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The Editors, on behalf of all the contributors to this book,
dedicate this work to all the women who are fighting
with gynecologic cancers and to those involved in the research,

prevention, treatment, and care of these diseases.






Over the years, the prevention and treatment of gynecologic cancers has
improved as the result of strong multidisciplinary efforts, which allows for
early detection of the disease and improved intervention strategies. In this
book we have gathered all the molecular and cellular aspects of gynecologi-
cal cancers together within one volume and provided a comprehensive
resource of information on drug discovery and drug development for the
treatment of these diseases.

The reader will find an overview of the genetic and epigenetic mecha-
nisms underlying the formation and progression of gynecological cancers as
well as detailed, up-to-date information on the etiology, diagnosis, and treat-
ment of these diseases, which include ovarian cancer, uterine cancer, cervical
cancer, vaginal cancer, and vulvar cancer. Fertility preservation and available
options were also included in the book. In addition, emphasis was placed in
providing the public with information on the racial/ethnic disparities in the
treatment of gynecological cancers.

Philadelphia, PA, USA Antonio Giordano
Marcella Macaluso
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Epigenetic Mechanisms
in Gynecological Cancers



Gavino Faa, Daniela Fanni, Giuseppina Pichiri,
and Clara Gerosa

Abstract

The disruption of epigenetic regulatory mechanisms has been demonstrated
to represent the prevalent carcinogenetic actor in cancer, aberrant epigene-
tic silencing of tumor suppressor genes, mainly due to DNA methylation,
representing a relevant mechanism able of modifying the expression of key
genes during carcinogenesis. In addition, epigenetic regulation has included
microRNAs that regulate gene expression leading to inhibition and/or deg-
radation of RNA target. In recent years, epigenetic silencing has been indi-
cated as one of the major causes of gynecological cancer, being able to
inactivate multiple pathways including cell cycle control, DNA repair, and
apoptosis. In this chapter, the most important environmental factors inter-
fering with the DNA methylation status in mammalian cells, leading to the
insurgence of gynecological tumors will be discussed, including the dietary
habits that have been indicated as main actors of DNA methylation. The
role of epigenetics in the insurgence of ovarian cancer, endometrial cancer,
cervical cancer, and endocervical cancer will be discussed. Finally, the role
of microbioma in gynecological cancer insurgence and progression will be
discussed. Here, a modern view of the relationship between genetics and
epigenetics in gynecological cancer is presented. According to this view,
genetics might be seen as a piano, a long one with a keyboard of 25,000
keys each one representing one human gene, whereas epigenetics could be
represented by the piano tuner and by the pianist. The epigenetic approach
is based on changing the pianist, i.e. the hyper- or hypomethylation status
of target genes appears much more promising for the therapy of gyneco-
logical cancer than the previous ones based on modifying the piano, i.e. the
genetic changes accumulating in tumor cells.
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Introduction

The term “epigenetics” originates from the acquisi-
tion that classical genetics cannot completely
explain the diversity of phenotypes within a popu-
lation, and includes the heritable changes in gene
expression that are not due to any alteration in the
DNA sequence [1]. Epigenetic factors, and in par-
ticular DNA methylation, regulate gene expres-
sion, starting from the early phases of human
development, the individual methylation pattern
being established at the time of implantation. The
disruption of epigenetic regulatory mechanisms
has been demonstrated to represent the prevalent
carcinogenetic actor in cancer [2] (Fig. 1.1). During

development, methylation of selected areas of gene
promoters might act in a specific pattern, inhibiting
differentiation and favoring the maintenance of
stemness [3]. The hypothesis that epigenetic altera-
tions might play a significant role in tumor insur-
gence and progression goes back to the early years
of this century, when aberrant epigenetic silencing
of tumor suppressor genes, mainly due to DNA
methylation, was proposed as a relevant mecha-
nism able of modifying the expression of key genes
during carcinogenesis [4]. Further studies evi-
denced the complexity of the molecular mecha-
nisms through which environment and lifestyle
may interfere and regulate gene expression [5].
Nowadays, the most important epigenetic changes
may be classified as the following: (a) DNA
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Fig.1.1 Epigenetic silencing of tumor suppressor genes
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Fig.1.2 The most
important epigenetic
changes in human
carcinogenesis

THE MOST IMPORTANT EPIGENETIC CHANGES
IN HUMAN CARCINOGENESIS:

- DNA HYDROXYMETHYLATION

- DNA METHYLATION

- POLYCOMBS GROUP PROTEINS

- HISTONE ACETHYLATION

- DNA DEMETHYLATION

- LONG NON-CODING RNA METHYLATION
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- HISTONE METHYLATION

- MICRO RNA METHYLATION

- HISTONE DEMETHYLATION

methylation/demethylation [6]; (b) histone meth-
ylation/demethylation [7]; (c) histone acethylation/
deacethylation [8]; (d) histone phosphorelation/
dephosphorelation (Fig. 1.2).

Recently, DNA hydroxymethylation and post-
translational modifications (PTMs) of histone
proteins affecting nucleosome remodeling have
been added to the list of epigenetic mechanisms
able to cause aberrant DNA methylation patterns
involved in human carcinogenesis [9]. Other epi-
genetic modifications, including deamination in
DNA, ADP ribosylation, and ubiquitylation/
sumoylation in histones have been reported in
several tumors, including endometrial cancer [10].
In addition, epigenetic regulation has included
microRNAs that regulate gene expression lead-
ing to inhibition and/or degradation of RNA tar-
get [10]. The growing evidence on a major role
played by epigenetic dysregulation of microR-
NAs in cancer insurgence and progression is at
the basis of many studies aimed at targeting
microRNAs for cancer therapy [11]. Moreover,
growing evidence indicates a major role in cancer
insurgence for long non-coding ribonucleic acids

(LncRNAs), and in particular to their different
promoter methylation patterns, aberrant methyla-
tion of LncRNAs being involved in cancer devel-
opment and progression [12]. LncRNAs are
involved in multiple biological and pathological
processes, including regulations of epigenetics,
and their expression patterns in gynecological
tumors differ from those of normal tissues and
benign tumors, indicating their possible utiliza-
tion as early diagnostic biomarkers and ideal ther-
apeutic targets in gynecological cancers [13].

In mammalian cells, DNA methylation/
demethylation represents the best-known and one
of the most popular epigenetic modifications.
The development in recent years of new methods
for the detection of DNA methylation, including
the methylation-specific multiplex ligation-
dependent probe amplification (MS-MLPA) [14],
the Mass ARRAY mutation method [15], and the
MethylCap-Seq analysis [16] facilitated research-
ers involved in the analysis of the methylation
status of tumors originating in several organs,
including gynecological cancers [17]. Thanks to
these new techniques, the pivotal role of DNA



methylation in regulation of gene expression has
been highlighted, hypermethylation being able to
inactivate and silencing several tumor-suppressor
genes and microRNA genes [18, 19]. DNA meth-
ylation is catalyzed by DNA methyltransferases
(DNMTs), and the regulation of their expression
and activity is considered a crucial point in gene
expression in mammalian cells [20]. DNMTs
consist of three members, DNMT1, DNMT3A,
and DNMT3B [21]. DNMT1 catalyzes the meth-
ylation of the 5’ cytosine in the CpG islands,
whereas DNMT3A and 3B are essential for de
novo methylation and for mammalian develop-
ment [22]. DNA hypermethylation mainly occurs
in the promoter region and, in particular, in cyto-
sines preceding guanines (CpGs) [17, 23]
(Fig. 1.1). CpGs are frequently found in the 5’
end of the regulatory region of many genes, and
are normally not methylated in normal human
cells, their methylation representing one of the
most important mechanism for the regulation of
gene expression in the human genome [24]. DNA
methylation occurs in a complex chromatin net-
work and is influenced by peculiar changes in the
histone structure, histone modifications represent-
ing a risk factor for recurrence in human cancer
[25]. The hypothesis that epigenetic changes might
play a fundamental role in gene expression, lead-
ing to modifications of the checkpoint machinery
and to cancer insurgence, is at the basis of the
project aimed at defining the human epigenome
[26, 27]. The collection of a large series of DNA
methylation patterns in human cancers has lead to
the definition of MethHC, a database of DNA
methylation and gene expression in human cancer.
The vast majority of epigenetic events described in
gynecological cancers may be found in MethHC
(http://MethHC.mbc.notu.edu.tw), including a
systematic large collection of DNA methylation
data and mRNA/microRNA expression profiles in
human cancer [28].

Another epigenetic mechanism able to induce
gene silencing has been identified in polycomb
group proteins, which are responsible for revers-
ibly repress genes required for differentiation
[29]. According to the hypothesis of stem cell
origin of cancer, hypermethylation of cancer spe-
cific porters in stem cells might transform revers-
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ible gene repression into permanent silencing,
inducing stem cells in a perpetual state of self-
renewal, thereby favoring clonal expansion and
malignant transformation [30].

Epigenetic silencing has been indicated by
several authors as one of the major causes of
gynecological cancer, being able to inactivate
multiple pathways including cell cycle control,
DNA repair, and apoptosis. Moreover, differen-
tial methylation profiles have been revealed in
endometrial, cervical, and ovarian cancers, sug-
gesting the existence of different epigenetics-
driven molecular pathways among these
neoplasms [31]. According to a modern view on
pathogenesis of human carcinogenesis, cancer
genetics and epigenetics should not be consid-
ered as two separate mechanisms, but as two
sides of the same coin [32]. Recently, different
epigenetic modifiers have been hypothesized to
act on the transcription factor NKX6.1 that func-
tions in physiology as a suppressor of epithelial—
mesenchymal transition. Hypermethylation and
downregulation of the NKH6.1 gene have been
detected in several cancers, being associated with
the metastatic potential of tumor cells, making
this epigenetic change the target for novel thera-
peutic options in oncology [33].

Regarding the environmental factors interfer-
ing with the DNA methylation status in mamma-
lian cells, in health and disease, dietary habits have
been indicated in recent years as main actors of
DNA methylation (Fig. 1.3). Dietary factors might
influence DNA methylation in several ways: (a)
modulating the supply of methyl groups for the
formation of S-adenosylmethionine; (b) modify-
ing the activity of methyltransferases; (c) regulat-
ing the demethylation activity [34]. Multiple food
components have been shown to interfere on DNA
methylation, including vitamin B6, B12, methio-
nine, folate, and choline [35]. Recently, other
dietary components have been indicated as puta-
tive conditioners of the DNA methylation status,
including alcohol, phytoestrogen, plophenols,
and flavonoids in green tea, lycopene [36]. Stress
and smoking have also been proposed among the
epigenetic factors able to interfere with DNA
methylation [37]. Other epigenetic factors have
been identified in pollutants altering the endocrine
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Fig.1.3 Environmental factors interfering with DNA methylation

system, also known as endocrine disruptors,
which have been hypothesized to have epigenetic
adverse effects on the health of future generations.
The endocrine disruptors indicated to have a role
in human carcinogenesis, and in particular in
gynecological cancer insurgence and progression,
are pesticides, dioxin, phthalates, DDT, diethyl-
stilbestrol, and heavy metals [38]. In recent years,
a new hypothesis has been proposed regarding the
influence of a wrong feeding pattern and a modi-
fied lifestyle on cancer risk. According to this
hypothesis, diet and lifestyle might induce epigen-
etic changes in human gene expression by inducing
changes in the composition of the gut microbiome
[39]. A modified microbial community in our gas-
trointestinal tract has been shown to affect cancer
susceptibility, not restricted to gastrointestinal car-
cinogenesis, but with consequences even in distant
organs [40].

