderson (2014) 17 29
Marra (2014) 89 0
Simpson (2014) 19 25
Kudesia (2014) 13 10
Total 287 197

was limited by its small sample size (60 with
simple hyperplasia, 72 with complex hyperpla-
sia) [1]. However, this study sample is robust
compared to most of the prior published series.

Consensus on conservative management of
complex hyperplasia with atypia consists of
serial endometrial sampling every 3—6 months
for up to 2 years. Conception should be attempted
once the hyperplasia has regressed. Often, these
patients require assisted reproductive technolo-
gies as the risk factors for their endometrial
pathology are also common causes of infertility,
namely, components of metabolic syndrome such
as obesity, PCOS, and insulin resistance. It is
therefore crucial that patients receive evaluation
and treatment planning with an infertility special-
ist in parallel with the treatment for their endo-
metrial hyperplasia.

Reproductive outcomes in women with endo-
metrial hyperplasia and low-grade endometrial
carcinoma treated conservatively are mixed and

Response | Median follow-up

Agents used rate (%) | months (range)
MPA 50 5.5 years (2-7
years)

MA, MPA 86 41 (9-79)
MPA 75 66 (8-281)
MPA 80 31.5 (10-133)
MPA 91 40.7 (2-109)
MPA 67 47.9 (25-73)
Oral progestin, 52 11 (not stated)
LNG-IUD
LNG-IUD 87 32 (14-90)
MPA 82 34.6 (7-114)
Natural 57 98 (35-176)
progesterone
MA, LNG-IUD, 65 35 (2-162)
MPA, misc
Natural 89 Not stated
progesterone (3
doses)
MPA, MA 55 39 (5-128)
Oral prog, 61 13 (3-74)
LNG-IUD, oral
prog+levo IUD

71

not particularly encouraging. In a small series of
12 women with endometrial carcinoma treated
with high-dose medroxyprogesterone acetate
(MPA 400-600 mg/day), 70 % of patients
attempting to conceive did, and 50 % had full-
term deliveries [2]. However, the majority of
patients recurred during follow-up and half went
on to have subsequent hysterectomy. Yu and col-
leagues reported four pregnancies among 25
patients treated conservatively with MPA 100-
500 mg/day [3]. A total of 14 patients attempted
conception, and 13 required assisted reproductive
techniques. All four pregnancies were in patients
with initial diagnosis of atypical hyperplasia, and
three term deliveries were reported with the
fourth patient being lost to follow-up.
Nonetheless, medical management is never
definitive, and hysterectomy should be performed
upon completion of childbearing. For those
patients who have completed childbearing, hys-
terectomy is the standard treatment. In patients
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undergoing definitive surgical treatment, frozen
section should be obtained to evaluate for the
possibility of a carcinoma. In younger premeno-
pausal women, the question of ovarian preserva-
tion vs. complete staging with bilateral
salpingo-oophorectomy is raised. The incidence
of ovarian metastasis from an endometrial cancer
in a patient with a preop diagnosis of complex
hyperplasia is exceedingly low. It is likely in the
range of 1-3 % [4]. A multi-institutional review
from the 1990s to 2000s revealed an alarming 25
% rate of synchronous ovarian malignancies in
young women with a preoperative diagnosis of
endometrial cancer [5]. However, 50 % of
patients in this series had at least one first- or
second-degree relative with malignancy, and 35
% had a first-degree relative with malignancy.
This raises the question of whether this cohort
accurately represents the risk of ovarian metasta-
sis or synchronous malignancy in the typical
population of young women with endometrial
hyperplasia as a result of obesity and metabolic
syndrome. Another series including 37 patients
with endometrial cancer under the age of 45
found an 11 % rate of synchronous ovarian
malignancy [6]. A Korean Gynecologic Oncology
Group study specifically evaluated ovarian pres-
ervation (both intentional and incidental) at the
time of hysterectomy with a diagnosis of endo-
metrial malignancy on final pathology [7]. Mean
age was 38 years. 175 patients had preservation
of at least one ovary, and 31 of whom had a pre-
operative diagnosis of endometrial hyperplasia.
Follow-up was robust with a median of 55
months. Two of the seven recurrences had
adnexal metastasis (1.1 %). Both had high risk
for recurrence, including one with endometrioid
histology who rejected adjuvant treatment and
the other with serous histology. Another series
reported 13 patients with preservation of at least
one ovary at the time of surgery for known endo-
metrial malignancy [8]. There was not a statisti-
cally significant difference in overall survival in
patients with and without ovarian preservation.
However, for stage I patients, there was an
improved disease-free survival in women without
ovarian preservation, but no improvement in
overall survival. Extrapolating from limited data,

women with preoperative diagnosis of endome-
trial hyperplasia should have a lower incidence of
ovarian metastasis or synchronous malignancy
compared to those with a known endometrial car-
cinoma. It would be reasonable to retain at least
one ovary in young premenopausal women
undergoing hysterectomy for endometrial
hyperplasia.

Serous Endometrial Intraepithelial
Carcinoma

Serous endometrial intraepithelial carcinoma
(EIC) is an early form of conventional endome-
trial serous carcinoma (uterine papillary serous
carcinoma) that displays noninvasive patterns of
growth in the endometrium but which paradoxi-
cally retains the ability for extrauterine spread,
presumably through the fallopian tube lumens
[9-13]. Accordingly, although EIC is generally
conceptualized as an early step in the evolution of
endometrial serous carcinoma, it is a fully malig-
nant precursor lesion, rather than potentially
malignant precancerous lesion. EIC and conven-
tional endometrial serous carcinoma are largely
identical at the molecular and immunopheno-
typic levels, and as previously noted, both can
metastasize and are thus fully malignant [9—-13].
Furthermore, there is no difference in patient out-
comes between patients with advanced stage EIC
and patients with advanced stage conventional
serous carcinomas [11]. Therefore, clinical man-
agement for EIC is identical to the management
for patients with conventional serous carcinomas
[9]. There is a significant body of evidence that
the lesion endometrial glandular dysplasia is the
true precancer for endometrial serous carcinoma
[14-16]. However, at present, there is insufficient
data to definitively recommend management
approaches when one encounters this diagnosis
in a sampling specimen.

Serous lesions of the uterus are treated surgi-
cally, unless the patient’s comorbidities prohibit
surgery. Surgical staging consists of hysterec-
tomy, bilateral salpingo-oophorectomy, pelvic
and para-aortic lymphadenectomy, and omentec-
tomy. Though serous lesions of the uterus are
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frequently compared to serous ovarian carcino-
mas, unlike serous ovarian carcinomas, mini-
mally invasive surgery is acceptable for serous
lesions of the uterus. Parenthetically, in cases of
endometrioid adenocarcinoma, there is some evi-
dence that the use of a uterine manipulator in
minimally invasive surgery leads to an increase in
the incidence of positive cytology. A series from
Korea as well as another from Memorial Sloan
Kettering both showed a small increase in posi-
tive cytology [17, 18]. However, another series of
42 patients from the University of Vermont com-
pared to cytology obtained before and after place-
ment of uterine manipulators. None of the 42
patients had positive cytology either before or
after placement [19]. The clinical significance of
this in endometrioid histology is questionable.
However, there is the concern among gyneco-
logic oncologists that positive cytology for serous
lesions of the uterus may be more significant.
Some gynecologic oncologists advocate laparo-
scopic occlusion of the fallopian tubes prior to
placement of the uterine manipulator at the time
of surgery. There is insufficient data to support or
refute this practice. However, laparoscopic tubal
occlusion adds minimal operative time and risk
to the overall procedure and should be considered
in cases of known serous histology.

Serous Tubal Intraepithelial
Carcinoma

Serous Tubal Intraepithelial Carcinoma, or
STIC, is usually diagnosed as an incidental find-
ing at the time of risk-reducing bilateral salpingo-
oophorectomy. There is no current consensus on
the management of incidentally diagnosed
STIC. Whether or not surgical staging is war-
ranted has been examined by a few retrospective
series. Surgical staging for tubal carcinoma is the
same as for ovarian carcinoma: bilateral salpingo-
oophorectomy, total hysterectomy, omentectomy,
peritoneal biopsies, and pelvic and para-aortic
lymphadenectomy. Some controversies exist in
the use of minimally invasive techniques in stag-
ing. Proponents point to the rapid recovery and
similar lymph node count achieved through mini-
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mally invasive staging. Opponents argue that the
mesentery and bowel cannot be adequately
assessed via laparoscopy. The details are beyond
the scope of this chapter.

A series by Olivier et al. showed three occult
tubal carcinomas and two occult ovarian carcino-
mas in 58 patients with BRCA1 mutations [20].
All five patients underwent subsequent staging,
two patients were upstaged, and both developed
recurrent disease. The single patient who
remained stage 1A was disease-free at 46 months
of follow-up. A series by Wethington et al. of 593
risk-reducing surgeries, mostly in BRCA-
mutated patients, found an incidence of 2 % (12
cases) [21]. Of these 12 cases, seven went on to
have some subsequent surgical intervention.
Only one patient had positive cytology. None had
any omental, lymph node, or peritoneal involve-
ment on biopsy. None of the patients received
any chemotherapy, and no recurrences were
noted at follow-up (median 28 months, range
16—44 months). The author concluded that given
the low yield of finding metastatic disease, stag-
ing is not recommended for incidentally diag-
nosed STIC.

Another series by Powell et al. of BRCA 1-
and BRCA 2-mutated patients followed 17
patients with high-grade noninvasive neoplasia of
the fallopian tube, including one patient that also
had an occult ovarian noninvasive lesion [22].
All but two had a recorded preop CA-125 level,
and all were in the normal range. Of these 17
patients, 2 had positive cytology, and 10 went on
to have some additional staging surgery. Four
patients received chemotherapy with carboplatin
and paclitaxel. Two of these four patients had
positive cytology and had undergone additional
staging surgery. The other two had negative
cytology and did not undergo additional surgery.
Only one patient recurred 43 months after risk-
reducing surgery and was disease-free at 16
months following completion of debulking fol-
lowed by chemotherapy. All 17 patients were
alive at last follow-up.