Epigenetic Mechanisms
in Endometrial Cancer

The first studies on the epigenetic gene silencing
profile of endometrial cancer evidenced the
occurrence of hypermethylated alleles in tumor
cells, suggesting the existence of aberrant meth-
ylation in the vast majority of endometrial

tumors. In the first studies aimed at discovering
the epigenetically masked tumor suppressor
genes in endometrial carcinoma, a hypermethyl-
ation status was reported in the progesterone
receptor (PR) and estrogen receptor (ER) genes
[41]. A specific methylation profile was evi-
denced in the vast majority of endometrial can-
cers, characterized by hypermethylation of APC
and pl6, occasionally associated with aberrant
methylation of CASP8, p73, hMLHI, and
CDHI13 [31]. These preliminary data lead to
hypothesize the use of epigenetic markers for a
better classification of endometrial cancer, allow-
ing a new sartorial approach to cancer manage-
ment based on the epigenetic profile of each
endometrial tumor. Conflicting results on the tar-
get genes of hypermethylation in endometrial
cancer were reported by further studies aimed at
identifying epigenetic abnormalities specific of
endometrial carcinogenesis. Three genes showed
significant percentages of hypermethylation,
including hMLH1 (40 %), E-cadherin (34 %),
and APC (34 %), whereas no aberrant methyla-
tion was found in pl6 [42]. hMLHI promoter
hypermethylation and silencing was confirmed as
a typical epigenetic marker of primary endome-
trial cancer, in association with histone modifica-
tions [43] or with DNA hypermethylation of the
CDKN2A/p16 gene [44]. The application of the



epigenetic reactivation screening strategy, that
combines treatment in vitro of cancer cells with
DNA methyltransferase inhibitors and microar-
ray analyses, allowed the identification of new
tumor suppressor genes repressed in endometrial
cancer, reinforcing the hypothesis of a major role
of epigenetic silencing in endometrial carcino-
genesis [45]. A further step in the knowledge of
the relevance of epigenetic hypermethylation in
endometrial cancer is represented by the attempts
to introduce methylation inhibitors as anticancer
agents. The demonstration that aberrant hyper-
methylation of the CHFR gene in endometrial
carcinoma is correlated with sensitivity of tumor
cells to microtubule inhibitors allowed to hypoth-
esize a new therapeutic approach based on the
identification of hypermethylated tumor suppres-
sor genes, which could guide a tailored antican-
cer therapy based on control of methylation [46].
Among the multiple epigenetic factors contribut-
ing to abnormal DNA methylation in the setting
of endometrial cancer insurgence, recent studies
underlined the role of dietary/lifestyle and envi-
ronmental factors, which might play a relevant
role in modifying dynamically gene expression
in many cancer types, including endometrial can-
cer [47]. A study aimed at verifying the presence
inside endometrial malignant tumors of tumor
cells expressing CD133, a stem cell marker for
tumor initiating cells in solid tumors, revealed
hypomethylation of the CD133 promoter in
malignant endometrial cells relative to benign
control [48]. These findings supported the
hypothesis that CD133 expression might be epi-
genetically regulated in endometrial carcinoma,
hypomethylation of the CD133 promoter being
associated with tumor enrichment of CD133+
tumor cells, influencing tumor aggressivity,
recurrences, and prognosis. Downregulation of
the Wnt antagonist through epigenetic silencing
has been proposed as one of the most relevant
mechanisms responsible for deregulation of the
Whnt/Beta-catenin signaling pathway in endome-
trial carcinogenesis [49]. Aberrant DNA hyper-
methylation in endometrial cancer cells has been
indicated as a principal epigenetic mechanism
involved in breakdown of the mismatch repair
mechanism frequently observed in the develop-

G.Faaetal.

ment of endometrial cancer, with changes in the
expression of the hMLH]1 gene playing a particu-
larly relevant role [50]. Moreover, hypermethyl-
ation has been proposed as the main responsible
mechanism for dysregulation of gene expression
by microRNA in tumor cells that frequently
underlies the carcinogenetic mechanisms of
endometrial cancer [51]. Given that, in endome-
trial carcinogenesis, tumor-suppressor microR-
NAs and oncogenic microRNAs are associated
with epigenetic dysfunction, they have been
hypothesized to have a key role in the therapy of
endometrial cancer [52]. Epigenetic inactivation
of the epidermal growth factor-containing fibulin-
like extracellular matrix protein 1 (EFEMP1)
tumor suppressor gene has been identified as a key
factor in endometrial carcinogenesis (Fig. 1.4).
The altered methylation status, i.e. hypermethyl-
ation of the EFEMP1 promoter, was found to be
the responsible for downregulation of the
EFEMP1 protein with loss of its tumor suppres-
sive function and of its ability to block decreased
secretion of metalloproteinases, ending with
endometrial cancer insurgence and progression
[53]. A possible relevant role for epigenetics in
the therapy of endometrial adenocarcinoma was
demonstrated in the same study: treatment of
tumor xenografts with 5-aza-2'-deoxycytidine
and with trichostatin A, two drugs able to restore
the physiological methylation status, restored
EFEMP1 protein expression in tumor cells, fol-
lowed by inhibition of tumor cell proliferation,
inhibition of tumor growth, decrease in metallo-
proteinase secretion, and inhibition of invasion.
These data clearly indicate EFEMP1 as a candi-
date tumor suppressor gene in endometrial ade-
nocarcinoma, promoter hypermethylation as the
main mechanism responsible for the gene silenc-
ing, and suggest target therapy by demethylating
agents as the future therapy in endometrial can-
cer. In further studies on the methylation status of
tumor cells in endometrial carcinoma, aberrant
CpG methylation was detected in the promoter
region of two tumor suppressor genes, GSTP1
and RASSF1A, this epigenetic event being cor-
related with higher tumor grade, deeper myome-
trial invasion, and metastasis of pelvic lymph
nodes [54]. In the same study, higher percentages



1 Epigenetic Mechanisms in Gynecological Cancer

PROMOTER

5-ASA DEOXYCYTIDINE

EPIGENETICS —) HYPERMETHYLATION ——> TUMOR SUPPRESSOR ——)» ENDOMETRIAL CARCINOMA

BLOCK OF

GENE EFEMP1

—— CELL PROLIFERATION

EFEMP1 PROMOTER | |
DEMETHYLATION

— INVASION

TRICHOSTATIN-A

—— METASTASIS

—— MMP1

Fig.1.4 Epigenetic inactivation of EFEMP1 is associated with tumor suppressive function in endometrial carcinoma

of abnormal methylation were also found in
endometrial complex hyperplasia when com-
pared to the healthy endometrium, suggesting a
major role for epigenetics also in the early phases
of endometrial carcinogenesis, in the progression
from complex or atypical endometrial hyperpla-
sia to endometrial carcinoma.

A study based on a novel integrative epig-
enome—transcriptome—interactome analysis
revealed that HAND2, a typical tumor suppressor
gene, represents the hub of the most highly
ranked differential methylation hotspots in endo-
metrial cancer, HAND?2 hypermethylation being
paralleled by a decrease in RNA and protein lev-
els [17]. Moreover, increased HAND2 methyla-
tion was detected as a typical feature of complex
atypical endometrial hyperplasia, suggesting the
hypothesis that HAND2 methylation analysis of
endometrial secretions from women with post-
menopausal bleeding might be utilized as a bio-
marker for early detection of endometrial cancer.
Among women with endometrial hyperplasia,
high levels of HAND2 methylation were associ-
ated with a low response to progesterone treat-
ment, indicating this epigenetic marker as a
predictor of treatment response in endometrial
precancerous lesions. All these data taken
together, the potential clinical usefulness of
HAND?2 methylation analysis emerges: it might
be applied to triage women with postmenopausal

bleeding as an epigenetic test to early diagnosis
of endometrial cancer and to predict response
to treatment. A methylation analysis in endo-
metrioid carcinoma evidenced significantly
higher methylation of the promoter CpG islands
of CDHI13, WTI1, and GATAS5 genes.
Hypermethylation of the GATAS gene was also
shown to be associated with a poor prognosis, its
epigenetic silencing characterizing the poorly
differentiated endometrioid carcinomas [55]. A
hypermethylation status has been detected in the
gene encoding for a microRNA, miR-196b, its
epigenetic silencing causing the absence of its
regulatory function on c-myc and Bcl-2 expres-
sion [56]. PTEN, a critical tumor suppressor gene
regulating the PI3K-AKT pathway, has been
found to be repressed in endometrial carcinogen-
esis not only for mutations and deletion, but even
through epigenetically silencing by promoter
hypermethylation [57]. The hypothesis of a rele-
vant role of epigenetics on PTEN silencing in
endometrial cancer has been confirmed by a
recent study, showing that Piwil7, a member of
the Piwi family, could promote the loss of func-
tion of the tumor suppressor gene PTEN by
increasing hypermethylation of its promoter
through upregulation of DNA methyltransferase
1 (DMT1) [58].

Promoter hypermethylation patterns have
been reported, in recent years, in other tumor
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Fig. 1.5 Epigenetic factors involved in endometrial carcinogenesis

suppressor genes involved in endometrial car-
cinogenesis, including the E-cadherin gene [59],
the cadherin13 (CDH13) gene [60], the cadherin
1 (CDH1), and the Ras-associated domain gene
family 1 (RASSF1) [54] (Fig. 1.5). Epigenetic
dysregulation has been reported in some mem-
bers of the homeobox (HOX) family, acting as
tumor suppressors in endometrial carcinogenesis.
Promoter hypermethylation was found in
HOXAT11 [61] and HOXA10, the latter involved
in epithelial-mesenchymal transition, the mecha-
nism facilitating tumor cell invasion and metasta-
sis [62]. The hypothesis that the carcinogenic
mechanisms of endometrial cancer may involve
both genetic and epigenetic changes has been
reinforced by a recent study by Banno and
coworkers [63]. In that article, hypermethylation
of genes of the mismatch repair (MMR) system
and of suppressor microRNAs including mir124,
mirl26, mir 137, mir129-2, mirl152, and mir491
have been proposed as the mechanism responsi-
ble for development of new treatment strategies
in endometrial carcinoma, based on targeting

epigenetically hypermethylated genes. Further
genes have been shown to be hypermethylated in
their promoter region in endometrial carcinoma
by using the real-time methylation-specific poly-
merase chain reaction amplification method [58].
Promoter hypermethylation of collagen type XIV
alpha-1 (COL14Al), zinc finger protein 177
(ZNF177), dihydropyrimidinase-like 4
(DPYSLA4), homeobox A9 (HOXAY), and trans-
membrane protein with epidermal growth factor-
like and two follistatin-like domains 2 (TMEFF2)
was found to represent a frequent epigenetic
event in endometrial carcinogenesis. The com-
bined testing of ZNF177 and COLI14Al
methylation had the highest specificity (100 %)
for the diagnosis of endometrial cancer. The
hypothesis that epigenetic changes in endome-
trial cancer and in precancerous lesions might be
utilized as markers for the early diagnosis of
endometrial cancer has been reinforced by a
recent study aimed at exploring the epigenetic
regulation of endometrial carcinogenesis [33].
In that study, promoter methylation of the CDH13
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gene was detected in complex endometrial hyper-
plasia and in atypical endometrial hyperplasia as
well as in well differentiated endometrial carci-
noma, indicating a role for CDHI13 epigenetic
changes in the early phases of endometrial carci-
nogenesis. Hypermethylation of another suppres-
sor gene, SHP1, was restricted to endometrial
carcinoma cells, being absent in endometrial
hyperplasia. As a consequence, SHP1 epigenetic
hypermethylation changes have been proposed as
a useful biomarker for diagnosis of endometrial
cancer. A systematic analysis of the multiple
mechanisms underlying downregulation of pro-
gesterone receptors (PRs) in endometrial cancer
allowed the identification of different epigenetic
mechanisms responsible for the decrease of PRs
in the more advanced and less differentiated
forms of endometrial cancer. Recruitment of the
polycomb repressor complex 2 to the PR pro-
moter probably represents the initial mechanism
of PR gene silencing, followed by hypermethyl-
ation that suppresses completely PR transcrip-
tion, inactivating progesterone, the natural
inhibitor of endometrial carcinogenesis [64].

Targeting epigenetic changes in endometrial
cancer has been suggested by several authors as a
promising field in the therapy of endometrial can-
cer, with the aim of developing new drugs able to
reactivate tumor suppressor gene function
silenced by epigenetic changes [65]. A new epi-
genetic pathway dysregulation has been reported
in endometrial cancer by a recent immunohisto-
chemical study focused on the role of G9a, a his-
tone methyltransferase [66]. Increased GY9a
immunoreactivity in endometrial cancer cells
was associated with deep myometrial invasion,
suggesting a major role for G9a in endometrial
carcinoma progression. Moreover, a significant
negative  correlation between G9a and
E-cadherin expression was observed in endome-
trial cancer cells, suggesting that E-cadherin
loss probably mediates the effects of G9a on
cancer invasion. On the basis of these data, tar-
geting the G9a-mediated epigenetic dysregula-
tion has been suggested as a new therapeutic
strategy for endometrial cancer.

Another epigenetic mechanism involved in
gynecological carcinogenesis is represented by
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hypomethylation, also known as demethylation,
of the promoter region of oncogenes, a mecha-
nism that plays an important role in human carci-
nogenesis and in particular in endometrial cancer
[10]. A hypomethylation status has been detected
in numerous familial and sporadic cancer types,
including endometrial cancer. Demethylation of
the promoter of the long interspersed element-1
(LINE-1) has been indicated as a putative marker
for the early diagnosis of endometrial carcinoma
[67]. Hypomethylation of the promoter of the
CTCFL/BORIS gene has been described in the
early phases of endometrial carcinogenesis, lead-
ing to overexpression of the protein product,
associated with poor prognosis of endometrial
adenocarcinomas [68]. Hypomethylation has
been indicated also as a prognostic marker of
recurrence in endometrial carcinoma: hypometh-
ylation of bone morphogenic protein (BMP)
members, including BMP2, 3, 4, and 7 was asso-
ciated with recurrence and poor survival in
women affected by endometrial cancer [69].
Hypermethylation and demethylation often work
as two sides of the same coin in ovarian cancer:
an overall global decrease of heterochromatin,
and in particular a demethylation status of the
promoter region of several oncogenes, is associ-
ated with hypermethylation of specific CpG
islands in the promoter of several tumor suppres-
sor genes [70].

Epigenetic Factors in Ovarian
Cancer

The knowledge that epigenetic factors might play
a relevant role in ovarian carcinogenesis, in par-
ticular in the precursor lesions and early events of
ovarian cancer insurgence, goes back to the
beginning of this century [71] (Fig. 1.6). DNA
hypomethylation of SAT2 in chromosome 1 was
one of the first epigenetic change reported in
ovarian cancer, being associated with advanced
stage or high grade of the neoplasm [72]. Further
studies on the epigenetic gene-silencing
methylation-related profile of ovarian cancer
revealed hypermethylation of APC and p16 genes
in the majority of cases, occasionally associated
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Fig. 1.6 Epigenetic factors in ovarian cancer

with BRCA1 and p14, and only rarely with PTEN
hypermethylation [31]. Studies carried out on
genome methylation status in epithelial ovarian
cancer evidenced a progressive decrease in the
level of methylation in the promoter of the long
interspersed element 1 (LINE-1) gene, lower lev-
els correlating with advanced tumor grade and a
poorer mean overall survival. On this basis,
LINE-1 hypomethylation has been proposed as a
useful marker to be included among the clinic-
pathological parameters in the prognosis, and a
potential marker for a target therapy of ovarian
cancer [73]. The epigenetic origin of the inacti-
vation of the RUNX3 gene has been demon-
strated by a methylation-specific PCR analysis
that demonstrated hypermethylation of the pro-
moter region of RUNX3 in 86 % of the analyzed
endometrial cancers. In the same study, immuno-
histochemistry confirmed the loss of the RUNX3
protein in the majority of endometrial carcino-
mas, the increase in the percentage of negative

cases paralleling the increase of the tumor grade,
thus indicating epigenetic RUNX silencing as an
important factor in carcinogenesis of the endo-
metrium [74]. All these data taken together, DNA
methylation was proposed as a relevant tool for
early diagnosis, prognosis, and treatment of ovar-
ian cancer [75].

Epigenetic regulation has been associated also
with ovarian cancer stem cells. The finding of
ovarian cancer cells immunoreactive for CD133, a
typical marker of stem/progenitor cells, induced
Baba and coworkers to analyze the methylation
state of these progenitors. This study evidenced a
hypomethylated state in CD133-positive cancer
stem cells, reinforcing the hypothesis that the
activity of ovarian cancer stem cells may be epige-
netically regulated [76]. The application of the
high-throughput profiling method for the identifi-
cation of the DNA hypermethylation profile in dif-
ferent subtypes of ovarian cancer allowed to reveal
the existence of a unique hypermethylation pattern
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in different subtypes, suggesting the existence of
different epigenetic mechanisms involved in dif-
ferent histotypes of ovarian cancer [77].
Epigenetic factors related to age have been
shown to may play a relevant role in ovarian car-
cinogenesis. A study carried out utilizing the
expression microarray analysis on ovarian cancer
revealed the age-related progressive epigenetic
silencing of the TGF-beta pathway activity, asso-
ciated with hypermethylation of the TGF-beta
gene, leading to suppression of the TGF-beta sig-
naling contributing to ovarian carcinogenesis
[78]. A study aimed at shedding light on the role
of epigenetic gene silencing in ovarian carcino-
genesis revealed the enrichment of methylation
in multiple genes related to cell differentiation
and proliferation inhibition, their silencing pro-
moting tumor cell proliferation [3]. These data
reinforced the hypothesis on a major role of epi-
genetic gene silencing in ovarian cancer insur-
gence and progression, and suggests that the
study of the methylation pattern in ovarian cancer
might represent an additional tool for prognostic
and therapeutic purposes. The potential revers-
ibility of epigenetic mechanisms made them par-
ticularly attractive candidates for development of
new therapies of ovarian carcinoma, the defini-
tion of a specific epigenetic signature facilitating
the development of a personalized and tailored
cancer treatment [70]. The Ras-related associated
with diabetes (RRAD) gene, encoding for a Ras-
related GTPase, has been found to be hypermeth-
ylated in the promoter region in ovarian cancer,
hypermethylation being associated with concom-
itant loss of expression [79]. In the same study,
treatment of ovarian cancer cells with DNA
methyltransferase inhibitors resulted in demeth-
ylation of the RRAD promoter and restored
RRAD expression, followed by inhibition of
tumor growth. These data clearly evidence the
relevant role played by RRAD epigenetic silenc-
ing in ovarian carcinogenesis and reinforce the
hypothesis on a major role that targeted epigene-
tic therapies might play in ovarian cancer.
Targeting the epigenome has become one of
the most important challenges for researchers
involved in gynecological cancer and, in particu-
lar in ovarian carcinogenesis. Two main reasons
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are at the basis of this assumption: (a) the small
number of distinct genetic mutations contributing
to ovarian carcinogenesis; (b) the always more
numerous evidences of the prominent role played
by epigenetic deregulation in silencing tumor
suppressor genes and activating proto-oncogenes.
On this basis, epigenetic therapies represent the
new challenge in ovarian oncology, with the
potential of the new epigenetic drugs to modify
the epigenetic programming in ovarian cancer
cells, reactivating tumor suppressors and repress-
ing proto-oncogenes [80]. DKK2, a member of
the Dickkopf family, is a Wnt antagonist that has
been found to be highly downregulated in ovarian
cancer cells, due to its promoter hypermethyl-
ation. Epigenetic silencing of the DKK?2 gene has
been proposed as a major molecular mechanism
responsible ~ for  ovarian  carcinogenesis.
Downregulation of the DKK2 protein expression
causes overexpression of the downstream genes
of the Wnt signaling pathway, including beta-
catenin, c-Myc, and cyclin D1, supporting a
major role for DKK2 dysregulation in human
ovarian carcinogenesis. Moreover, DKK?2 silenc-
ing has been associated with overexpression of
matrix metalloproteinase 2, indicating a role for
DKK?2 dysregulation in ovarian cancer cell
migration and invasion. These findings suggest
that DKK?2 probably represents a hypermethyl-
ated target gene in ovarian cancer, its epigenetic
silencing playing a fundamental role in human
ovarian cancer insurgence and progression [81].
As a consequence, development of new epigene-
tic drugs aimed at demethylating and reactivating
the DKK?2 gene expression might represent one
of the most important challenges in human ovar-
ian oncology [82].

Targeting epigenetic mechanisms associated
with miRNAs upregulation may represent
another promising field in the treatment of ovar-
ian cancer. Many microRNAs have been found to
be characterized by altered expression in ovarian
cancer tumor cells, including miR31, miR200,
and miR214, and inhibition of their upregulation
might be effective for development of new strate-
gies in the target therapy of ovarian carcinomas
[63]. In the search of agents for a targeted therapy
of ovarian cancer, sorafenib, a multiple kinase
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inhibitor able to block tumor growth and epithe-
lial-mesenchymal transition, has been shown to
also act at epigenetic level, altering the histone
acethylation pattern [83].

DNA hypomethylation has been indicated as
the epigenetic mechanism responsible for glyco-
silation changes in the cell membrane of epithe-
lial ovarian cancer cells, leading to altered cell
signaling [84]. In particular, FNA hypomethyl-
ation has been indicated as the main mechanism
at the basis of a decreased expression of MGAT?3,
one of the enzymes involved in the synthesis of
cell membrane glycans, leading to the synthesis
of the unique “bisecting GIcNAc” type N glycans
on the cell membrane of ovarian cancer cells that
might potentially be useful for the development
of new anti-glycan anticancer drugs.

A peculiar problem in gynecological carcino-
genesis is represented by ovarian endometriosis
and, in particular, by factors involved in malig-
nant transformation of the ectopic endometrium.
A recent study on the methylation status of the
SPOCK2 gene in ovarian endometriosis, com-
bined with the analysis of the SPOCK2 protein
expression pattern, revealed the hypermethyl-
ation state of SPOCK?2 in endometriosis-related
ovarian endometrioid carcinoma. These data sug-
gest a major role of epigenetics in malignant
transformation of ovarian endometriosis, abnor-
mal methylation of the SPOCK2 gene leading to
loss of expression of the SPOCK?2 protein, end-
ing with insurgence of ovarian endometrioid
cancer [85]. The role of epigenetics in the insur-
gence of endometrioid carcinoma in ovarian
endometriosis has been confirmed by the finding
that epigenetic inactivation of the hMLH1 gene
represents an early event in the malignant trans-
formation of ectopic endometrium [86].
According to these findings, the methylation sta-
tus of the hMLH1 gene has been proposed as a
useful molecular marker for the early diagnosis
of cancer progression in ovarian endometriosis.
A recent study focused on the role of genetic and
epigenetic mechanisms involved in the develop-
ment of endometriosis-related ovarian carci-
noma, evidenced a major role for epigenetics in
the development of endometrioid ovarian carci-
noma. Three main phases were identified in this
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process: (a) the uterine initial phase, represented
by the inheritance of a genetic background char-
acterized by endometriosis susceptible genes; (b)
the second phase with epigenetic disruption of
tumor suppressor genes’ expression, due to
hypermethylation of their promoter; (c) the third
phase consisting in retrograde menstruation caus-
ing iron storage, leading to Fenton reaction-
mediated oxidative stress and accumulation of
somatic mutations [87]. A recent study aimed at
investigating the role of the epigenetic inactiva-
tion of the runt-related transcription factor 3
(RUNX3) gene in the malignant transformation
of ovarian endometriosis evidenced that RUNX3
inactivation by promoter hypermethylation
plays a significant role in the progression of
endometriosis toward endometrioid carcinoma
[88]. The methylation status was inversely cor-
related with the expression of the RUNX protein,
indicating immunohistochemistry for the RUNX
protein as an early diagnostic marker in patients
with ovarian endometriosis at increased risk for
developing adenocarcinoma.