Gilks et al. examined the incidental finding of
STIC in 21 patients without BRCA mutation
(though one patient had Li-Fraumeni syndrome)
[23]. Six patients were reported to have under-
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Table 4.2 Incidentally diagnosed STIC

# Patients with | # Patients Follow-up # With recurrent
Author STIC surgically staged | # Upstaged months (range) | cancer
Olivier (2004) 5/58 8.6%) |5 (100 %) 2 (40 %) 12 2 (40 %)
Wethington (2013) 12/593 2 %) |7 (58 %) 0 28 (16-44) 0
Powell (2013) 17/407 (4 %) | 10 (59 %) 0 80 (40-150) | 1(5.9 %)
Gilks (2015) 212 6 (29 %) 0 Not given 1 (4.8 %)
Mean/Total 55 (4.9 %) 28 (51 %) 7.1% 4(73 %)
aSeries of STICs only
gone staging, and two were upstaged. One recur- [27]. Another study examining differential

rence was seen in a patient who remained stage
IA after full staging and received no adjuvant
chemotherapy. Clinical outcome for the remain-
ing 15 patients was not reported. Table 4.2 pro-
vides a summary of above case series.

Based on limited retrospective data, it seems
reasonable to offer staging surgery, particularly
in the presence of positive cytology, for patients
with incidentally diagnosed STIC. Empiric che-
motherapy without additional staging surgery or
evidence of spread beyond the tube or ovary is
not warranted. Undoubtedly, the treatment of
incidentally diagnosed STIC will continue to
evolve as the body of evidence increases.

Ovarian Atypical Endometriosis

The incidence of ovarian atypical endometriosis
with coexisting carcinoma was discussed in an
earlier chapter. Though literature supports ovar-
ian atypical endometriosis as a true premalignant
entity, the temporal relationship between devel-
opment of ovarian atypical endometriosis and
invasive carcinoma is scantly reported. In a hand-
ful of case reports and series, it ranges from 10
months to 5 years [24-26]. The proportion of
patients with ovarian atypical endometriosis
without concurrent malignancy that will go on to
develop an invasive carcinoma is poorly reported.
In a single series that included four patients with
ovarian atypical endometriosis who were fol-
lowed for mean of 2.5 years (range 1.3-3.5
years), only one patient went on to develop and
endometrioid carcinoma in the abdominal wall,
which occurred 18 months after initial diagnosis

nuclear organizing region silver staining
(AgNOR) included ten patients with ovarian
atypical endometriosis. Two patients subse-
quently developed invasive clear cell carcinoma,
at 10 months and 3 years after ovarian atypical
endometriosis diagnosis [25]. The patient with
short interval died soon after diagnosis. The other
was disease-free at last follow-up 27 months after
debulking surgery. Due to the rarity of the situa-
tion, no conclusive recommendation could be
made for or against definitive surgical interven-
tion. For the older patient who has completed
childbearing, one should consider bilateral
salpingo-oophorectomy with total hysterectomy
as definitive and preventative treatment. For the
younger patient in whom fertility preservation is
an important consideration, long-term serial
imaging of remaining ovary(ies) should be done.
The role of CA-125 has not been explored. In
case reports, CA-125 was either not done or nor-
mal even at the time of cancer diagnosis [26]. It is
unlikely to be of significant benefit and should
not be used as a surveillance tool.

Miscellaneous Ovarian Precursors

Endometrioid borderline tumors are the third
most common type of borderline tumors, after
serous and mucinous. The largest series ever
reported included 31 patients [28]. All but three
patients had unilateral tumors. Limited clinical
information and outcomes were reported.
Seventeen patients underwent bilateral salpingo-
oophorectomy and hysterectomy. The remainder
had bilateral salpingo-oophorectomy, unilateral
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Table 4.3 Endometrioid borderline tumors

# Undergone

Author # Patients | hysterectomy | pathology
Bell (1985) 20 12 7

Snyder (1988) | 31 19 (1 prior) 12

Bell (2000) 31 17 3

Roth (2003) 30 18 7

Uzan (2012) 16 5 1

Total 128 71 30
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# With endometrial

Follow-up # Recurrence
6.3 years (1-13 years) 0

3.8 years (0.8—11.2 years) 0

48 months 0

Not stated 0

24 months (12—-132 months) |1

1 (0.8 %)

30One patient had a second primary endometrioid adenosquamous carcinoma of contralateral ovary 2 years after

diagnosis

salpingo-oophorectomy, or cystectomy. Sixteen
patients had surgical staging and all were noted
to be stage 1. Two patients were known to have
received chemotherapy, though clinical follow-
up data was available in only 11 patients. During
a mean duration of 48 months, no recurrences
were noted. The most recent series by Uzan et al.
reported 16 patients, six of who had some sort of
staging procedure. One patient received adjuvant
chemotherapy, another received vaginal brachy-
therapy for a synchronous endometrial malig-
nancy. This series contains the only recurrence
ever reported in the English literature. She did
not undergo staging at the time of diagnosis;
experienced two recurrences, treated with sur-
gery and chemotherapy; and was without evi-
dence of disease at 72 months of follow-up [29].
Table 4.3 summarizes the clinical characteristics
of patients in the larger series [28—32]. Compared
to other histologic subtypes of borderline tumor,
endometrioid borderline tumors of the ovary
have a higher rate of synchronous endometrial
pathology. Therefore, hysterectomy should be
part of definitive surgical management.

Clear cell borderline tumors arising out of
adenofibromas of the ovary are very rare, com-
prising less than 1 % of borderline ovarian
tumors. The majority of patients are older than 50
years, and all reported cases containing informa-
tion on clinical follow-up were stage 1. The larg-
est series ever reported that offered descriptions
of clinical course included 12 patients [33]. In
this series, all but two patients underwent bilat-
eral salpingo-oophorectomy. No patient received
adjuvant treatment. Unfortunately, four were lost

to follow-up. After a median follow-up of 28
months (range 2-129 months), no recurrences
were noted. To date, there is only one reported
case of recurrent disease, and another of possible
but unconfirmed recurrence. The series of 11
patients reported by Bell et al. included one
patient who received radiation for a pelvic recur-
rence, followed by surgical resection for a second
pelvic recurrence. She died of unrelated cause.
Another patient had a lung nodule noted on sur-
veillance imaging. However, no pathologic diag-
nosis or treatment was ever done due to her
advanced age [30]. The largest series of 41 cases
did not provide any prognostic or clinical follow-
up data [34]. Multiple other case reports all
reported patients without evidence of recurrence
at last follow-up [35-38]. Most patients had
bilateral salpingo-oophorectomy and hysterec-
tomy, with the diagnosis made after the fact. The
vast majority of patient had unilateral tumors.
Given no recurrences were noted in the uterus, it
stands to reason that bilateral salpingo-
oophorectomy is sufficient treatment. There were
two patients with endometrial hyperplasia and
one with endometrial polyps in the series by Bell
et al. [30]. Whether the endometrial pathology
has any correlation with ovarian pathology is
unknown. Nonetheless, hysterectomy at the time
of bilateral salpingo-oophorectomy is probably
prudent as the absolute morbidity it adds to the
procedure is relatively low. However, if the diag-
nosis of clear cell adenofibroma was made after
bilateral salpingo-oophorectomy, then a repeat
surgery for the purpose of hysterectomy is likely
not warranted. No definitive recommendations
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can be made regarding adjuvant therapy given
lack of data evaluating its use, but observation
after surgery seems like the most reasonable
course of action based on existing literature.
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Introduction

Gestational trophoblastic neoplasms (GTN)
include three distinct malignant tumors— chorio-
carcinoma, epithelioid trophoblastic tumor (ETT),
and placental site trophoblastic tumor (PSTT)—
arising from different types of trophoblast.
Gestational choriocarcinoma—the most aggres-
sive form of GTN—is composed of neoplastic vil-
lous intermediate trophoblast, syncytiotrophoblast,
and cytotrophoblast, whereas ETT and PSTT orig-
inate from chorion laeve-type and implantation
site-type intermediate trophoblast, respectively.
Gestational choriocarcinoma nowadays is pre-
ceded by complete hydatidiform mole (CHM) in
approximately 25 % of cases, while majority of
tumors (~50 %) develop following a term preg-
nancy, non-molar abortion (~22-23 %), and less
commonly ectopic pregnancy (2-3 %) [1]. CHM
is associated with a 2-3 % risk of progression
into choriocarcinoma, while partial hydatidiform
moles (PHMs) carry minimal risk (less than
0.5 %) for choriocarcinoma [2—4]. Some studies
also suggest that the prognosis of CHM may be
affected by its genotype; heterozygous complete
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moles have been reported to have a higher risk of
malignant transformation, compared with the
homozygous ones [5—7]. While the traditional
histological diagnostic criteria of choriocarci-
noma include absence of chorionic villi, rare
cases of in situ or intraplacental choriocarcinoma
have been reported [8—15].

Unlike gestational choriocarcinoma, tumors
of intermediate trophoblast origin—ETT and
PSTT—do not have well-characterized precursor
lesions. Placental site nodules —benign prolifera-
tions of chorionic-type intermediate tropho-
blast—show some morphologic similarities to
ETT, but lack significant cytological atypia and
mitotic activity. Rare cases of atypical placental
site nodule —with intermediate features between
ETT and benign placental site nodule—have also
been described and have been proposed as possi-
ble precursor lesion to ETT [16, 17]. Exaggerated
proliferation of implantation site intermediate
trophoblast (exaggerated placental site) may
mimic PSTT and may be considered as its benign
counterpart, but thus far, definite pathogenetic
link or an intermediate lesion between the two
entities has not been established.

Hydatidiform Moles
Hydatidiform moles are nonneoplastic prolifera-

tions of the villous trophoblast with a potential
for aggressive clinical behavior, in the form of
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persistent  gestational trophoblastic disease
(GTD) or less commonly choriocarcinoma. The
two forms of molar gestations —complete and par-
tial hydatidiform moles—share some features on
the clinical, histological, and genetic level: both
are abnormal gestations incompatible with fetal
survival, and they have hydropic changes and tro-
phoblastic proliferation in the chorionic villi and
demonstrate paternal dominance in their genomes.
However, distinction and precise classification of
the two entities are crucial due to the marked dif-
ference in their risk of subsequent aggressive
behavior or overt malignant transformation.

Genetic Basis of Molar Gestations

Complete hydatidiform moles (CHMs) are char-
acterized by a paternal-only genome, most
commonly with a diploid, homozygous (mono-
spermic), 46XX genotype [18]. Approximately
10-20 % of CHMs show a heterozygous (disper-
mic) 46XX or 46XY genotype, and less common
tetraploid cases have also been reported [19-21].
Another rare subset of complete moles has
sparked significant interest in recent years, pre-
senting as recurrent CHM with strong familial
tendency [22]. These cases represent a rare
exception to the androgenetic-only genome of
CHM, as they are biparental (monoandric
monogynic), with homozygous or compound
heterozygous mutations of the NLRP7 gene on
chromosome 19q13.4 or the KHDC3L gene on
chromosome 6q13, disrupting the normal genetic
imprinting pattern [23-27].