Epigenetic Mechanisms in Cervical
Carcinoma

Human papilloma virus has been identified as the
unique, or better as the major etiological factor
responsible for the insurgence of carcinoma of
the uterine cervix. The long interval between
HPYV infection and the diagnosis of cervical can-
cer clearly indicates the existence of multiple fac-
tors, including epigenetic events, that should be
responsible for the multiple steps of development
and progression of cervical carcinoma. According
to this hypothesis, viral proteins have been shown
to interact with cell cycle proteins of infected cer-
vical cells, including cyclin D, cyclin E, pl6,
p21, and p27, leading to alterations of the cell
cycle checkpoint machinery, playing a funda-
mental role in cervical carcinogenesis [89]. First
studies aimed at defining the differential methyl-
ation profiles of gynecological cancers evidenced
hypermethylation of the APC, p16, and DAPK
genes as typical markers of cervical cancer cells.
These preliminary data suggested the existence
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of a specific methylation gene silencing profile in
cervical cancer cells, able to differentiate it from
endometrial and ovarian cancer cells [31]. The
search for other epigenetic cofactors contributing
to cervical neoplasm insurgence and progression
evidenced the aberrant methylation status of two
suppressor  genes, namely BLU and
RASSFI1A. The highest levels of hypermethyl-
ation were detected in the promoter of the BLU
gene, with percentages ranging from 23% in
low-squamous intraepithelial lesion (SIL), to
57 % in high-SIL, up to 77 % in squamous cell
carcinoma (SCC). Lower percentages of methyl-
ation were found in the RASSF1A suppressor
gene, ranging from 0 % in L-SIL, to 15% in SCC,
and 18 % in H-SIL [90]. These data clearly indi-
cate the association between hypermethylation of
the BLU gene and the insurgence and progres-
sion of cervical cancer, assigning a minor role to
hypermethylation of the RASSF1 gene.

Further studies on the molecular mechanisms
involved in cervical carcinogenesis clearly evi-
denced that infection and integration of high-risk
human papilloma viruses in the host genome of
basal cell of the human cervix is insufficient for
cervical carcinogenesis, suggesting the existence
of environmental factors responsible for the epi-
genetic inactivation of tumor suppressor genes
[91]. Epigenetic alterations have been indicated
as the major factor involved in the multistep pro-
cess starting from HPV infection and ending with
the insurgence and progression of cervical can-
cer. According to this hypothesis, cervical carci-
nogenesis should be characterized by the
accumulation of epigenetic and genetic changes
in regulatory genes, ending with the inactivation
of key tumor suppressor genes by promoter
hypermethylation [91]. The study of the methyla-
tion level in a pool of DNA from in situ cervical
cancers (CIN3 lesions) using a methylation bead
array revealed significant hypermethylation in
fourteen genes: AJAP1, ADRAID, COL6A2,
EDN3, EPO, MAG12, POU4F3, PTGDR, SOX8,
SOX17, ST6GAL2, SYT9, ZNF614, and
HS3ST2. Since five of these hypermethylated
genes are implicated in beta-cathenin signaling,
these findings suggested the epigenetic dysregu-
lation in this signaling pathway during cervical
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carcinogenesis [92]. Moreover, the concurrent
hypermethylation of several genes in cervical
cancer, including in situ lesions, induced the
authors to hypothesize the existence of a specific
driver of methylation phenotype in cervical carci-
nogenesis. Epigenetic mutations have been indi-
cated as responsible for aberrant expression of
the human riboflavin transporter 2 (hRFT2) in
cervical squamous cell carcinoma, hypermethyl-
ation of two CpG sites in its promoter region
being associated with translocation of the hRFT2
protein from the cytoplasm and cell membrane
into the nucleus of tumor cells [93]. Epigenetic
silencing of the CXCR4 gene, due to hypermeth-
ylation of its promoter, has been shown to pro-
mote loss of cell adhesion in cervical cancer, a
key event in favoring invasion and metastasis
[94]. Interestingly, in the same study, treatment
of cervical cancer cell lines with a DNA hypo-
methylating drug (5-aza-2’-deoxycytidine) and a
histone deacethylase inhibitor (Trichestatin) was
able to reactivate CXCR4 transcription and pro-
tein expression, promoting tumor cell adhesion.

A recent study focused on new candidate bio-
markers associated with poor prognosis and able
to predict sensitivity to treatment of cervical can-
cer evidenced a major role for epigenetic bio-
markers in this neoplasm. In particular,
hypermethylation of the checkpoint with fork-
head and ring finger gene was indicated as a use-
ful marker for predicting sensitivity of tumor
cells to paclitaxel, whereas the hypermethylation
status of the Werner DNA helicase gene was sug-
gested as a marker indicating sensitivity of cervi-
cal cancer cells to another anticancer agent,
CPT-11 [95]. Epigenetic changes, and in particu-
lar hypermethylation of the Keap1 gene promoter,
have been found to be at the basis of the nuclear
overexpression of NRF2 in cervical cancer cells,
NRF2 immunoreactivity and Keapl negativity
being associated with more advanced cervical
cancer. Overexpression of NRF2 was associated
with increased proliferation, inhibition of apop-
tosis, and enhanced cell migration and metasta-
sis, suggesting a major role for epigenetics in
cervical cancer progression [96].

The role of epigenetics in cervical carcinogen-
esis has been recently reinforced by the report of



16

an epigenetic role of HPV on the retinoblastoma
1 (RB1) gene. HPV has been shown to inactivate
RB1 by inducing its promoter hypermethylation.
In a recent study on the association between HPV
infection and the methylation status in cervical
lesions, only cervical cancer cases presented RB1
promoter hypermethylation, the dysregulation of
the methylation status increasing with cancer
progression [97]. All these data taken together
indicate that RB1 promoter hypermethylation is a
tumor-associated epigenetic event in HPV-related
cervical cancer.

Epigenetic Mechanisms
in Endocervical Carcinogenesis

More than 30 years ago, the hypothesis that epi-
genetic mechanisms might contribute to the insur-
gence of adenocarcinoma of the endocervix was
introduced in the literature, based on the evidence
of the downregulation of lactoferrin expression
during the neoplastic transformation of the endo-
cervix [98]. A further study on the aberrant meth-
ylation status in adenocarcinoma of the endocervix
revealed the occurrence of hypermethylation of
two suppressor genes, BLU (44 %) and RASSF1A
(26 %) [90].

Microbioma and Cancer Insurgence
and Progression

The role of the intestinal microbioma in human
health and disease is becoming always more
important, starting from the perinatal period and
extending into adulthood [99]. In physiology, the
indigenous intestinal commensal bacteria are
able to modulate the expression of host genes,
and play an important role in maintaining human
homeostasis and health [100]. In recent years,
changes in the human gut microbiome have been
implicated in cancer insurgence [101]. The link-
age between the intestinal microbiome and can-
cer insurgence has been found in the modification
of dietary compounds that might influence can-
cer risk, in patients affected by pathological
changes in the composition of colonic bacteria.
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The modification of the microbial metabolism of
macronutrients by activating diverse metabolic
pathways has been shown to induce the produc-
tion of new microbial metabolites that may func-
tion as epigenetic activators/inhibitors of human
gene expression, influencing cancer risk. The
epigenetic influence of microbial metabolites
may be exerted through inhibition of enzymes
involved in epigenetic pathways, including meth-
yltransferases. The action of microbial metabo-
lites produced by a pathological microbiome may
be exerted on colon enterocytes, being the colonic
mucosa directly exposed to the toxic microbial
metabolites, but their production may also affect
risk of cancer in tissues outside the gastrointesti-
nal tract, including gynecological cancer [102].
A complex and dynamic interplay between the
composition of the gut microbiome, dietary
exposure to xenobiotics, including drugs and car-
cinogens, and the host immune system is emerg-
ing as a new fascinating field of research in
oncology. Recently, some strains of microorgan-
isms harbored in the human gut that might affect
the metabolic pathways responsible for carcino-
genesis, increasing susceptibility to develop can-
cer, have been identified [103].

The human cervicovaginal microbiome plays
a fundamental role in female reproductive health,
affecting susceptibility to many sexually trans-
mitted infections, including human paillomavirus
(HPV) [104]. Recently, a major role for vaginal
microbiome has been suggested in the persis-
tence of HPV infection and in cervical carcino-
genesis [105]. In particular, increasing vaginal
microbiome diversity associated with low levels
of Lactobacillus ssp. were associated with viral
persistence and progression of cervical
intraepithelial neoplasia (CIN) [106]. According
to these data, changes in vaginal microbiota
might represent a fundamental epigenetic event
in cervical carcinogenesis, explaining why the
vast majority (about 90 %) of HPV infections are
transient and clear within 2 years, and only a
small proportion of infected women develop CIN
and invasive cervical cancer [107, 108]. These
data taken together, studying how microbiota
may amplify cervical carcinogenesis, assigning
causal roles to specific components of the vaginal
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microbiome, represents an area of intensive interest
for exploiting a better knowledge for cervical
cancer prevention, diagnosis, and therapy [109].

Conclusions

The concept that epigenetic events can modify
gene expression is spreading, in recent years,
through the scientific community. In a modern
view of the relationship between genetics and
epigenetics, genetics might be seen as a piano, a
long one with a keyboard of 25,000 keys each
one representing one human gene, whereas epi-
genetics could be represented by the piano tuner
and by the pianist. In this example, the roles of
the pianist and of the piano tuner appear predom-
inant on the quality of the piano and of the key-
board for obtaining a good performance.
Everybody might prefer an excellent pianist play-
ing a low-quality piano than a fantastic keyboard
played by an incompetent pianist. According to a
modern view of health and disease, genetics (our
keyboard) should be considered as a good or bad
predisposition to health or to a disease status,
whereas epigenetics (the environment, our life
style, our microbiome) should be seen as the
most important factors responsible for the real-
ization of the health status or for our susceptibil-
ity to develop a disease.

In the balance between genetics and epi-
genetics in oncology, accumulating evidences
suggest that much of the risk of cancer insur-
gence and progression is highly influenced by the
environment and lifestyle, the epigenome serving
as the interface between the genome and the envi-
ronment [110]. All data here reported lay stress
on a major role played by environmental (includ-
ing changes in microbioma) epigenetic mecha-
nisms of gene regulation not only in normal
cellular function, but even in disease and in par-
ticular in human carcinogenesis.

The better comprehension of epigenetic factors
involved in gynecological carcinogenesis reached
in recent years is shedding light on the several
aspects of the mechanisms of gynecological cancer
insurgence and progression that remained unclear
for many years, given that genetic variations and
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mutations of cancer-related genes did not provide
a complete explanation of the several steps of
tumor insurgence and progression in the vast
majority of patients [111]. Hypermethylation of
the promoter region of tumor suppressor genes
and hypomethylation of oncogenes appear, at the
best of our actual knowledge, as the most impor-
tant epigenetic molecular mechanism involved in
gynecological carcinogenesis. A better definition
of the potential role of DNA methylation/demeth-
ylation in different types of gynecological cancer
might represent the basis for utilizing the epigen-
etic profile of a single tumor entity for developing
a tailored therapeutic approach in oncology [31].

One of the most intriguing findings emerging
from the analysis of the epigenetic events
reported in gynecological tumors is that epigen-
etic changes are different in different organs and
the epigenetic profile differs from one tumor type
to the next, hypermethylation of specific tumor
suppressor genes representing a hallmark of
many gynecological cancers. These findings lead
to some considerations regarding both the patho-
genesis and the future therapy of gynecological
tumors. The finding of peculiar epigenetic pro-
files clearly indicates different pathogenetic
mechanisms acting in endometrial, cervical, and
ovarian tumors. Moreover, recent data show that
even among neoplasms originating from the
same tissue, the definition of the epigenetic pro-
file may be able to differentiate multiple tumor
subtypes. These data lead to hypothesize the use
of epigenetic markers for a better new classifica-
tion of endometrial, cervical, and ovarian can-
cers, allowing a new sartorial approach to cancer
management based on the epigenetic profile of
each single gynecological tumor [31].

The second consideration regards the use of
the epigenetic profile for the development of a
new sartorial and individualized cancer therapy,
mainly based on targeting the aberrant hyper- or
hypomethylation of target genes. This approach
appears promising, in our opinion, since epigen-
etic changes are reversible. According to the
example of the piano and the pianist, the epigen-
etic approach is based on changing the pianist,
i.e. the hyper- or hypomethylation status of target
genes appears much more promising than the
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previous ones based on modifying the piano,
i.e. the genetic changes accumulating in tumor
cells. Further attempts to use methylation inhibi-
tors as anticancer agents and epigenetic abnor-
malities may be useful as biomarkers of
anticancer drug sensitivity and to identify bio-
logical characteristics of tumor cells for determi-
nation of treatment options based on the
restoration of physiological levels of methylation
in tumor cells [46]. With the goal of improved
diagnosis and treatment based on control of the
epigenetic changes of cancer cells and, in partic-
ular of the abnormal methylation status of onco-
genes and of tumor suppressor genes.
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Ang Sun

Abstract

Aberrant epigenetic changes have been reported in gynecological cancers
and contribute to the tumorigenesis. Patients with the same type of cancer
may carry different epigenetic defects. In fact, each tumor harbors a different
set of epigenetic changes, demonstrating a heteroepigeneity among the
tumors. The patients may respond differently to the same treatment due to the
differences in epigenetic alterations they’re harboring. Epigenetic changes
are associated with loss of drug sensitivity and contribute to drug-resistance
development. Pharmacoepigenomics include two aspects. One that has been
emphasized previously is the interindividual differences at epigenome level
that lead to different responses to the same drug. Another aspect that should
not be overlooked is the effect of a treatment on the epigenome of patients.
The emerging epigenetic therapies alone or in combination with chemother-
apy or radiotherapy change the epigenome of patients, which in turn change
the response of the patients to the drugs. Although currently most of the stud-
ies use loci-specific biomarkers to reflect epigenome changes, the advance-
ment of next-generation sequencing will make more and more studies directly
demonstrate the changes at the epigenome level. It is worth to notice that
epigenetic therapy is still at its infancy. Lacking of specific targeting to
reverse the epigenetic changes raise concerns of pharmacovigilance or drug
safety. In this chapter, I focus on ovarian cancer, cervical cancer, and uterine
cancer to discuss the pharmacoepigenomics and pharmacovigilance. For
ovarian cancer, I emphasize that epigenetic alterations in patients cause che-
moresistance acquisition and cancer recurrence, however, epigenetic thera-
pies change the epigenome of cancer cells to resensitize them to chemotherapy.
As for cervical cancer, the combination epigenetic therapies using both DNA
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methyltransferase (DNMT) inhibitors (DNMTIs) and histone deacetylase
(HDAC) inhibitors (HDACIs) are emphasized. Regarding uterine cancer,
application of epigenetic therapy to revive the hormonal therapy is

discussed.
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I. Gynecological Cancers,
Pharmacoepigenomics,
and Pharmacovigilance

Gynecological cancers are cancers that arise in a
woman’s reproductive system. Besides the rare
fallopian tube cancer, there are primarily five
types of gynecological cancers, including ovar-
ian cancer, cervical cancer, uterine cancer, vagi-
nal cancer, and vulvar cancer.

Even patients with the same type of gyneco-
logical cancer may respond to drug treatments
differently. It is defined previously that the influ-
ence of interindividual epigenomic polymor-
phisms on drug response is pharmacoepigenomics
[1]. In fact, pharmacoepigenomics should be
defined to involve the studies of two aspects: one
is drug treatments induce different epigenetic
changes genome-wide in the patients, and the
other is patients with various epigenomic back-
grounds response to the drugs differently.
Although the latter has attracted more efforts,
more and more studies of the first aspect would
emerge along the booming of the next generation
sequencing. These two aspects of pharmacoepig-
enomics are actually intertwined. On the one
hand, the effects of a drug on a patient’s epig-
enome also depends on the existing epigenetic
modifications in the patient; on the other hand,
the epigenome contributing to the different
responses to drugs can be affected by drug treat-
ments, in particular the epigenetic therapeutics.

The epigenomic changes, besides the expression
changes regulated by microRNA, mainly refer to
the global changes of DNA methylation, or his-
tone modifications primarily including histone

phosphorylation, methylation, and acetylation.
Different epigenomic backgrounds, such as differ-
ent DNA methylation at genome-wide level
(methylome) and at specific loci in the genome,
have been shown to be associated with or even
responsible for drug resistance in gynecological
cancer cells as discussed in detail later.

When talking about treating gynecological
cancers, we cannot get around pharmacovigi-
lance, which refers to drug safety and is a major
concern for drug development. In the process of
drug development, preclinical trials using rodents
and non-rodent animals, clinical trials I and II,
and even post-market clinical trials all involve
pharmacovigilance studies. It is one of the two
most important aspects affect the decision of the
regulatory agencies when the approval of a new
drug is in concern.

Il. Pharmacoepigenomics
and Pharmacovigilance in Ovarian
Cancer

Ovarian Cancer and Its Key Statistics

Ovarian cancer is the uncontrolled growth of malig-
nant cells that originally arises in the ovaries. There
are a few different types of ovarian cancer, includ-
ing epithelial ovarian cancer (EOC), germ cell car-
cinoma, stromal carcinoma, and small cell
carcinoma of the ovary (SCCO). EOC accounts
about 90% of all the ovarian cancer cases.
According to American Cancer Society, in the USA
in 2015, it estimates there are 21,290 newly diag-
nosed cases of ovarian cancer, and 14,180 women
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die from it. It accounts for 1.3% of new cancer
cases, but 2.4 % of all cancer deaths. It causes more
deaths than any other gynecological cancers [2, 3].
It is the fifth most leading cause of cancer death in
women, although it is only the eighth most common
cancer among women. In the past two decades, the
diagnosed rate of ovarian cancer has been slowly
falling; however, during a woman’s lifetime, her
risk of getting ovarian cancer is still about 1 in 75,
and risk of dying from ovarian cancer is one in 100
[4-6]. Based on the data in the SEER (Surveillance,
Epigemiology, and End Results) Cancer Statistics
Factsheets, the 5-year survival rate is 45.6% for
ovarian cancer patients [7].

More than 90 % of EOC are clonal progenies of
a single cell. There are about 10 % of ovarian can-
cer patients are familial and predisposed with
germ-line mutations in BRCA1 (breast cancer
susceptibility gene 1), BRCA2 (breast cancer sus-
ceptibility gene 2), mismatch repair genes, or p53.
In sporadic ovarian cancers, somatic mutations
have been found activating oncogenes or resulting
in loss of tumor suppressor gene function [8].

Pharmacoepigenomics in Ovarian
Cancer

Different Epigenetic Changes

Contribute to Tumorigenesis

of Ovarian Cancer

As many other cancers, ovarian cancer is also
heterogeneous. Tumors from different patients or
even from the same patient harbor different
genetic mutations. In fact, tumors are also hetero-
epigeneous, meaning they are different in terms
of their epigenome. Many different epigenetic
changes, including aberrant DNA methylation of
gene promoters, histone modifications, and
miRNA activities, contribute to the transforma-
tion of the ovarian epithelium and tumorigenesis
of ovarian cancer [8, 9].

Tumor Suppressors can be Silenced by
Promoter DNA Methylation, Histone
Modification, and miRNA Activity

In ovarian cancer, it has been observed that there
are specific CpG islands hypermethylation

within the promoter regions of some tumor sup-
pressor genes to inactivate their expression [10,
11]. High frequency of de novo promoter meth-
ylation in hMLH1 (human MutL homologue-1),
CDKN2A (cyclin-dependent kinase inhibitor
2A), and MGMT (O-6-methylguanine-DNA
methyltransferase) was detected by methylation-
specific polymerase chain reaction (MSP) assay
on bisulfite-converted DNA from 18 primary
ovarian carcinomas [12]. PTEN haploinsuffi-
ciency caused by epigenetic events may possibly
contribute to development of some histological
types of ovarian cancer and may be an adverse
prognostic factor [13]. Secreted protein acidic
and rich in cysteine (SPARC) promoter is meth-
ylated in 68 % of primary ovarian tumors, which
downregulates the level of SPARC protein and
promotes the progress of cancer [14].
Argininosuccinate synthetase 1 (ASS1) gene
expression may be lost due to epigenetic silenc-
ing of its promoter and has been associated with
relapse of ovarian cancer [15, 16]. ZAC is an
imprinted gene that only paternally expressed.
Epigenetic silencing of this gene by DNA meth-
ylation has been reported as an early event in the
progression of human ovarian cancer [17].
Another tumor suppressor has been observed
being epigenetically silenced via DNA hyper-
methylation in ovarian cancer is retinoic acid
receptor-beta2 (RAR-p2) [18]. In addition, the
promoter of XPG gene, which is a nucleotide
excision repair (NER) gene, has been reported
being methylated in a significant proportion of
ovarian tumors [19].

As aforementioned, there are about 10% of
EOC are familiar. These hereditary ovarian cancer
cases are primarily due to germ line mutations in
the BRCAT1 tumor suppressor gene. Mutations in
BRCA1 predispose women to EOC [20, 21].
Besides genetic mutations, BRCAT1 can also lose
function due to epigenetic inactivation, which has
been reported in sporadic ovarian cancer [21, 22].

The gene coding for mitochondrial Hinge pro-
tein, the ubiquinol-cytochrome C reductase hinge
gene (UQCRH) was reported epigenetically inacti-
vated in two ovarian cell lines. Demethylating agent
5-azacytidine (AZA) was able to restore UQCRH
expression in OAW42 ovarian cancer cells [23].
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Moreover, methylation of four tumor suppressor
genes (MINT31, HIC1, RASSF1, and CABIN1)
has been reported in ovarian cancer. The silenc-
ing of these genes is significantly associated with
ovarian cancer development. Aberrant methyla-
tion of three genes (MINT31, RASSFI, and
CDH13) upregulated Her-2/neu expression [24].

However, promoter methylation analysis
showed silencing of the transforming growth
factor-beta (TGFp) signaling component km23
through promoter hypermethylation is rare in
ovarian cancer [25].

Table 2.1 lists genes that can be silenced by
promoter DNA hypermethylation in ovarian can-
cer. It includes some genes conveying chemore-
sistance by epigenetically silencing and will be
discussed in details later.

Table 2.1 List of genes that can be silenced in ovarian
cancer by promoter DNA methylation

Gene name Reference
hMLH1 [12]
CDKN2A [12]
MGMT [12]
PTEN [13]
SPARC [14]
ASS1 [15, 16]
BRCAI [21, 22]
UQCRH [23]
ZAC [17]
RAR-p2 [18]
MINT31 [24]
HIC1 [24]
RASSF1 [24, 41]
CABINI1 [24]
XPG [19]
ARHI [38, 42]
ZIC1 [49]
ZIC4 [49]
HSulf-1 [68, 69]
annexin A1l [70]
Plk2 [74]
GREBI1 [77]
TGIF [77]
TOB1 [77]
BLU (ZMYND10) [51]
TIMP3 [53]
CDH1 [53]
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In addition to DNA methylation, histone
methylation can also play critical roles in many
neoplastic processes, including silencing of
tumor suppressor genes. For instance, histone
methylation of H3K9 and H3K27 has been linked
to aberrant gene silencing in cancer cells. In ovar-
ian cancer cells, RASSF1 (Ras-associated
domain family 1) was shown to be a direct target
of H3K27 methylation-mediated silencing. Loss
of methylation at H3K27 increased expression of
tumor suppressor genes and resensitized drug-
resistant ovarian cancer cells to the chemothera-
peutic agent cisplatin [26].

The microRNAs (miRNAs) are a class of non-
coding RNAs that posttranscriptionally, and thus
epigenetically, inhibit gene expression. The miR-
NAs themselves can be epigenetically regulated
as well [27-29]. One example is the miR-193a
can target c-KIT mRNA for degradation and thus
may play a crucial role in ovarian cancer devel-
opment [30].

Aberrant Promoter DNA Hypomethylation
and Histone Acetylation Activate

Oncogenes and Contribute to Ovarian
Cancer Tumorigenesis

Although most of the efforts have focused on
the epigenetic inactivation of tumor suppressor
genes during tumorigenesis [11], there are
reports about the epigenetic activation of can-
cer-associated genes by DNA hypomethylation
and through the loss of repressive histone modi-
fications [31].