Partial hydatidiform moles (PHMs) typically
have a triploid—diandric monogynic—genome,
resulting from two sperms fertilizing a haploid
ovum (dispermic, heterozygous PHM) in over
90 % of cases and less commonly arise from a
single fertilizing sperm followed by duplication
of the paternal chromosome set (monospermic,
homozygous PHM) [28, 29]. Rare cases of tetra-
ploid PHM with three haploid paternal chromo-
some sets have also been reported [30, 31]. While
early studies also raised the possibility of diploid
PHM [32, 33], more recent data suggest that they
probably do not exist [34].
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Clinical Presentation

The clinical presentation of hydatidiform moles
has changed significantly over the past few
decades as a result of availability and advances in
diagnostic ultrasound technology and highly sen-
sitive serum human chorionic gonadotropin
(hCG) detection. The classic clinical symptom-
atology of CHM —vaginal bleeding during sec-
ond trimester, excessive uterine size, hyperemesis,
and toxemia—is less common; nowadays, most
patients present with missed abortion (absence of
fetal heart beat on ultrasound) and vaginal bleed-
ing during the first trimester of pregnancy [35—
37]. Patients with PHM are usually diagnosed in
the late first—or early second—trimester as a
missed or incomplete abortion. Vaginal bleeding
is also common, and an ultrasound may show
focal cystic changes of the placenta, not uncom-
monly with fetal development [38].

Gross and Microscopic Features

Complete Hydatidiform Mole

The evacuation specimen in well-developed
CHM is usually voluminous with grossly appar-
ent hydropic change in the chorionic villi, resem-
bling a “bunch of grapes” in appearance. Early
cases of CHM, however, will have a smaller
specimen volume and may not show grossly
identifiable villous hydrops.

The histologic hallmarks of well-developed
CHM include marked, diffuse villous enlarge-
ment and edema with cistern formation and dif-
fuse, circumferential trophoblastic hyperplasia
(Fig. 5.1). The villous contours are typically
smooth and round, but surface invaginations
resulting in trophoblastic pseudo-inclusions are
also common. Cytological atypia is nearly
always present in villous and implantation site
trophoblast, usually accompanied by brisk
mitotic activity. The villous stroma is usually
hypocellular due to the marked edema and is
devoid of any vessels or fetal red blood cells.
On the other hand, in very early complete moles
(VECMs)—evacuated before 12 weeks of gesta-
tion—the trophoblastic proliferation and hydropic
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Fig. 5.1 Microscopic features of complete hydatidiform
mole (CHM). (a, b) Well-developed CHM with large
hydropic  villi and central cistern formation.
Circumferential trophoblast hyperplasia is also present.

change are not fully developed yet, and instead,
the villous stroma appears hypercellular and
myxoid with stellate fibroblasts and prominent
karyorrhectic debris. Rarely primitive fetal ves-
sels and even nucleated red blood cells may be
seen in VECM [32, 33, 39, 40]. Unlike in well-
developed CHM, the villous size is usually within
the normal range, and the villi are polypoid and
“cauliflower” shaped with less frequent tropho-
blastic pseudo-inclusions. Fetal parts or other
non-villous extraembryonic structures (e.g., yolk
sac) are not present in CHM.

Partial Hydatidiform Mole

The specimen volume in partial moles is typi-
cally less than that of CHM, and grossly visi-
ble hydropic change is rare, especially during
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(c, d) Early CHM with polypoid, “cauliflower-like” villi;
hypercellular, myxoid villous stroma with karyorrhexis;
and circumferential trophoblast hyperplasia

the first and early second trimester. Fetal
development may be seen, usually with mild to
moderate symmetrical intrauterine growth
restriction and characteristic malformations
(e.g., syndactyly) [41].

Histologically, there are usually two popula-
tions of chorionic villi in PHM —large, hydropic
villi (ranging between 1 and 6 mm in size) in
the background of small or normal appearing
ones. The villous contour is irregular, scalloped
with surface invaginations, and round to oval
trophoblastic pseudo-inclusions. Trophoblastic
hyperplasia is typically mild to moderate and
focal, without significant cytological atypia.
Cistern formation is not uncommon. Fetal ves-
sels with nucleated red blood cells are often
seen (Fig. 5.2).
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Fig. 5.2 Microscopic features of partial hydatidiform
mole (PHM). (a, b) Two villous populations: large
hydropic villi with occasional cistern formation in the
background of smaller villi. (¢) Irregular villous contours

Ancillary Studies

The diagnosis of hydatidiform moles is often
challenging based on clinical and morphological
features alone. The microscopic changes are not
entirely specific and show significant overlap
between complete and partial mole, especially
when evacuated at an early gestational age. In
addition, non-molar gestations with or without
identifiable genetic abnormalities can also mimic
hydatidiform moles at the morphologic level.
Ancillary studies are often necessary to differen-
tiate between complete and partial hydatidiform
moles and to rule out non-molar mimics.

and trophoblastic pseudo-inclusions (arrows). (d) Fetal
vessels with nucleated red blood cells are commonly seen
(arrow)

Ploidy Analysis

Determination of the number of complete hap-
loid sets of chromosomes can separate diploid
gestations from triploid, tetraploid, or other
aneuploid ones. However, it does not provide
information about the parental origin of chromo-
some sets; thus, a diploid CHM cannot be sepa-
rated from diploid non-molar hydropic abortion
based on DNA ploidy. In addition, it is unable to
differentiate between triploid —diandric monogy-
nic— partial moles and non-molar digynic mono-
andric triploidy, which constitute at least one
third of all triploid gestations and are not associ-
ated with increased risk of GTN [29, 42, 43].
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Conventional karyotyping has been used for
several decades to assess ploidy and is very help-
ful in identifying chromosomal trisomy syn-
dromes, which often mimic PHM morphologically.
However, it requires fresh tissue and is time and
labor intensive, limiting its utility in routine prac-
tice. Ploidy analysis can also be performed on
formalin-fixed paraffin-embedded material by
flow cytometry, although it may be prone to tech-
nical problems and interpretation errors, leading
to potential misclassification of ploidy [44-47].
Another technique—polymorphic deletion probe
(PDP) fluorescent in situ hybridization (FISH)—
has been recently reported for chromosomal enu-
meration in suspected molar gestations, but similar
to the other methods, it suffers from both technical
limitations and interpretation problems [48].

P57 Immunohistochemistry

Various immunohistochemical markers, includ-
ing cell cycle proteins (E2F-1, CDK2, cyclin E,
p27, p57) and proliferation markers (prolifera-
tion cell nuclear antigen [PCNA], Ki-67), have
been explored for their diagnostic utility in hyda-
tidiform moles [49-51]. However, only p57
immunostain has been found useful in routine
diagnostic pathology practice. P57 gene is
located on chromosome 11p15.5 and encodes a
cyclin-dependent kinase inhibitor protein [52,
53]. Since the gene is paternally imprinted—
preferentially expressed from the maternal
allele—maternal genetic material is necessary for
a normal p57 protein expression pattern: strong
nuclear staining in cytotrophoblasts, intermediate
trophoblasts, intervillous trophoblast islands, and
villous stromal cells and absent staining in syncy-
tiotrophoblasts [54]. Normal placentas, non-
molar  hydropic  abortions, chromosomal
trisomies, digynic triploid cases, and partial
moles all show normal p57 staining patterns, due
to the presence of maternal genetic material in
their genomes. Complete moles, on the other
hand, lack p57 immunoreactivity in cytotropho-
blast and villous stromal cells, but retain p57
expression in intervillous intermediate tropho-
blasts and villous endothelial cells (Fig. 5.3).
Maternal decidua always shows positive nuclear
staining, serving as an internal positive control.

i

Fig. 5.3 P57 immunohistochemistry. (a) CHM with
absent p57 staining in villous stroma and cytotrophoblast.
Intervillous intermediate trophoblast shows positive
nuclear staining (upper left corner). PHM (b) and non-
molar hydropic abortion (¢) show normal p57 immunos-
taining pattern

P57 immunohistochemistry is a useful adjunct
test in the diagnostic workup of hydatidiform
moles, as it can separate CHM from PHM and
from other non-molar hydropic gestations.
However, partial moles and their non-molar
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mimics contain maternal genetic material and
thus show normal p57 staining pattern and cannot
be separated from each other based on p57
immunohistochemistry. Additionally, some com-
plete moles may show focal p57 staining, due to
incomplete imprinting, twin gestation (admixture
of CHM and normal villi), or rare androgenetic/
biparental mosaic/chimeric gestation [55, 56].
Another rare potential pitfall is CHM with reten-
tion of maternal chromosome 11, resulting in
normal p57 expression [57, 58], and rare p57-
negative PHM due to loss of maternal chromo-
some 11 [59]. The p57 immunohistochemical
pattern of biparental complete moles is identical
to androgenetic CHM as a result of mutations of
the NLRP7 or KHDC3L genes and disruption of
the normal imprinting pattern [60].

Short Tandem Repeat Genotyping

Short tandem repeats (STR) are repetitive, genet-
ically stable DNA sequences of 2—7 nucleotides,
which are highly prevalent in the noncoding
regions of the genome [61]. STR polymor-
phism—difference in the number of repeats at
each STR locus among different members of a
species—can be analyzed and used to distinguish
between individuals. STR genotyping is widely
used for identity testing in forensics and more
recently has also become part of the routine diag-
nostic workup for molar gestations at some large
academic centers [21, 62, 63].

One of the advantages of STR genotyping
compared to other ancillary molecular techniques
is that it can be performed on formalin-fixed
paraffin-embedded tissue samples, following dis-
section of pure maternal and fetal tissues from
unstained sections. Numerous commercial Kits,
e.g., PowerPlex® 16 System (Promega) are avail-
able for DNA extraction and PCR amplification.
Comparison of the allelic profiles between mater-
nal and fetal (chorionic villous) tissues at 15 STR
loci provides information about the parental
genetic contribution to the villous tissue and the
relative proportions of maternal and paternal
genetic material. Complete moles show paternal-
only alleles—either in a homozygous or hetero-
zygous pattern—in at least two informative STR
loci (Fig. 5.4). PHM can be diagnosed in the
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presence of two unique paternal alleles in addi-
tion to one maternal allele in at least two loci
(dispermic or heterozygous PHM) or one pater-
nal allele in duplicate quantity and one mater-
nal allele at every STR locus (monospermic or
homozygous PHM) (Fig. 5.5). Digynic trip-
loidy can be reliably distinguished from PHM
using STR genotyping by the presence of one
paternal and two maternal alleles. A biallelic
profile with balanced maternal and paternal
contributions indicates a non-molar abortion
(Fig. 5.6). Chromosomal trisomies may also be
identified by genotyping as a single allelic gain,
although not all chromosomes are represented
among the 15 STR loci (Fig. 5.7) [64]. Rare
potential pitfalls of genotyping interpretation
also exist and require close morphologic correla-
tion and p57 immunostaining in some cases to
avoid misclassification. For example, biparental
CHM shows a biparental allelic profile on geno-
typing; however, the histological features and
pS7 expression pattern are diagnostic and are
indistinguishable from those of a diandric com-
plete mole [23, 25]. A case of egg donor preg-
nancy has also been reported with morphologic
features suspicious for PHM and genotyping
results mimicking a complete mole, due to lack
of maternal alleles in the villous tissue [65]. In
addition, twin pregnancy with coexisting CHM
and normal fetus and cases with mosaicism/chi-
merism could also interfere with the interpreta-
tion of genotyping data [66, 67].

Differential Diagnosis

Spontaneous non-molar hydropic abortions may
show significant villous enlargement and edema,
occasionally even with cistern formation, mim-
icking a complete or partial mole on the morpho-
logic level. However, the villous contour is round
or oval without invaginations, and trophoblastic
hyperplasia is absent or mild and polarized (not
circumferential) (Fig. 5.8). They show normal
pS57 expression pattern and a balanced biallelic
profile on genotyping.

The morphologic changes of an early non-
molar gestation and a very early complete mole
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Fig.5.7 Trisomy 16. Three alleles identified at locus D16S539, other loci show normal biparental allelic pattern

Fig.5.8 Non-molar
hydropic abortion. The
villous shape is round or
oval; no trophoblastic
pseudo-inclusions or
significant trophoblast
hyperplasia is seen
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(VECM) may overlap in the form of villous size
and villous stromal cellularity. Trophoblastic
proliferation—even if it is only mild or moder-
ate—is circumferential or random in VECM, in
contrast to the polarized trophoblastic prolifera-
tion of early normal pregnancy. Presence of fetal
parts and well-formed villous stromal vessels
with nucleated red blood cells essentially rules
out a complete mole. P57 immunohistochemis-
try and genotyping can be used to resolve diffi-
cult cases.

Chromosomal trisomies (especially trisomies
7, 8, 13, 15, 16, 18, 21, and 22) often have
hydropic, irregularly shaped chorionic villi with
frequent trophoblastic pseudo-inclusions, mor-
phologically simulating PHM (Fig. 5.9).
Trophoblastic hyperplasia may also be present,
more commonly in trisomies involving chromo-
somes 7, 15, 21, and 22 [68]. However, when
compared with trisomy syndromes and non-
molar hydropic abortions, the combination of cis-
tern formation and maximum villous size of
>2.5 mm has been shown to have a 90 % positive
predictive value for partial mole [64]. P57 immu-
nohistochemistry does not help distinguishing
PHM from trisomies, as they both show normal
expression pattern due to the presence of maternal

Fig.5.9 Trisomy 13
with villous hydrops and
irregular villous
contours, resulting in
trophoblastic pseudo-
inclusions (arrows)

genetic material. Genotyping can identify dian-
dric triploidy —diagnostic of partial mole—and
separate it from common trisomy syndromes
showing a single allelic gain.

Digynic monoandric triploidy —comprising
approximately one third of all triploid gesta-
tions—may also present a diagnostic challenge
morphologically and also on ploidy analysis.
Similar to PHM, it may show villous contour
irregularity with trophoblastic pseudo-inclusions,
mild hydropic change, and syncytiotrophoblast
sprouts (Fig. 5.10) [69]. However, unlike PHM,
digynic triploidy is not associated with increased
risk of persistent GTD or GTN. Molecular geno-
typing can be used to determine the parental ori-
gin of the haploid chromosome sets in the triploid
genome and precisely separate the two entities.

Placental mesenchymal dysplasia is a late ges-
tational age mimic of PHM, presenting with stem
and terminal villous hydrops, rare cistern forma-
tion, aneurysmal stem vessels, and peripheral
stem villous chorioangiomatoid change, usually
in late second trimester [43, 70]. Trophoblastic
hyperplasia and trophoblastic pseudo-inclusions
are typically absent [70]. Fetal abnormalities are
common, in the form of intrauterine growth
restriction or Beckwith-Wiedemann syndrome
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Fig.5.10 Digynic
triploidy showing mild
villous hydrops and
scalloped villous
surface, mimicking
PHM

[71]. Genotyping shows a balanced biparental
allelic pattern, allowing clear separation from a
partial molar gestation.

Proposed Diagnostic Algorithm
of Hydatidiform Moles

Integration of ancillary techniques into the rou-
tine diagnostic workup of molar gestations is
necessary to avoid diagnostic misclassification
based solely on morphologic findings. Two algo-
rithmic approaches have been recently proposed
to combine morphologic evaluation with p57
immunohistochemistry and DNA genotyping
[55, 72, 73]. According to one approach, all cases
with morphologic suspicion for either complete
or partial hydatidiform mole are subjected to p57
immunohistochemistry first, and cases with
absent staining are diagnosed as CHM [55, 73].
Cases with equivocal staining pattern or morpho-
logical features are further analyzed by STR
genotyping. Another algorithm advocates geno-
typing on all cases with morphologic features of
complete or partial mole, to obtain a definitive
diagnosis based on the parental genetic contribu-
tion to the villous tissue [72]. Rare cases with a

biallelic genotyping pattern and strong morpho-
logic suspicion for CHM are also evaluated by
p57 immunohistochemistry as a second step, to
rule out a biparental CHM.

The two algorithmic approaches may also be
combined: cases with histologic features of CHM
can be subjected to p57 immunostaining, and the
lack of reactivity would confirm the diagnosis of
complete mole. However, cases showing charac-
teristics of PHM microscopically are evaluated by
genotyping (without p5S7 immunostaining) [74].

Invasive and Metastatic
Hydatidiform Mole

Invasive mole is characterized by myometrial
and/or vascular invasion by molar villi and is
seen in approximately 10-15 % of CHM and
up to 5 % of PHM cases [75-79]. The molar
villi may rarely spread to the broad ligament,
vagina, and vulva and even metastasize to dis-
tant sites, such as lungs [80, 81]. Histologically,
invasive CHM has diffuse villous hydrops and
trophoblastic hyperplasia, which occasionally
may be exuberant and shows marked cytologi-
cal atypia, resembling choriocarcinoma in iso-
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lation (Fig. 5.11). Such lesions may be considered
as “emerging” or “in situ” choriocarcinoma (see
next section). Precise distinction between these
entities is typically not crucial for clinical man-
agement purposes, as they are all encompassed
under the term persistent GTD and are often
treated based on clinical parameters alone [82].

In Situ or Intraplacental
Choriocarcinoma

Histological diagnostic criteria of choriocarci-
noma traditionally include bilamellar growth pat-
tern with mononuclear trophoblast rimmed by a
layer of multinucleated syncytiotrophoblast,
severe cytological atypia, high mitotic activity,
and absence of chorionic villi. However, it has
been proposed more recently that an intermediate
or precursor lesion also exists: “emerging” or “in
situ” choriocarcinoma in the presence of non-
molar or molar villi with exuberant trophoblastic
hyperplasia and marked cytological atypia
(Fig. 5.12) [13, 83, 84]. It should also be noted
that very early gestations may have foci of sheet-
like trophoblastic proliferation with high mitotic
activity mimicking an “in situ” choriocarcinoma,
although significant cytologic atypia is absent.

Rare cases of intraplacental choriocarcinoma
have also been documented in a full-term pla-
centa [8—12, 14, 15, 85]. The initial presentation
of some of these patients was metastatic chorio-
carcinoma, and the intraplacental primary lesion
was only discovered after careful reexamination
of the placenta. As these lesions are often small —
measuring less than 1 cm—they may be missed
on gross examination. Hence, some investigators
recommend sectioning of the placenta at 5 mm
intervals and sampling of any hemorrhagic mass
lesions [10].

Atypical Placental Site Nodule

Placental site nodule (PSN) or plaque —a benign,
reactive proliferation of chorion laeve-type inter-
mediate trophoblast—is most commonly an inci-
dental finding in endometrial curettings, although
patients may present with irregular uterine bleed-
ing [86—89]. PSN is typically small, ranging from
4 to 10 mm in size [89]. Microscopically, it is
characterized by haphazardly arranged mononu-
clear or less often multinucleated trophoblast in a
hyalinized matrix, showing variable cellularity,
often with zonation (Fig. 5.13). Mild nuclear
atypia and nuclear pseudo-inclusions are not
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Fig.5.12 (a—c) “Incipient choriocarcinoma”: exuberant negative in villous stroma and cytotrophoblast, confirm-
biphasic, atypical trophoblastic proliferation in the pres- ing complete hydatidiform mole. Positive internal control
ence of complete molar villi. (d) P57 immunostain is in intermediate trophoblast (left side of image)

Fig.5.13 Placental site nodule (PSN). (a) Small fragment of PSN in a cervical curettage specimen with relatively low
cellularity and central hyalinization. (b) Mild nuclear atypia and multinucleation are not uncommon
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Fig. 5.14 Epithelioid trophoblastic tumor (ETT) shows
nuclear atypia with mitotic figures (arrow, b)

uncommon; however, mitotic figures are rare or
absent. Immunohistochemical stains for cytoker-
atins (CAM 5.2, AE1/AE3, 34BE12), EMA, p63,
human placental lactogen (hPL), and hCG show
variable positivity [89]. The proliferative index
by Ki-67 immunostain is less than 8 %, and
cyclin E immunostaining is weak or absent [87].

Epithelioid trophoblastic tumor (ETT) on the
other hand is a malignant neoplasm composed of
chorion laeve-type intermediate trophoblast, usu-
ally forming a larger mass lesion (0.5-4 cm),
often in the cervix or lower uterine segment [90,
91]. Unlike in PSN, moderate nuclear atypia and
increased mitotic activity—typically ranging
from 1 to 10/10 high power field (HPF)—are
seen (Fig. 5.14). Rare cases with even higher
mitotic count—48/10 HPF—have also been
reported [91]. Central areas of eosinophilic, hya-
linized material, and necrotic debris are also
characteristic. Ki-67 immunostain shows >10 %
positivity, and cyclin E immunostain is strongly,
diffusely positive.