Similar to many other cancers, ovarian cancer
has an overall global decrease in DNA methyla-
tion of heterochromatin leading to demethylation
of some oncogenes [11]. Comparing with the
wild-type SK-OV-3 cells, aberrant hypomethyl-
ation of interferon-induced transmembrane
protein 1 (IFITM1) promoter was observed in
metastatic implants of human ovarian carcinoma
xenografts in mice. Demethylating agent
5-aza-2’'-deoxycytidine (DAC), an inhibitor of
DNMTs, enhanced IFITM1 expression in a
dose-dependent manner. IFITM1 overexpression
caused increased migration and invasiveness in
SK-OV-3 cells [3]. Another example is, TMPRSS3
gene variants A and D (TMPRSS3-A/D) were
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significantly hypomethylated in high-grade serous
EOC tumors, compared with low-grade tumors
and normal tissue, suggesting the frequently
observed upregulation of different members of
the type II serine proteases gene family in
advanced cancer could be due to aberrant DNA
hypomethylation [32].

Besides being affected by DNA hypomethyl-
ation alone, the expression of some putative
oncogenes is regulated by both DNA hypometh-
ylation and histone modifications. CLDN4, a
gene encoding claudin-4, which is a member of
a large family of tight junction proteins, is over-
expressed in ovarian cancer. Ovarian cancer cells
overexpressing CLDN4 exhibit low DNA meth-
ylation and high histone H3 acetylation of the
critical CLDN4 promoter region. The CLDN4-
negative cells can be induced to express CLDN4
by demethylating and/or acetylating agents [33].
In addition, in ovarian cancer, the expression of
the cell surface marker CD133, which identifies
cancer-initiating cells in EOC and attributes to
cancer recurrence, is also directly regulated by
both histone modifications and promoter DNA
methylation. Sorted CDI133—negative cancer
cells treated with DNMT and HDAC inhibitors
show a synergistic increase in cell surface
CD133 expression [34].

Different Aberrant Signaling Pathways

and Cellular Processes in Ovarian Cancer

Can Be Disrupted by Epigenetic Changes
Different ovarian cancers exhibit aberrant auto-
crine and/or paracrine growth regulation with
alteration in the expression of growth factors and
their receptors [8]. Human epidermal growth fac-
tor receptor (EGFR) family, poly(ADP-ribose)
polymerase (PARP), and mammalian target of
rapamycin (mTOR) signaling pathway, are aber-
rant in ovarian cancer tissues [35].

EGEFR pathway can be abnormally activated in
ovarian cancer [36, 37]. Ras signaling down-
stream EGFR regulates DNA methylation [37,
38]. EGFR inhibitor PD153035 has been shown
be able to stimulate expression of RAR-f, which
was epigenetically silenced via DNA hypermeth-
ylation in OVCAR-3 ovarian carcinoma cells
[18]. Another EGFR inhibitor, erlotinib, has been

used together with a DNMT inhibitor in a phase I
clinical trial [39].

Members of Ras signaling may also be dis-
rupted by epigenetic changes, for example,
RASSF1A (Ras-associated domain family 1A)
[24, 26, 40, 41]. Another member in the Ras
superfamily, ARHI (Ras homologue member I) is
one of the first reported tumor suppressors. It is
expressed consistently in normal ovarian epithe-
lial cells, but dramatically downregulated in more
than 70 % of ovarian cancers. ARHI is maternally
imprinted in the maternal allele of normal cells
[38, 42]. Loss of ARHI expression can occur
through epigenetic mechanisms. It has been
reported that acetylation and methylation of chro-
matin associated with the ARHI promoter leads to
loss of both ARHI expression and the ability to
suppress tumor growth. Reactivation of both the
silenced paternal and imprinted maternal alleles
can be achieved by demethylation and inhibition
of histone deacetylation [42]. Epigenetic therapy
targeting imprinted ARHI has been reported in
ovarian cancer [38].

PARP (poly(ADP-ribose) polymerase) inhibi-
tors are mainly used in ovarian cancer suscepti-
bility gene-mutated patients [35]. Epigenetic
losses of BRCA1/2 and PTEN in ovarian cancer
have been reported being used to predict sensitiv-
ity to PARP inhibitors [36].

For ovarian cancer, epigenetic alterations
could affect the activation of PI3K/AKT/mTOR
pathway [43]. mTOR inhibitors are also attrac-
tive treatments, either alone or in combination
with chemotherapy [35].

Epigenetic mechanisms play a key role in
epithelial-to-mesenchymal transition (EMT), a
key step in the process of metastasis. In ovarian
cancer, disruption of TGF-B/SMAD signaling
may lead to epigenetic silencing of its target
genes through histone modifications or pro-
moter hypermethylation [44]. TGF-f induces
expression of DNMT-1, -3A, and -3B, and
global changes in DNA methylation during the
EMT in ovarian cancer cells. Treatment with the
DNMT inhibitor SGI-110 prevented TGF-p-
induced EMT [45]. Epigenetic drugs also regu-
late EMT to potentiate the efficacy of low-dose
cisplatin [46].
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Reactive oxygen species (ROS) induced by
live-attenuated measles virus (MV) vaccine in
ovarian cancer may upregulate DNMT3a and
thus epigenetically silence E-cadherin [47].

Ubiquitination and protein degradation can
also be affected by epigenetic changes. PDLIM?2
is critical to promote ubiquitination of nuclear
p65. It has been reported that PDLIM? is epige-
netically repressed in ovarian cancer. Epigenetic
repression of PDLIM?2 promoted ovarian cancer
growth both in vivo and in vitro via NOS2-
derived nitric oxide signaling [48].

In addition, members of sonic hedgehog
pathway, ZIC1 and ZIC4, which are putative
tumor suppressors, may be herpermethylated
and silenced in ovarian tumors and ovarian can-
cer cell lines [49].

Moreover, epigenetic dysregulations of genes
have been reported interfered p53 signaling in
ovarian cancer and contributed to the failure of
phase II/III trial of p53 gene-therapy [50].

Many other pathways or cellular processes
can be regulated by epigenetic changes as well.
For example, CLDN4 involved in tight junction
[33], ubiquinol-cytochrome C reductase hinge
gene (UQCRH) that encodes a mitochondrial
Hinge protein [23], cancer stem cell/initiating
cell surface marker CD133 [34], and recruitment
of CD8+ T-cell in early stage ovarian cancer [34].

The epigenetic regulation of apoptosis [51,
52] and angiogenesis [53] will be discussed later
in the section for chemoresistance.

In summary, as discussed above, a variety of
epigenetic changes both at genome-wide level and
at specific loci have been reported. These DNA
hypermethylation and hypomethylation, histone
acetylation and deacetylation, histone methyla-
tion, and miRNA activity, either activating onco-
genes or inactivating tumor suppressor genes,
contribute to the tumorigenesis and development
of ovarian cancer. Not all of these epigenetic
changes affect expression of tumor suppressor
genes or oncogenes in all the ovarian tumors. Each
tumor has its own set of aberrant epigenetic modi-
fications and is epigenomically different from
other tumors, showcasing an interindividual dif-
ference and a populational heteroepigeneity. These
aberrant epigenetic changes disrupt the function of
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different genes and pathways in different patients,
make a patient would respond to some drugs or
treatments, but not others. This lays the logic
foundation to further explore the pharmacoepig-
enomics, which in turn would be important for
treating patients with ovarian cancer with person-
alized medicine.

As it has been discussed before, ovarian can-
cer is the most lethal gynecological cancer. The
high mortality rate is resulted from lacking of
early diagnosis, as well as the eventual develop-
ment of chemoresistance and the unfortunate
recurrence of the cancer. Many epigenetic
changes are not only involved in the tumorigen-
esis and development of the ovarian cancer, thus
establishing the interindividual epigenomic vari-
ances, an important part of the pharmacoepig-
enomics, but also contribute to the
chemoresistance development. As different ovar-
ian cancer patients may have different epigenetic
modifications attributing to chemoresistance,
interindividual epigenomic variances certainly
play roles in the chemoresistance.

The Aberrant Epigenetic Changes
Contribute to Chemoresistance

of Ovarian Cancer

Currently, surgical tumor debulking, followed by
taxane (paclitaxel or docetaxel) and platinum
(cisplatin or carboplatin) chemotherapy is the
standard treatment used in the treatment of ovar-
ian cancer [21]. As aforementioned, the mortality
rate of ovarian cancer patients is high. The low
5-year survival rate is partially due to the even-
tual development of drug resistance and recur-
rence, despite the initial response to therapy is
high [4, 21, 35, 54-56].

Epigenetic Markers Are Important for Early
Detection and Predict Therapy-Response

The 5-year survival rate is strongly related to the
diagnosed stage of the ovarian cancer. Patients
diagnosed at early stage has a 90 % 5-year sur-
vival rate comparing with the 30 % 5-year sur-
vival rate for patients diagnosed with cancer
metastasized into the peritoneal cavity [5].
Unfortunately, most ovarian cancer patients are
diagnosed at the advanced-stage of the disease,
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because of few early symptoms and a lack of
early detection strategies [3, 56, 57]. There are
only a small number of distinct genetic muta-
tions, such as mutations in BRAC1 and BRAC?2,
are known to contribute to ovarian carcinogenesis
[20-22, 58-60]. Cancer-specific DNA methyla-
tion changes, may be exploreded to identify
epigenetic-(in)activation-associated downregu-
lated or upregulated genes as biomarkers or even
signatures for ovarian cancer to improve early-
stage diagnosis and better predict prognosis [5,
57, 61].

Besides DNA hypermethylation, DNA hypo-
methylation of promoter of oncogenes can be
used as biomarkers as well. For example, DNA
hypomethylation within the IFITM1 promoter
region could be a biomarker indicating metastatic
progression in ovarian cancer [3].

Additionally, MSI (microsatellite instability).
which may be resulted from epigenetic inactiva-
tion of DNA mismatch repair genes, could be a
biomarker for good prognosis after some chemo-
therapeutic treatments. For example, it has been
reported that the majority of MSI-positive ovar-
ian cell lines are hypersensitive to bleomycin, a
DNA double-strand-break (DSB) producing
chemotherapeutic drug [62].

In addition to examining the DNA methyla-
tion of specific genes, people have also performed
genome-wide methylation detection arrays and
high-throughput sequencing, which have pro-
vided profound information regarding ovarian
cancer-specific methylation that may serve as
biomarkers for diagnosis or prognosis [63].

Potential biomarkers, including miRNAs, which
may predict prognosis, are listed in Table 2.2.

Table 2.2 Potential epigenetic markers in ovarian cancer for therapy response

Biomarker
IFITM1 promoter
BRACI promoter
XPG promoter
HSulf-1 promoter
annexin A1l promoter
CABIN1 promoter
RASSF1 promoter
ASS1 promoter
LINE1

Plk2 promoter
6p21.3 in the R class
GREB1

TGIF

TOBI

TMCOS5

PTPRN

GUCY2C

hMLHI1 promoter
BLU promoter
TIMP3 promoter

CDH1 promoter

Low level of miR-130b

High level of miR-152

High level of miR-185

Low level of miR-199b-5p

High level of miR-370

MSI or mismatch mutator phenotype

Epigenetic change Prognosis Reference
DNA hypomethylation Poor [3]
DNA hypermethylation Good [21, 59, 60, 67]
DNA hypermethylation Poor [19]
DNA hypermethylation Poor [68, 69]
DNA hypermethylation Poor [70]
DNA hypermethylation Poor [24]
DNA hypermethylation Poor [24, 41]
DNA hypermethylation Poor [15, 16]
DNA hypomethylation Poor [73]
DNA hypermethylation Poor [74]
DNA hypomethylation Good [80]
DNA hypomethylation Good [77]
DNA hypomethylation Good [77]
DNA hypomethylation Good [77]
DNA hypermethylation Good [77]
DNA hypermethylation Good [77]
DNA hypermethylation Good [77]
DNA hypermethylation Poor [12, 78]
DNA hypermethylation Poor [51]
DNA hypermethylation and repressive Poor [53]
histone methylation
DNA hypermethylation and repressive | Poor [53]
histone methylation
Possible DNA hypermethylation Poor [27]
Good [83]
Good [83]
DNA hypermethylation Poor [28]
Good [85]
Good [62]
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The Drug Resistance May

Be Due to Epigenetic Modifications

Drug resistance may result from genetic changes.
For example, it has been reported that ovarian
tumor cell lines that retain RASSF1A expression
commonly harbor polymorphisms in the region of
Ser131, while the S131F polymorphism conveys
resistance to DNA-damaging agents [40, 64].