Atypical PSN (APSN) shows intermediate
morphologic features between PSN and ETT—
larger size, increased cellularity, moderate
nuclear atypia, presence of mitotic figures, and
Ki-67 proliferation index between 8 and 10 %
[92] —and has been proposed as a precursor
lesion to ETT [16, 93] (Fig. 5.15). Shih and
Kurman reported intimate association between
PSN and ETT within the same specimen in 2 of
14 ETT cases [90]. Transformation of PSN into

increased cellularity, necrosis (a), and moderate to marked

ETT and/or PSTT has also been described in two
recent case reports with both lesions present in
the same specimen (curettage or hysterectomy)
in close proximity, with a microscopic atypical
transitional area in between [17, 94]. In a series
of 42 PSNs, four cases showed atypical micro-
scopic features, but no recurrences or GTN was
seen on follow-up [87]. Most recently, 21 atypi-
cal PSNs—the largest series to date—have been
reported, 3 of which (14 %) were associated with
malignant GTD: one patient had concurrent atyp-
ical PSN and PSTT, one patient developed PSTT
after 16 months, and one patient was diagnosed
with ETT 6 months after the initial diagnosis
[95]. Based on these data, it has been suggested
that patients with APSN should be evaluated by
imaging studies to rule out an underlying mass
lesion and would require clinical follow-up due
to the approximately 10—15 % risk of malignant
GTD. Serum hCG measurement has also been
recommended, although it appears to be unreli-
able for early detection of malignant transforma-
tion in this setting [95].

Atypical Exaggerated Placental Site

Exaggerated placental site (EPS) is a reactive
proliferation of intermediate trophoblast at the
implantation site in a concurrent—or recent—
normal, ectopic, or molar pregnancy. The tropho-
blastic cells are large, pleomorphic with abundant
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Fig.5.15 Atypical placental site nodule (APSN). Small
fragment (~2 mm) of APSN in a curettage specimen with
high cellularity and at least moderate nuclear atypia (a).

Ki-67 immunostain shows a slightly increased prolifera-
tion index (b)

Fig. 5.16 Exaggerated placental site (EPS). Large, pleomorphic intermediate trophoblasts infiltrate the underlying
myometrium dissecting between individual smooth muscle fibers (a). Multinucleated cells are evenly distributed (b)

eosinophilic cytoplasm, and infiltrate the under-
lying myometrium dissecting between individual
smooth muscle fibers. Most lesional cells are
mononuclear, but variable number of multinucle-
ated trophoblasts are also present which are
evenly distributed throughout the lesion
(Fig. 5.16). Mitotic figures are absent, and the
Ki-67 proliferation index is low (less than 1 %).
Chorionic villi are often seen adjacent to EPS,
which likely represents the upper end of the mor-
phological spectrum of normal implantation site.

The neoplastic counterpart of implantation
site intermediate trophoblast proliferation— with
capacity for locally aggressive behavior and

rarely for distant spread—is placental site tro-
phoblastic tumor (PSTT) [96]. PSTT typically
forms a mass lesion ranging between 1 and
10 cm, with infiltrative borders, splitting between
the myometrial fibers. The tumor cells are large,
predominantly mononuclear, with moderate to
marked nuclear atypia, and often with prominent
nucleoli (Fig. 5.17). Multinucleated cells may
also be seen, but unlike in EPS, they are irregu-
larly distributed throughout the tumor. Mitotic
figures may be present, ranging from O to 22/10
HPF, falling between 2 and 4/10 HPF in most
tumors. Necrosis is not uncommon. The tumor
cells are positive for cytokeratin AE1/AE3, hPL,
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Fig. 5.17 Placental site trophoblastic tumor (PSTT).
Infiltrative, hypercellular tumor composed of atypical,
predominantly mononuclear intermediate trophoblast.

The tumor cells invade and replace vessel walls—reca-
pitulating a feature of normal implantation site (a).
Mitotic figures may be present (arrow, b)

Fig. 5.18 “Atypical” exaggerated placental site. Large
sheets of intermediate trophoblast at the implantation site
with increased cellularity in an evacuation specimen.

and Mel-CAM immunostains and negative for
p63 [92, 97, 98]. The Ki-67 proliferation index
usually falls between 10 and 30 % [92].

The genetic link between EPS and PSTT has
been questioned by a recent study showing that
while development of PSTT requires a paternal X
chromosome, all PSTTs had XX genome, and
only 45 % of EPS cases demonstrated the same
[99]. Nonetheless, rare cases show intermediate
morphologic features between EPS and PSTT
and may be interpreted as atypical EPS (Fig. 5.18)
[84]. However, currently there are no data avail-
able on the biology and clinical significance of
such lesions.

Chorionic villi are present—in the left and right lower
corners of the image (a). There is at least moderate nuclear
atypia, and multinucleated trophoblasts are rare (b)
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UAS Uterine adenosarcoma

UCS Uterine carcinosarcoma

ULM Uterine leiomyoma

USMT Uterine smooth muscle tumors
UuusS Uterine Undifferentiated Sarcoma
WHO World Health Organization
Introduction

Uterine sarcomas are rare tumors that account
for approximately 1 % of female genital tract
malignancies, 3—7 % of uterine cancers [1], and
an estimated 7 % of all soft tissue sarcomas [2].
Based on the 2014 World Health Organization
(WHO) classification, uterine malignancies
with a sarcomatous component were classified
into carcinosarcomas (~5 % of all uterine malig-
nancies), leiomyosarcomas (~1-2 %), endome-
trial stromal sarcomas (~1 %), undifferentiated
sarcomas (<1 %), and adenosarcomas (<1 %)
(Fig. 6.1) [3]. Previously, uterine sarcomas were
staged similar to endometrial carcinomas. In
2009, a new International Federation of
Gynecology and Obstetrics (FIGO) classifica-
tion and staging system was designed specifi-
cally for uterine sarcomas to reflect their
distinctive biologic behavior from epithelial
malignancies (Table 6.1) [4].

For past 20 years, molecular studies provided
many new findings of the different genomic and
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Fig.6.1 Cartoon
diagram highlights the
anatomic site for tumor
origin of uterine
sarcoma

genetic alterations in uterine sarcomas. These
findings help us to better understand the com-
plexity and relationship between normal and
tumor cell types. However, the primary causes of
uterine sarcoma remain largely unknown. In this
chapter, we review the current literature on the
clinical and pathological presentation and focus
on the common and early molecular alterations in
each of the uterine sarcoma types. In addition, we
will provide some insights into the molecular
biology, potential diagnostic biomarkers, and the
tumorigenesis of uterine sarcomas, as well as
their possible origin.

Uterine Carcinosarcoma
Clinical Features

Uterine carcinosarcoma (UCS), also referred to
as “malignant mixed Miillerian tumor (MMMT),”
accounts for almost half of all uterine sarcomas
and 5 % of malignant uterine tumors [5].
Although the majority of UCSs appear at
advanced ages (~50-70 years, with a median age
of 65 years), a small number has been reported in
patients under 40 years old. The symptoms are
similar to endometrial carcinomas, with vaginal
bleeding, pelvic mass, and lower abdominal pain.
The incidence is increased in patients with an
increased exposure to estrogen and pelvic radia-
tion. As reported, patients treated with tamoxifen

are eight times more likely to have UCS, and up
to 30 % of patients with UCSs have a history of
pelvic irradiation [6]. Patients with UCS usually
present with extrauterine spread (41 % in stages
III and IV) [7]. The serum level of CA125 is also
elevated in most cases especially in extrauterine
disease and deep myometrial invasion. The
5-year disease-specific survival is 47 % for stage
I, 35 % for stage 11, 22 % for stage III, and 10 %
for stage IV [7].

Pathological Features

Grossly, UCSs are typically large, bulky, polypoid
masses, filling the uterine cavity and prolapsing
through the cervical canal with deep infiltration
into the myometrium (Fig. 6.2). The cut surface
often shows areas of hemorrhage, necrosis,
and cystic change and frequently extends beyond
the uterus.

Microscopically, UCSs are biphasic tumors,
which include epithelial and sarcomatous com-
ponents. The epithelial component is usually
high grade (Fig. 6.2). The most common epithe-
lial component is serous (two-thirds of cases)
followed by endometrioid with other epithelial
components including clear cell, squamous, and
undifferentiated carcinoma. Most cases (72 %)
consist of a single type of epithelial component,
and the remaining (28 %) show 2-3 mixed epi-
thelia. For the sarcomatous component, 80 % of
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Table 6.1 FIGO staging for uterine sarcomas (2009) [3]

Stage | Surgical-pathologic findings
Leiomyosarcomas and endometrial stromal sarcomas
I Tumor limited to the uterus

1A Tumor Less than or equal to 5 cm

1B Tumor More than 5 cm

II Tumor extends beyond the uterus, within the
pelvis
IIA | Tumor involves adnexa

IIB | Tumor involves other pelvic tissues

1 Tumor invades abdominal tissues (not just
protruding into the abdomen)
IITA | One site
IIIB | More than one site
IIC | Metastasis to pelvic and/or para-aortic lymph
nodes
v
IVA | Tumor invades the bladder and/or rectum
IVB | Distant metastasis (excluding adnexa, pelvic,

and abdominal tissues)
Carcinosarcomas
| Tumor confined to the corpus uteri
1A Tumor limited to endometrium or invades
less than half myometrial invasion
1B Tumor invades one-half or more of the
myometrium
11 Tumor invades stromal connective tissue of
the cervix but does not extend beyond the
uterus

IITA | Tumor involves serosa and/or adnexa (direct
extension or metastasis)
IIIB | Vaginal involvement (direct extension or

metastasis) or parametrial involvement

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

nodes
v The bladder and/or bowel mucosa and/or
distant metastases

IVA | Tumor invades bladder mucosa and/or bowel
(bullous edema is not sufficient to classify a
tumor as T4)

IVB | Distant metastasis (includes metastasis to
inguinal lymph nodes, intraperitoneal disease,
or the lung, liver, or bone. It excludes
metastasis to para-aortic lymph nodes,
vagina, pelvic serosa, or adnexa)
Adenosarcomas
1 Tumor limited to the uterus
1A Tumor limited to the endometrium/
endocervix
IB Tumor invades less than half the myometrium
IC Tumor invades one-half or more of the
myometrium

(continued)
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Stage | Surgical-pathologic findings

I Tumor extends beyond the uterus, within the
pelvis
IIA | Tumor involves adnexa
IIB | Tumor involves other pelvic tissues

111 Tumor involves abdominal tissues
IIIA | One site
IIIB | More than one site

IIIC | Metastasis to regional lymph nodes

v
IVA | Tumor invades bladder or rectal mucosa
IVB | Distant metastasis

the cases show high-grade sarcoma. The most
common histological type is undifferentiated
with areas of leiomyosarcoma, rhabdomyosar-
coma, chondrosarcoma, osteosarcoma, and lipo-
sarcoma. The majority (67 %) reveal only one
type of sarcoma, while the rest show multiple
histologic differentiations [8, 9].

Immunohistochemistry and Genetic
Aberrations

Due to the biphasic nature, the immunopheno-
types are slightly different. For example, the epi-
thelial component shows diffuse immunoreactivity
for epithelial membrane antigen (EMA) and cyto-
keratin, whereas the sarcomatous component can
be positive for cytokeratin, but is usually patchy or
focal. In contrast, sarcoma is positive for vimentin
and other mesenchymal markers depending on the
differentiation, such as desmin and caldesmon
(smooth muscle differentiation), myogenin, and
MyoD1 (rhabdoid differentiation). Diffuse immu-
noreactivity for P53 was firstly reported in 30 %
(5/17) of UCSs, and there was no disparity
between the epithelial and sarcomatous compo-
nents [10]. Recent studies have confirmed that P53
is commonly overexpressed in UCSs with a posi-
tive rate ranging from 30 % to 80 %. Overall,
70-80 % of cases have a concordant immunos-
taining pattern for P53 in carcinoma and sarcoma.
The MDM?2 oncogene encodes a protein that binds
to and inactivates the pS3 gene product. MDM?2
overexpression is found in 17 (4/23)-26 % (11/43)
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Fig.6.2 Uterine
carcinosarcoma. (a)
Photomacrograph
illustrates typical gross
appearance of polypoid
growth pattern of
carcinosarcoma. (b) and
(c¢) photomicrographs
show biphasic tumor
sections containing
malignant epithelial
component (high-grade
serous carcinoma) and
mesenchymal
component
(undifferentiated
sarcoma)

of UCSs [11, 12]. P16 overexpression is very
common in UCSs, and it was reported to be as
high as 96.7 % and 86.7 % of carcinoma and sar-
coma, respectively [12—15]. Other gene mutations
and dysregulation in UCS include but are not lim-
ited to TGF-B, Rb, HER-2, VEGF, ERp, CATs,
B-catenin, COX-2, and PTEN [16-22]. Notably,
ERa, PR, IGF1R, and CD10 are often downregu-
lated or completely lost in sarcoma [23]. A study
examined the expression of 39 epithelial to mes-
enchymal transition (EMT)-related genes.
Acquired markers of EMT were found to be
upregulated, and attenuated markers of EMT were

downregulated in UCSs. High expression of phos-

pho-SMAD2/3 (p-SMAD2/3) indicated that
TGF- seems to play a major role in UCS. In the
same study, chromosomal gains at 19q13, which
includes the TGFBI1 locus, were also identified by
chromosomal Gene Set Enrichment Analysis
(GSEA)and comparative genomic hybridization
(CGH) microarrays in UCS [24]. In addition,
upregulation of the Akt/p-catenin and Rb pathway
may be essential for the establishment and mainte-
nance of phenotypic characteristics of UCSs
through the regulation of E-cadherin mediated by
the transactivation of the Slug gene [25].
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Global genomic analysis by comparative
genomic hybridization (CGH) and fluorescence
in situ hybridization (FISH) in a series of 30 car-
cinosarcomas revealed that chromosomal gains
(85 %) are more common than losses (30 %) in
UCSs. Chromosomal amplification is frequently
observed on chromosome 8q (42 %) and 20q (70
%). In these regions, c-myc (8q24.12) and
ZNF217 (20q13.2) amplification can be identi-
fied in 78 % and 87 % of UCSs. Amplification of
ZNF217 was mostly seen in both tumor compo-
nents, whereas amplification of c-myc was
observed less often in the sarcomatous than in
the carcinomatous component [26]. These two
genes correlate to distant metastases and poor
prognosis [26, 27].

Theories of Tumor Origin

There are several hypotheses for the cell origin
of UCS, including (1) monoclonal stem cell
combination (origin from a common cell ori-
gin), (2) tumor collision (origin from two dis-
tinct malignant cell populations), and (3)
composition (origin from metaplastic transfor-
mation from one neoplastic cell type) (Fig. 6.3).
An early study illustrated a conversion of carci-
nomatous cells to sarcomatous cells using four
clonal cell lines from ovarian carcinosarcoma
[28]. An in vitro experiment on the EMTOKA
cell line (a human UCS cell line) found that the
same intermediate filament (IF), HER-2, P53

Combination theory

Collision theory
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expression, and the ultrastructure characteristics
can be found in EMTOKA and its clones [29].
These two studies support the monoclonal the-
ory that the epithelial component and sarcoma-
tous component may be derived from a common
stem cell. A recent study examined the panel of
immunoreactivity for MLH1, MSH2, MSHS6,
PTEN, P53, p-catenin, and cyclin D1 in 40 UCSs.
They found that expression patterns of P53,
MSH?2, and MSH6 corresponded between the
epithelial and mesenchymal components [30].
Furthermore, the two components also harbored
similar chromosomal aberrations [26]. The
presence of similar immunohistochemistry and
genetic aberration patterns in both histological
components in most UCSs are evident in favor
of the monoclonal theory for either stem cell
origin or composition theory due to the meta-
plastic transformation, whereas presence of dif-
ferent types of epithelial or sarcomatous
components within one tumor can be better
explained by the stem cell theory. It seems that
some observations in favor of the biclonal ori-
gin theory will require the examination of addi-
tional cases and studies [31-33].

Occasionally, collision tumors can be seen in
clinical cases. For example, Jin et al. found that
one of the 15 UCSs was probable collision tumors
[33]. PAX8 is a useful immunohistochemical
marker for these epithelial neoplasms of gyneco-
logic origin. A study shows that the epithelial
component strongly expressed PAX8 in 97 % of
(36/37) the tumors, but only 27 % (10/37) mesen-

Composition theory
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Fig.6.3 Proposed mechanisms for tumorigenesis of uterine carcinosarcomas
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chymal component showed PAXS8 expression in
27 cases (10/37) with variable expression [34].

Unfortunately, the precursor lesion for UCS
remains unknown, and most cases are diagnosed
in their invasive form.

Leiomyosarcoma
Clinical Features

Leiomyosarcoma (LMS) is the second most com-
mon type of uterine sarcoma, accounting for ~1-2
% of uterine malignancies [35]. According to the
Surveillance, Epidemiology, and End Results
(SEER) database, the incidence of uterine sarco-
mas from 1979 to 2001 was 0.36 per 100,000
women/year and may be increasing among
women in the United States [2]. Most tumors
were stage I (68 %), whereas stages II, III, and IV
tumors represented 3 %, 7 %, and 33 % of cases
respectively [36]. This disease is prevalent in
postmenopausal women with the mean age of 60
years old. Signs and symptoms include abnormal
vaginal bleeding (56 %), palpable pelvic mass (54
%), and pelvic pain (22 %). Preoperative distinc-
tion between benign and malignant smooth mus-
cle tumors remains a challenge in the diagnosis.
In hysterectomy for benign uterine smooth mus-

cle tumors, 1/800 cases turns out to be leiomyo-
sarcoma. A small proportion of tumors are
identified as malignancies either through manifes-
tations of their rupture (hemoperitoneum) and/or
extrauterine extension or metastases. Interestingly,
the development and progression of LMS seem
not to be associated with hormones. Rather, histo-
ries of hereditary retinoblastoma or prior pelvic
radiation are considered as the main risk factors.

Pathological Features

Grossly, LMSs are mainly a solitary uterine mass.
They are usually large with a mean diameter of
10 cm (only 25 % are <5 cm). The cut surface is
typically soft, yellow or tan, fleshy, necrotic, and
hemorrhagic with irregular and infiltrating bor-
ders (Fig. 6.4).

Most LMSs are spindle cell and hypercellular.
Tumor cells show moderate to severe nuclear
atypia and a high mitotic rate [generally exceed-
ing 10 mitoses per 10 high-power fields (HPFs)].
Tumor necrosis (coagulated necrosis) can be seen
in most cases. Epithelioid and myxoid LMSs,
however, are rare variants with mild to moderate
nuclear atypia, and the mitotic rate is often <5/10
HPF [37]. In clinical practice, the diagnosis of
LMS can be sometime problematic due to a wide

Fig. 6.4 Uterine leiomyosarcoma. (a) Gross appearance
of leiomyosarcoma, characterized by tan and fleshy cut
surface with hemorrhage and true tumor necrosis. (b)

Histology section shows hypercellular spindle cell prolif-
eration, prominent cytologic atypia, and brisk of mitoses
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Table 6.2 Benign andborderline uterine smooth muscle
tumors [38]

Leiomyoma variants with mimic malignancy

Atypical leiomyoma (leiomyoma with bizarre nuclei)

Smooth muscle tumors of uncertain malignant
potential (STUMP)

Cellular leiomyoma

Mitotically active leiomyoma

Myxoid leiomyoma

Epithelioid leiomyoma

Leiomyoma with massive lymphoid infiltration
Smooth muscle tumors with unusual growth patterns
Disseminated peritoneal leiomyomatosis

Benign metastasizing leiomyoma

Intravascular leiomyomatosis

Lymphangioleiomyomatosis

spectrum of histologic features shared with other
uterine smooth muscle tumors (USMTs) as listed
in Table 6.2. In a review of 356 cases with an
original diagnosis of LMSs, only 72.7 % cases
(259/356) could be confirmed as malignant
tumors, whereas 27.3 % (97/356) were reclassi-
fied as benign or leiomyoma variants [35].

Immunohistochemistry and Genetic
Aberrations

LMSs usually express smooth muscle markers
such as smooth muscle actin (SMA), desmin,
h-caldesmon, and histone deacetylase 8
(HDCAS). Only ~20-30 % cases express ER and
PR [39-42]. A significantly higher level of cell
proliferation (illustrated by a high Ki-67 index) is
present in the majority of LMSs [43-47].
Recently, P16 has been discovered to be a new
biomarker for LMS identified through global
gene profile analyses [48]. Emerging data showed
that ~71-100 % of LMSs are strongly and dif-
fusely immunoreactive for P16, and therefore, it
may be a useful adjunct immunomarker for dis-
tinguishing between benign and malignant uter-
ine smooth muscle tumors [40, 43, 45, 49-56].
Additionally, PTEN, FASCIN, pAKT, pS6RP,
P4EBPI1, and fB-catenin positive can be seen in
most LMS [39, 57-60]. Mutation and overex-
pression of P53 have also been described in a sig-
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nificant number of LMSs (~20—43 %) but not in
ULMs [46, 61-66] (Fig. 6.5). None of these
markers, however, are absolutely discrimina-
tory in the differential diagnosis between LMS
and its potential mimics.

Based on gene profile analysis, many cell cycle
genes, oncogenes, and transcription factors are
dysregulated and may be related to LMS tumori-
genesis (Table 6.3) [48, 67-71]. In addition,
LMSs present complex numerical and structural
chromosomal aberrations, including frequent
losses of 10q (where PTEN harbored), 12q, and
13q. A gain of 17p and losses of 2p and 16q are
occasionally observed [72-77].