Besides genetic mutations, drug resistance is
contributed to by the epigenetic changes, includ-
ing aberrant DNA methylation, atypical histone
modifications and dysregulated expression of
distinct microRNAs [4, 54, 65, 66].
Pharmacoepigenomic modulators of genes and
pathways, such as promoter methylation (MLH1
and BRCA1 genes) and miRNA regulation
(PTEN/AKT and NF-kappaB pathways) have
been associated with ovarian cancer chemore-
sponse [1].

It has been reported the downregulated expres-
sion of XPG due to the promoter hypermethylation
contributes to the drug resistance to nemorubicin, a
doxorubicin derivative, and could affect the
response to therapy using platinum [19].

BRCA1 deficiency predicts enhanced
response to platinum [21, 59, 67]. It also has been
reported that in both cancer cell lines and xeno-
grafted tumors, hypermethylation of BRCAI
CpG island promoter silences BRCA1 and
enhances sensitivity to platinum-derived drugs to
the same extent as BRCA1 mutations. Epigenetic
inactivation of BRCA1 proves to be a predictor
of longer time to relapse and improved overall
survival in ovarian cancer patients undergoing
chemotherapy with cisplatin [59, 60]. More inter-
estingly, in both human and murine models of
BRCA1-associated ovarian carcinoma, BRCA1-
deficient ovarian carcinoma cells exhibit hyper-
methylation within a p73 regulatory region, which
abrogates the binding of a p73 transcriptional
repressor, ZEB1, and thus increases the expres-
sion of transactivating p73 isoforms (TAp73).
This helps to explain the mechanism why
BRCAI-deficient ovarian carcinoma cells are
sensitive to platinum therapy [67].

It has been observed that HSulf-1 expression
is downregulated in ovarian cancer, which is
partly mediated by epigenetic silencing and can
be reversed by DAC treatment. The downregula-
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tion of HSulf-1 expression in OV167 and OV202
ovarian cancer cells leads to decreased response
to cisplatin [68, 69]. Epigenetic silencing of
annexin A11, CABINI1, and RASSF1 in ovar-
ian cancer has been linked to chemoresistance
[24, 70]. Platinum sensitive primary ovarian
cancer is characterized by ASS1 overexpression.
Downregulation of ASS1 by epigenetic silenc-
ing has been associated with the development of
platinum-based chemoresistance in ovarian can-
cer [15, 16]. Overexpression of Enhancer of
Zeste Homologue 2 (EZH2), a specific histone 3
lysine 27 (H3K27) methyltransferase has been
associated with other cancer [71]. In ovarian
cancer cells both in vitro and in tumor xenograft
implants, it contributes to acquired cisplatin
resistance [72].

LINEl DNA hypomethylation has been
reported as a prognostic factor for both overall
and progression-free survival in mucinous ovar-
ian cancers [73]. Polo-like kinase (Plk2) pro-
moter methylation was associated with
drug-resistant human EOC cell lines and a higher
risk of relapse in patients treated postoperatively
with carboplatin and paclitaxel [74].

There is evidence showing that intercellular
adhesion molecule (ICAM)-1, which is epige-
netically silenced in ovarian cancer, is associated
with cisplatin sensitivity [75]. It also has been
proposed that epigenetic changes may precede
the increased expression and amplification of
mdrl (the multidrug resistance locus) sequences
found in multidrug-resistant ovarian carcinoma
cells [76].

Besides the study at specific loci, a genome-
wide study performed on twenty advanced ovar-
ian cancer samples by using Illumina
HumanMethylation27 BeadChip revealed longer
survival was associated with hypomethylation in
some genes (e.g., GREB1, TGIF, and TOB1)
and hypermethylation in some other genes (e.g.,
TMCOS, PTPRN, and GUCY2C) [77].

A very interesting example of pharmacoepig-
enomics in ovarian cancer, which shows the two
aspects of pharmacoepigenomics study, is the
methylation of the DNA mismatch repair (MMR)
gene hMLHI1. As aforementioned, high frequency
of de novo promoter methylation in hMLH1 was
detected by MSP in primary ovarian carcinoma
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[12]. A study revealed that hMLHI1 has a direct
role in conferring cisplatin sensitivity when rein-
troduced into cells in vitro [78]. While this can be
interpreted as how the interindividual epigenetic
difference causes different responses to the same
drug, another study is on the other hand demon-
strating how the same drug treatment causes dif-
ferent epigenetic changes in patients: after
chemotherapy, plasma DNA from patients with
ovarian cancer showed acquisition of methylation
of hMLHI1. This acquisition of methylation of
hMLH1 associated with poor prognosis [79].

Patients with different epigenomic modifica-
tions respond to the same treatment differently.
Different sensitivities to the same chemotherapy
may be resulted from specific epigenetic modifica-
tions affecting certain signaling pathways, for
instance, the apoptosis cascade, which is critical to
cancer cell survival. An example is BLU
(ZMYND10) could upregulate the expression of
BAX and enhance the effect of paclitaxel-induced
apoptosis in ovarian cancer cells. Methylation of
BLU disrupted the apoptosis and confers chemo-
resistance to ovarian cancer cells resulted in sig-
nificantly shorter progression-free survival in
patients [51]. The study of the docking protein 2
(DOK?2), an adapter protein downstream of tyro-
sine kinase, is another example for how epigenetic
deregulation of genes target chemotherapeutics-
induced apoptosis and resulte in chemoresistance
in ovarian cancer. DOK?2 was identified by analyz-
ing epigenomes of 45 ovarian samples. Loss of
DOK?2 decreased the level of apoptosis in response
to carboplatin [52].

Besides genes affecting apoptosis, the ones
related to angiogenesis can be epigenetically regu-
lated and thus affect the recurrence of ovarian can-
cer as well. For example, it has been shown in both
cultured ovarian cells and xenografts, the expres-
sion of the antiangiogenic genes TIMP3 and
CDHI1 (cadherin 1) can be regulated by promoter
DNA methylation and histone methylation [53].

Genes in immune-related pathways can also be
regulated epigenetically and therefore affect the
prognosis. An example is hypomethylation of
CpGs located in 6p21.3 in the R class is associated
with cis upregulation of genes (TAP1, PSMBS,
PSMB9, HLA-DQB1, HLA-DQB2, HLA-DMA,

and HLA-DOA) enriched in immune response
processes and with longer time to recurrence of
high-grade serous epithelial ovarian cancer [80].

Developing a method using epigenetic fea-
tures of ovarian cancer to predict platinum-free
survival has been attempted [81]. By employing
microarray, people have evaluated the predisposi-
tion of drug response by aberrant methylation in
ovarian cancer. Consistent with many other stud-
ies have been discussed in this chapter earlier, the
result from this microarray study indicates that
the hypermethylation-induced loss of gene activ-
ity confers a predisposition in certain cancer
types and is an early event in disease progression.
Methylation profiles of ovarian cancer might be
useful for early cancer detection and prediction
of chemotherapy outcome in a clinical context
[82].

In addition to DNA methylation and histone
modification, the miRNAs have been reported
associated with acquired chemoresistance in
ovarian cancer [27, 28, 83-85]. Partially by tar-
geting the 3’-UTR of CSF-1, downregulation of
miR-130b, possibly through DNA methylation,
promotes the development of multidrug resistant
ovarian cancer [27]. The miR-152 and miR-185
have been reported to be able to target DNMTI1
directly and thus co-contribute to ovarian cancer
cells cisplatin sensitivity [83]. Another study
shows that epigenetic silencing of miR-199b-5p
is associated with acquired chemoresistance via
activation of JAG1-Notchl signaling in ovarian
cancer [28]. By directly and negatively regulat-
ing Endoglin (ENG), miR-370 suppresses prolif-
eration and promotes endometrioid ovarian
cancer chemosensitivity to cDDP [85]. The miR-
NAs could be further explored as biomarkers of
response and survival to therapy in ovarian
cancer [84].

Of course, further studies are needed to clarify
some controversies. For example, as it has been
discussed earlier that, after chemotherapy, acqui-
sition of methylation of hMLH1 was found in
plasma DNA in patients with ovarian cancer [79];
however, in another study chemotherapy did not
change promoter DNA methylation of MLH1, or
another two genes: BRACI and FANCFE. The
researchers conducted the later study suggested
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that recurrent ovarian carcinomas commonly
with increased BRCA1 and/or BRCA2 protein
expression post chemotherapy exposure, which
in turn could mediate resistance to platinum
based therapies; however, alterations in expres-
sion of these proteins after chemotherapy are not
commonly mediated by promoter methylation,
and other regulatory mechanisms are likely to
contribute to these alterations [86].

Epigenetic Therapy Is a Promising
Therapeutic Strategy for Treating

Ovarian Cancers, in Particular,

for Resensitizing Chemoresistant

Ovarian Cancers

The preponderance evidence discussed above,
supports aberrant epigenetic changes contribute
to chemoresistance and recurrence of ovarian
cancer. In contrast to genetic alterations, aberrant
gene-repressive epigenetic modifications are
more “plastic” and thus are potentially reversible
by epigenetic therapies [11, 56, 87]. Therefore,
using epigenetic therapies to reverse the aberrant
epigenetic changes and resensitize chemoresis-
tant ovarian cancers is emerging as a promising
therapeutic strategy [58, 88].

Small interfering RNA (siRNA) has been
explored as a tool to reactivate silenced tumor sup-
pressor genes by using DNMTs targeting siRNAs
to induce DNA hypomethylation [10]. A high
level of YIN YANG 1 (YY1) enhanced taxane
sensitivity in ovarian cancer [89].

Histone Deacetylase (HDAC) Inhibitor
Treatment

It has been reported that, in a variety of ovarian
cancer cell lines, HDAC inhibitors (HDACIs)
were able to inhibit cell growth, arrest cell cycle
progression, induce apoptosis, and inhibit the
expression of genes related to the malignancy
[90]. In human ovarian carcinoma cells, treat-
ments of HDACIs were able to induce the acety-
lation of the p21(WAF1) gene chromatin and
increased the p21 in a dose-dependent manner in
2008/C13 cells [90, 91]. In xenograft models,
some of HDACIs have demonstrated antitumor
activity with few side effects. Some clinical trials

A.Sun

indicate that HDACI are new mechanism-based
therapeutics for ovarian cancer [90].

Class I HDAC-biased HDACIs have shown
potent antitumor effects in preclinical models
and therapeutic potential for ovarian cancer
cells [2]. Preclinical studies show that class I
biased HDAC inhibitor, romidepsin (FK228)
and its two analogues, thailandepsin A (TDP-
A) and thailandepsin B (TDP-B), induce DNA
damage response, suppress cell viability, and
induce apoptosis at nanomolar drug concentra-
tions in four out of the five ovarian cancer cell
lines [92].

Sorafenib, a multiple kinase inhibitor, has also
been shown be able to alter the histone acetyla-
tion pattern. Clinical I, II, III trials using this drug
have been conducted in ovarian cancer either
alone or in combination with other chemothera-
peutics. Although complete response was rarely
observed, it has been proposed that due to clear
cell ovarian cancer has different molecular char-
acteristics from other ovarian cancers and is less
sensitive to standard chemotherapy, sorafenib
might work particularly well in treating clear cell
ovarian cancer [6].

DNA Demethylating Treatments

DNA methylation within CpG islands of the pro-
moters of tumor suppressor genes plays a crucial
role in drug-resistance development in ovarian
cancers.

Demethylating agent zebularine [1-(beta-D-
ribofuranosyl)-1,2-dihydropyrimidin-2-one] and
DAC were used to treat ovarian cancer cell lines
Hey, A2780, and the cisplatin-resistant A2780/
CP. Zebularine significantly induced demethyl-
ation of the tumor suppressors RASSF1A and
hMLHI. Both Zebularine and DAC demethyl-
ated DNA globally in a similar way with differ-
ences at specific loci [40].