Theories of Origin

The pathogenesis of uterine LMS is poorly
understood. It is generally believed that LMSs
arise de novo [78]. Lately, this theory is being
challenged as recent studies show that some
uterine LMSs may be related to preexisting
ULMs [79-81]. For example, one study shows
that there are benign-appearing tumor compo-
nents, defined as “leiomyoma-like” (Fig. 6.6),
within LMS. These leiomyoma-like areas have
fewer distinctive genomic alterations compared
to their truly malignant counterpart. Furthermore,
a high-density and chip-based analysis by CGH
illustrates some different but partially shared
genetic alterations between ‘“leiomyoma-like”
and fully malignant areas within one tumor
mass. The findings suggest that some uterine
LMS may arise from a preexisting benign uter-
ine smooth muscle tumor [82].

A mouse model utilizing a deletion of PTEN
alleles results in widespread smooth muscle cell
hyperplasia and a high rate of abdominal LMSs
with a very rapid onset and elevated incidence
(~80 %) of LMS. Apparently, the AKT-mTOR
pathway plays a critical role for smooth muscle
cell transformation and LMS genesis [83].

Atypical leiomyoma (ALM), as defined by
Stanford researchers [84], was considered to be
an intermediate-grade uterine smooth muscle
tumor (USMT). As of now, ALM is a clinically
benign disease, characterized by an absence in its
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Table 6.3 Up- and downregulated genes in uterine LMS
[48, 67-71]

Function Genes

Upregulated

Cell cycle CDKN2A, CDK4, CDKN2A,
regulation CCNDI1, CCND3, CKS2,

FOXM1, PTTGI, PRC-1,
UBE2C, COPS3, MDM2

GRIA2, NPTX2, CRABP2,
POPDC2, ST5, TOP2A

ACTCI1, DIAPH3, DCX,
COL5A2, COPS3, THBS2, PLP1

MAP3KS, PIK3R1, IL17B,
TSPAN31, SPP1

IGF1, IGFBPS5, TGFB3

Cell homeostasis
Cell structure
Signal transduction

Growth factors

Transcription E2F1, RB1, GLI1

factors

Proteinases MMP9, CAPNG6

The actin CALDI, SLMAP, DMD,
cytoskeleton ACTG2, CASQ2, CFL2, MYLK,

LPP

ADD3, ANTXR, FLJ39632,
TCF4, FBN1, SNAI2, SPRY]1,

Organ development

XPOT, FSTL1
Downregulated
Metabolism ALDHIA1, ALDHI1BI
Cell cycle and CDKNI1A, DPT, KRT19, CNN1
structure

TNXB
Mutations in KIT, MED12, IRF1
MAP3KS5, RNASE4

Cell homeostasis
Oncogenes
Signal transduction

contribution to fatalities in patients [85]. Due to
its unusual presentation of histologic features,
these tumors have been known as: atypical leio-
myoma, symplastic leiomyoma, and leiomyoma
with bizarre nuclei (Fig. 6.7). The tumor origin
and histogenesis of ALM remain largely
unknown. Recently, several studies attempted to
reexamine and evaluate the nature of ALM using
the tumors’ clinical, histology, and immunohisto-
chemistry aspects [56, 86—88]. Despite the
benign clinical course of ALM, the overlap of
several histological features and immunoprofiles
were found between ALM and LMS. The histo-
genesis and its relationship to LMS draw great
attention. To address this issue, comparison of
the molecular and gene expression patterns in
these two types of tumors was investigated
recently. It was found that ALM shared or was

m

Table 6.4 Pathological criteria for atypical leiomyoma
and smooth muscle tumors of uncertain malignant poten-
tial (STUMP) [38, 84, 86]

Standard

Cytological atypia: in 4x, focal,

multifocal, or diffuse moderate to severe
cytological atypia

Mitosis figure: <5 MF/10 HPF

Necrosis: Absent

ALM

STUMP | Tumor cell necrosis in a typical

leiomyoma

Necrosis of uncertain type with >10
MF/10 HPFs or marked diffuse atypia

Marked diffuse or focal atypia with
borderline mitotic counts

Necrosis difficult to classify
Problematic finding such as epithelioid or
myxoid change is present

closely related to LMS in many gene mutations
including P53, MEDI2, and PTEN [46, 60-66,
72-71, 86, 89-101] (Fig. 6.8). The findings of
shared genetic and molecular alterations as well
as the histologic features between ALM and
LMS suggest a close relation for the histogenesis
of these two different diseases (Fig. 6.9) [86].
In fact, the early changes of ALM and tumor pro-
gression of LMS may be far more complex than
we expected, and the findings of the shared
genetic changes between ALM and LMS may
either truly reflect the stepwise tumor progres-
sion or require some as of yet unidentified molec-
ular changes which occur only in LMS but not
ALM. Additional studies are needed to further
characterize the nature of ALM.

Uterine smooth muscle tumors of uncertain
malignant potential (STUMP) show unequivocal
histological features (i.e., coagulative tumor cell
necrosis, nuclear atypia, and mitotic activity), but
do not meet all diagnostic criteria for LMS,
ULM, or its variants [3]. STUMP is a heteroge-
neous group tumors which cannot be classified as
definitively benign or malignant; the nature of
histopathology may be benign, intermediate, or
malignant (Table 6.4) [38, 84]. Therefore,
STUMP is an entity for diagnosis of exclusion.
The mean age at diagnosis was 45 years, which is
younger than LMS and similar to leiomyoma
variants [5, 86]. The incidence of STUMP is also
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Fig. 6.6 A large leiomyosarcoma with leiomyoma-like
area. A full mounted tissue section (a) with benign
leiomyoma-like area, showing spindle cell tumor with
minimal cytologic atypia, low mitotic count, and hyalin-

unknown. The recurrence rate in patients with
uterine STUMP was 6.7 % in comparison to
LMS at 66.7 % recurrence [102-104].
Consequently, STUMP is considered also as an
intermediate or early malignant tumor type [86,
102-104]. The relationship between STUMP and
LMS has not yet been fully established.
Differential diagnosis of STUMP, ALM, and
LMS can be challenging, and several markers
such as P53, P16, FASCIN, Ki-67, ER, and PR
can be potentially used for diagnosis. For exam-
ple, P53 mutations are slightly lower in STUMP
[23 % (7/30)] and ALM [18 % (12/112)] than in
LMS (2043 %) [46, 61-66] (Fig. 6.8). P16 is an
important marker for LMS where diffuse immu-

ized change (b) and area of fully malignant area, charac-
terized by hypercellular spindle cell proliferation with
high-grade cytologic atypia and frequent mitoses/atypical
mitosis (¢)

noreactivity for P16 is present in 79 % (260/329)
of LMS, 56 % (67/119) of STUMP, and 32 %
(13/41) of ALM, respectively (Fig. 6.8) [40, 43,
45, 49-56]. FASCIN expression is also similar
between STUMP [50 % (2/4)] and LMS [79 %
(31/39)] [57, 58].

Recent identification of MEDI2 mutations in
ULMs can be a useful marker in the differential
diagnosis. Nearly 70 % of ULMs harbor MED12
mutations, but the mutation rate is very low in
STUMP, ALM, and ULM (less than 15 %, Fig.
6.8) [60, 86, 89—101].

Based on the pattern of the molecular altera-
tions, some STUMP may represent early or pre-
cursor lesions of LMS (Fig. 6.9).



6 Putative Precursors of Uterine Sarcomas

13

Fig. 6.7 Histologic variants of uterine smooth muscle
tumors (USMTs). Photomicrographs illustrate the histo-
logic examples of six USMT variants, including usual
type leiomyoma (ULM), cellular leiomyomas (CLM),

Endometrial Stromal Sarcomas
Clinical Features

Endometrial stromal sarcoma (ESS) accounts
for approximately ~10—15 % of all uterine sar-
comas and occurs over a wide age range with a
mean age of 50 years old [35, 105]. Patients
commonly present with abnormal uterine

mitotically active leiomyomas (MALM), atypical leio-
myomas (ALMs), uterine smooth muscle tumors of
uncertain malignant potential (STUMP), and leiomyosar-
comas (LMSs)

bleeding, pelvic pain, pelvic mass, and dys-
menorrhea but as many as 25 % of them are
asymptomatic [106]. Occasionally, metastasis
may be the initial presentation. The cause of
the disease is unknown but may be related to
obesity, diabetes, ovarian polycystic disease,
estrogen, tamoxifen therapy, and pelvic radia-
tion [107, 108]. Most cases (60 %) present
with FIGO stage I disease, and the remainder
are in stages II-IV [105].
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Fig. 6.8 Dot plot analyses summarized available pub-
lished data for the gene mutations and expression pattern
among leiomyoma (LM, triangles), atypical leiomyoma

Fig.6.9 Proposed
relationship of
tumorigenesis in
different USMT
subtypes [86]

MALM

(ALM, squares), and leiomyosarcoma (LMS, round) [40,
43,45, 46, 49-56, 60-66, 72-77, 86, 89—101]. The average
rates of mutations for each category are listed above

Pathological Features

According to 2014 WHO classification, endome-
trial stromal tumors (ESTs) can be divided into
three subtypes: endometrial stromal nodule (ESN),
low-grade (LGESS)/high-grade (HGESS) endo-
metrial stromal sarcoma, and undifferentiated
uterine sarcoma (UUS) on the basis of cytologic
atypia, differentiation, mitotic count, and immuno-

profile (Fig. 6.10) [3]. ESN is a benign endome-
trial stromal tumor that has a well-circumscribed
margin. For ESS, the tumor size ranges from 5 to
10 cm, and the cut surface is usually yellow to tan
with areas of hemorrhage and possible necrosis
[105, 106]. Tumors grow polypoid or intramural
masses. The common growth pattern is wormlike
plugs of tumor that fill and distend to the myome-
trial veins (intravascular) with frequent extension
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Fig. 6.10 Histology and cytology ofuterine stromal sar-
coma. (a) Low-grade endometrial stromal sarcoma
(LGESS). (b) High-grade endometrial stromal sarcoma

to parametrical veins and lymphatics. LGESS
shows minimal to no cytological atypia and low
mitotic activity (usually <5/10 HPF). The mitotic
activity of HGESS is typically >10/10 HPF and is
typically very striking [109].

Immunohistochemistry and Genetic
Aberrations

CD10, a membrane glycoprotein that functions
as a cell surface enzyme, is a feature marker for
ESS and is diffusely positive in almost all

(HGESS). (¢) Uterine undifferentiated sarcoma of uni-
form type (USS). (d) Uterine undifferentiated sarcoma of
pleomorphic type

ESS. ER (only a-isoform), PR, vimentin, a-SMA,
and keratin are also immunoreactive in ESS
[110-112]. Nuclear p-catenin and WT-1 can be
positive in ESS [113-115], whereas desmin,
h-caldesmin, and HDCAS are generally negative
[112, 116]. C-Kit can be positive, but C-Kit
mutations are not observed [117]. In those ESSs
with smooth muscle differentiation or sex cord-
like differentiation, the heterologous elements
are usually reactive for smooth muscle markers,
CD10, inhibin, calretinin, melan-A, CD99, and
WT-1 [112, 118]. Interferon-induced transmem-
brane protein 1 (IFITM1) recently has been found
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as a sensitive and specific marker for endome-
trial stromal differentiation across the spectrum
from proliferative endometrium to metastatic
stromal sarcoma. IFITM1 has been reported to
be highly sensitive and specific in the distinction
between endometrial stromal tumors and uterine
smooth muscle tumors (72.7 % and 86.7 %,
respectively) [119].

ESS is a genetically heterogeneous group of
neoplasms harboring distinct cytogenetic abnor-
malities. An unusual derivative chromosome gen-
erated by the insertion of chromosome 19 into
chromosome 10 near centromere [ins(10;19)
(pl1;p13q13)] was first reported in an ESS case in
1988 [120]. The characteristic cytogenetic abnor-
malities in ESSs are nonrandom chromosome
translocations. Nearly 80 % of LGESSs harbor a
specific chromosomal translocation t(7;17)
(p21;q15), resulting in fusion genes of JAZF1 and
JJAZ1(SUZ12) [121-123]. Other rearrangements
include t(6;7)(p21;p15), 1(6;10;10)(p21;q22;p11),
t(1;6)(p34;p21), and t(X;17)(p11.2;q21.33) which
lead to PHF1-JAZF1, EPC1-PHF1, MEAF6-
PHF1, and MBTDI1-CXorf67 rearrangements
[123-126]. Nearly 60 % of HGESSs harbor spe-
cific translocation at t(10;17)(q22;p13) which
gives rise to the YWHAE-NUTM2A/NUTM2B
fusion protein [127]. A recent study showed that
diffusely (>70 %) moderate to strong nuclear
immunoreactivity for cyclin D1, which is a target
gene of f-catenin, is seen in HGESSs with
YWHAE-NUTM2A/NUTM2B fusion but is neg-
ative in LGESSs with JAZF1-JJAZ1 fusion [128].
Moderate to strong membranous/cytoplasmic
C-Kit staining can be seen in all YWHAE-
NUTM2A/NUTM2B positive tumors (12/12);
however, no hotspot mutations of C-Kit are
observed [129].

Theories of Origin and Precursor
Lesion

It is believed that ESS originated from endome-
trial stromal cells. This is consistent with their
similar immunoprofile to endometrial stromal
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cells. The abnormal expression of nuclear
f-catenin indicated that the Wnt signaling path-
way may play an important role in the pathogen-
esis of ESSs. ESN is a clinical benign endometrial
stromal tumor, but the immunohistochemistry
profile for endometrial stromal nodule is almost
identical to LGESS. ESNs are typically immuno-
reactive for vimentin, ER, PR, and CDI10
[110-112]. Kurihara S et al. reported that 37.5 %
(3/8) of ESNs showed nuclear B-catenin expres-
sion and 25 % (2/8) were positive for cyclin D1.
Meanwhile, promoter hypermethylation and sub-
sequent suppression of secreted frizzled-related
proteins (SRFPs) could also be found in 37.5 %
(3/8) of ESNs compared with 58.6 % (17/29) of
ESSs [130]. JAZF1-JJAZ1 fusion was found in
60-100 % of ESN [131, 132], but the rearrange-
ments of YWHAE-NUTM2A/NUTM2B, PHF1-
JAZF1, EPC1-PHF1, and MEAF6-PHF1 were
not found in ESNs. The relationship between
ESN and LGESS has not been established, and it
deserves further investigation.

Uterine Undifferentiated Sarcomas
Clinical Features

Uterine undifferentiated sarcomas are poorly dif-
ferentiated sarcomas arising in the endometrium
or myometrium, lacking any resemblance to
proliferative-phase endometrial stroma, have
high-grade cytological features and no specific
type of differentiation (Fig. 6.10) [3]. Because of
the low incidence and few published series, the
knowledge of UUSs is limited. They may account
for approximately 3—6 % uterine sarcomas [133,
134]. The median age of diagnosis ranges from
42 to 75 years old. The most common symptoms
are postmenopausal vaginal bleeding, abdominal
pain, and other signs secondary to extrauterine
spread [135]. Approximately 70 % of patients are
diagnosed with stages III to IV according to the
FIGO classification, and preferential metastatic
locations include the peritoneum, lungs, intra-
abdominal lymph nodes, and bone [38, 136].
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Pathological Features

Grossly, UUSs are often polypoid masses (usu-
ally >10 cm), with a fleshy, gray to white cut sur-
face and prominent areas of hemorrhage and
necrosis. On microscopic examination, the com-
mon histology is characterized by high and
pleomorphic nuclear atypia, high mitotic activity,
and prominent tumor necrosis and lacks appar-
ently smooth muscle or endometrial stromal dif-
ferentiation (Fig. 6.10). It is important to note
that the distinction between undifferentiated/
dedifferentiated endometrial carcinoma and UUS
with nuclear uniformity can be difficult, particu-
larly in biopsy samples. According to a recent
study, the undifferentiated sarcomas can be fur-
ther defined as uniform and pleomorphic types.
Uniform type shows spindle cells or round cells
with permeative myometrial involvement and
lymphovascular invasion. Pleomorphic type
shows high-grade cytological atypia with marked
nuclear pleomorphism, brisk of mitotic activity
(almost always exceeding 10 MF/10 HPF and
sometimes approaching 50 MF/10 HPF), and
destructive infiltration of the myometrium.

Immunohistochemistry and Genetic
Aberrations

Typically,the UUSs show no immunoreaction for
ER and PR, but weak ER and PR positivity can be
observed in the uniform type. The pleomorphic
type frequently shows P53 overexpression. CD10
can be positive in some undifferentiated sarcomas,
similar to LMS, rhabdomyosarcoma, and UCS.
Focal immunoreactivity for SMA, desmin, EMA,
and keratin positivity can be seen [135].

The genetic alterations in UUS are generally
unknown as genetic, and molecular analysis for the
UUS:s is scant. Available data by sequencing analy-
sis showed that missense TP53 mutations [135] can
be observed in rare cases of UUS. Cytogenetic
analysis of UUSs showed a complex karyotype,
with many structural and numerical chromo-
somal aberrations [137]. The frequent genomic
alterations include gains on 2q, 4q, 6q, 7p, 9q,
20q and losses on 3q, 10p, 14q [122].
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Theories of Origin

The tumor origin of the UUS remains unknown.

Uterine Adenosarcomas
Clinical Features

Uterine adenosarcoma (UAS) makes up 5 % of
uterine sarcomas and mainly occurs in postmeno-
pausal women but may also be diagnosed in ado-
lescents and young adults [35]. In a recent study,
the majority of the patients were diagnosed
between the age of 40 and 65 years with 38 %
older than 65 and 10 % younger than 40 [138].
The most common symptom of UASs is vaginal
bleeding, but some patients present with pelvic
pain, vaginal discharge, or symptoms related to
uterine enlargement. Patients with previous pel-
vic radiotherapy and long-term unopposed estro-
gen therapy, in particular tamoxifen therapy, are
at high risk.

Pathological Features

UAS is a rare Miillerian adenosarcoma, mixed
with a benign epithelial and mesenchymal com-
ponents which resembles low-grade endometrial
stromal sarcoma (Fig. 6.11). About a quarter of
this tumor contains a high-grade sarcoma with
tendency of sarcomatous overgrowth [3].
Macroscopically, UAS is typically polypoid and
fills most of or the entire uterine cavity and some-
times may protrude through the cervical
OS. UASs commonly arise from the endome-
trium or adenomyosis but rarely from the endo-
cervix. The tumor size ranges from 1 to 17 cm
(with a mean of 6.5 cm) [3, 139]. The cut surface
may show variably sized cysts containing watery
or mucoid fluid or clefts. Tumors with hemor-
rhage and necrosis can be seen. Adenosarcomas
with sarcomatous overgrowth usually show myo-
metrial invasion.

Microscopically, the epithelial component is
usually benign endometrial epithelia with and
without mucinous or squamous differentiation.
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Fig.6.11
Photomicrograph of a
biphasic tumor
(adenosarcoma) contains
benign and cystic dilated
endometrial glands
surrounded by
hypercellular and
malignant endometrial
stromal cell proliferation

The mesenchymal component is malignant,
resembling LGESS. Heterologous mesenchymal
elements (rhabdomyosarcoma, chondrosarcoma,
liposarcoma, and sex cord stromal) can be found
in ~10-15 % of cases. At low power, the glands
are cystic, and the stroma concentrates around
them forming periglandular cuffs [139]. The stro-
mal component shows variable mitotic activity
(usually >4 MF/HPF). But if the characteristic
leaflike architecture is present with periglandular
cuffing, the diagnosis can be made even in the
absence of mitotic figures. Adenosarcoma with
sarcomatous overgrowth can be seen in approxi-
mately 10 % of UAS. It often shows greater
nuclear pleomorphism and mitotic activity with
myometrial and vascular invasion.

Immunohistochemistry and Genetic
Aberrations

The immunophenotype of UAS without sarco-
matous overgrowth resembles that of ESS. CD10,
WT1, ER, PR, and certain SMAs are often posi-

tive [140-143]. In contrast, UAS with sarcoma-
tous overgrowth had a strong immunoreactivity
for WT-1, Ki-67, and P53, but CD10, ER, and PR
were often negative [140, 141]. 90 % (18/20) of
UASs are immunoreactive for CD10, but only 63
% (5/8) of UAS with sarcomatous overgrowth are
CD10 positive [143]. Ki-67 can be used to distin-
guish UASs from other benign tumors, such as
endometrial polyps and atypical polypoid adeno-
myomas. Ki-67-positive nuclei are higher in the
periglandular zone (~20 %) than the adjacent
stroma (<5 %) [140]. The genetic and epigenetic
aberrations in UAS remain largely unknown. A
recent mouse model showed that HMGA 1a trans-
genic mice developed aggressive uterine tumors
resembling UAS. This study suggested that
HMGA1la may play an important role in UAS
development [144].

Theories of Origin

The molecular mechanisms and tumor origin of
sarcomagenesis in UAS remain unknown.
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