EGFR inhibitor PD153035 has been shown be
able to stimulate expression of RAR-f, which was
epigenetically silenced via DNA hypermethylation
in OVCAR-3 ovarian carcinoma cells. Reactivation
of RAR-f by PDI153035 was associated with
demethylation of the RAR-2 gene promoter P2 as
demonstrated by MSP [18].
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Combination Therapy Using Epigenetic
Therapeutics and Chemotherapeutics
Although using epigenetic therapies alone has
rarely shown activity against solid tumors,
including ovarian cancer, preclinical studies sug-
gest that when epigenetic therapies are used in
combination with one another or with conven-
tional chemotherapeutics, improved antitumor
activity may be achieved. Thus, combinatorial
epigenetic therapy regiments are being examined
in cancer clinical trials [87].

The rationale of using combination therapy of
DNMT inhibitors and HDAC inhibitors in ovar-
ian cancer was supported by a study using quan-
titative real-time reverse transcription polymerase
chain reaction (qQRT-PCR) and immunohisto-
chemical staining to examine the mRNA and pro-
tein expression in 22 cases of ovarian cancer and
8 normal ovaries. This study revealed that: (1)
DNMT1, DNMT3b and class I HDACs were
increased in ovarian cancers, while the expres-
sion of DNMT3a was not different between can-
cer tissues and normal ovaries; (2) Comparing
with stage I/Il ovarian carcinomas, DNMTI,
DNMT3b, HDACI1, and HDAC2 were signifi-
cantly higher in advanced tumors (stage III/IV);
(3) Expression of HDAC2 was positively corre-
lated with HDCA1l, HDAC3, and HDACS,
DNMT1 was positively correlated with
DNMT3b, and DNMT3b was correlated with
HDACI1 and HDAC?2 [93].

HDAC inhibitor valproic acid (VPA), in com-
bination with Aurora kinase inhibitors, has shown
promising results for a more effective therapy of
ovarian cancer. In an investigation, VPA and the
Aurora kinase inhibitor VE465 were used to treat
four ovarian cancer cell lines (2008/C13,
OVCAR3, SKOV3, and A2780VPA). Enhanced
cytotoxic effects were observed in three (2008/
C13,A2780, and OVCARD3) of the four cell lines.
Co-treatment with VPA (2 mM) and VE465
(1 pM) induced more apoptosis in 2008/C13 cells
than monotreatment [91].

Combination therapy using epidermal growth
factor receptor (EGFR) inhibitor, erlotinib, and
AZA has been used to treat advanced ovarian
cancer in a phase I clinical trial, in the hope
the epigenetic therapeutic would enhance the

antiproliferative effect of erlotinib. Partial
response was observed [39].

Combination treatments using trichostatin A
(TSA) and DAC was conducted on human ovarian
cancer cell lines. Combination treatment had
greater efficacy than single drugs [46].

Different ovarian cancer cell lines (SKOV3
and HEY) have different status of estrogen recep-
tor (ER) beta promoter methylation. DAC and the
histone deacetylase (HDAC) inhibitor, tricho-
statin (TSA) were found be able to inhibit ovarian
cancer cell growth [94].

In the same kind of cell lines, another study
using DAC in combination with another HDAC
inhibitor (suberoylanilide hydroxamic acid
[SAHA]) synergistically inhibit Hey and SKOv3
cell growth by apoptosis and cell cycle arrest, and
reactivate expression of imprinted tumor sup-
pressor genes ARHI and PEG3 (paternally
expressed 3) in both cultured cells and in xeno-
grafts, correlating with growth inhibition. DAC
treatment induced autophagy in Hey cells that
was enhanced by SAHA [38].

Combination Therapy to Overcome Drug
Resistance

As it has been discussed, epigenetic modifications
contribute to the development of drug resistance in
the ovarian cancer. Thus, it is logic to think epi-
genetic therapy may reverse the “plastic” epigen-
etic modifications and resensitize ovarian tumors
to conventional chemotherapeutics [95, 96].

Zebularine could resensitize the drug-resistant
cell line A2780/CP to cisplatin, with a 16-fold
reduction in the ICs, of that conventional agent [40].

Combination treatments using trichostatin A
(TSA) and DAC with low-dose cisplatin was
conducted on human ovarian cancer cell lines.
The epigenetic drugs potentiate the anticancer
efficacy of low-dose cisplatin through regulation
of EMT and pluripotency [46].

A study enrolled 17 patients with platinum
resistant ovarian cancer showed that combination
therapy with DAC and carboplatin resensitized
chemoresistant ovarian cancer to platinum [97].

In ovarian cancer cell lines and animal models,
epigenetic therapeutic agents have been shown to
enhance gene expression and drug sensitivity.
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Phase I trial of DAC has completed in ovarian
cancer [96]. A phase II clinical trial showed that
low-dose DAC altered DNA methylation of genes
and cancer pathways, which restored sensitivity
to carboplatin in patients with heavily pretreated
ovarian cancer and resulted in higher response
rate (RR) and longer progression-free survival
(PFS) [98].

The results of a phase II study reported in 2007
and involved seven patients with refractory ovar-
ian cancer support the claim that the epigenetic
therapy with hydralazine and magnesium valpro-
ate overcomes chemotherapy resistance [99].

After combination treatment of AZA, VPA,
and carboplatin, minor responses or stable dis-
ease lasting >4 months were achieved by three
patients with platinum-resistant or platinum-
refractory ovarian cancer. The combination treat-
ment also induced death receptor 4 (DR4)
methylation decrease in a subset of patients, but
which was not related to tumor response or num-
ber of cycles received [100].

Loss of RASSF1A expression has been
observed strongly correlated with the develop-
ment of Taxol resistance in primary ovarian can-
cer samples. It has been reported after using a
combination of small molecule inhibitors of
DNMTs, RASSF1A expression and Taxol sensi-
tivity were restored [41].

In OVCAR-3 and MDAH-2774 ovarian can-
cer cells, combination treatment using AT-101
and cisplatin, inhibited both DNMT and HDAC
activities, overcame chemoresistance by induc-
ing apoptosis [101].

Beside siRNA can be used to target DNMTs
and reactivates silenced tumor suppressor genes
[10], lentivirus-mediated RNAI silencing targeting
excision repair cross-complementing gene 1
(ERCC1) reversed cisplatin resistance in cisplatin-
resistant ovarian carcinoma cell line [102].

Pharmacovigilance in Ovarian Cancer

There are reports indicating epigenetic therapies
may have little side effects. One report is for the
study in xenograft models, some of HDACIs
have demonstrated antitumor activity with only
few side effects [90]. Also, a phase I clinical trial
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showed that combination treatment of erlotinib
and AZA was well tolerated in ovarian cancer
patients [39].

However, the clinical trials investigating
Sorafenib (a multiple kinase inhibitor with his-
tone acetylation altering ability) in ovarian can-
cer revealed that adverse effects occurred
frequently, including rash, diarrhea, edema, and
weight gain [6].

People have to realize that when applying epi-
genetic therapies, under certain situations, it may
be complex. For instance, although DNA demeth-
ylating reagent, such as DAC, is able to activate
the expression of promoter-DNA-methylation-
silenced tumor suppressor genes, it may also acti-
vate some oncogenes, such as IFITM1 [3].

Besides, promoter DNA hypomethylation,
histone acetylation may activate putative
oncogenes [33, 34]. Expression of ABCG2, a
member of ATP binding cassette (ABC) trans-
porters, has been linked to multidrug resistance
(MDR) in ovarian cancer cell line (IGROV-1).
Interestingly, ABCG2 can be upregulated by his-
tone hyperacetylation. Thus, HDAC inhibitors
may lead to MDR development in some ovarian
cancer cell lines [103].

So, epigenetic therapeutics used to treat ovarian
cancers may also cause side effects due to
unwanted oncogene activations. This should be
taken as a precaution when carrying on preclinical
studies and clinical trials. However, as discussed
thoroughly earlier and being supported by many
studies, particularly in ovarian cancer, using epi-
genetic therapies in combination with chemother-
apies is a very promising strategy to overcome
chemoresistance and improve antitumor efficacy
of conventional drugs. More efforts on looking for
epigenetic therapies more specifically targeting
tumor suppressors for DNA demethylation and
histone acetylation are needed.

Pharmacoepigenomics
and Pharmacovigilance in Cervical
Cancer

Every year, there are about 500,000 cervical can-
cer cases are diagnosed worldwide [104].
According to SEER cancer statistics fact sheets,
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in 2015, it is estimated that there will be 12,900
new cases diagnosed in the USA [105]. The stan-
dard treatment of advanced cervical cancers
(International Federation of Gynecology and
Obstetrics staging system (IFGO) starting from
stage IIB) is combined radiotherapy with con-
comitant chemotherapy [104].

Human papilloma virus (HPV) infection is the
major cause of cervical cancer development
[105]. It can cause genomic instability, affect
immune system and also induce DNA methyla-
tion changes in host cells. In fact, it may cause
many epigenetic changes in the cervical precan-
cerous lesions, which strongly indicate it is the
causative agent for cervical cancer.

Pharmacoepigenomics in Cervical
Cancer

Epigenetic changes in cervical cancer and pre-
cancerous lesions have been reported during all
stages of cervical carcinogenesis in both human
papillomavirus and host cellular genomes [106—
108]. These epigenetic changes, including global
DNA hypomethylation, hypermethylation of key
tumor suppressor genes, and histone modifica-
tions, are clinical relevant. For example, tumor
suppressor genes: retinoic acid receptor-f
(RARB), cadherin 1 (CDH1), death-associated
protein kinase-1 (DAPK1), and GSTP1 have
been reported can be silenced by promoter DNA
hypermethylation in cervical cancers [109-112].
Furthermore, a study identified a high frequency
of promoter hypermethylation in the Slit-Robo
pathway genes (SLIT1, SLIT2, SLIT3, ROBOI,
and ROBO3 genes). The Slit family of secreted
proteins modulates chemokine-induced cell
migration of distinct somatic cell types. Slit
genes mediate their effect by binding to its recep-
tor Roundabout (Robo). The promoter hyper-
methylation of these genes occurs early in tumor
progression and results in gene expression down-
regulation in invasive cervical cancer [113]. In
addition, there are reports that aberrant HDAC
activity and the resulted histone hypoacetylation,
are associated with cervical cancer development
[114, 115]. Additionally, a few epigenetic modi-
fications of IFN-y gene, increasing IFN-y expres-

sion in Thl lymphocytes and reducing IFN-y
expression in Th2 lymphocytes, have been
described and may appear to confer a susceptibil-
ity to cervical cancer [116]. These aberrant epi-
genetic changes can be used in early cervical
screening, diagnosis, and management of cervi-
cal precancerous lesions and cancers [106—108].
For instance, as has been reported, epigenetic
changes were able to distinguish early from
advanced transforming cervical intraepithelial
neoplasia (CIN) lesions [108]. And the afore-
mentioned promoter methylation of Slit-Robo
genes could be an epigenetic signature to identify
precancerous lesions at risk to progress to cervi-
cal cancer [113]. Interestingly, a potential che-
motherapeutic agent in cervical cancer, plant
alkaloid berberine, was thought to be able to bind
to DNA and may contribute to epigenetic modifi-
cations [117].

Tumor Suppressor Epigenetically

Silenced in Cervical Cancer

Silencing by DNA methylation of tumor suppressor
gene GADD45G, adenomatous polyposis coli
(APC), and tumor suppressor in lung cancer 1
(TSLC1), has been detected in some cervical cancer
cell lines, which could be reversed by either DAC
treatment, genetic double knockout of DNMT1 and
DNMT3B, or other DNMT 1 inhibitors [118, 119].

Recently, it has been reported that the cell adhe-
sion molecule 1 (CADM1), a tumor suppressor, is
downregulated in human papillomavirus (HPV)-
infected cervical cancer cell lines via its hypermeth-
ylation. Demethylation using DAC reactivated the
expression of CADM1 protein [120].

Besides the epigenetic silencing by DNA
methylation, it has been reported that the tumor
suppressor genes, RARf2, E-cadherin, p21
(CIP1), and p53, could be epigenetically silenced
through histone deacetylation, which is impor-
tant for cervical carcinogenesis [109, 110, 121].

Epigenetic Change Predicts

the Prognosis

After Chemoradiotherapy

A study using methylation-specific multiplex
ligation-dependent probe amplification
(MS-MLPA) showed promoter hypermethylation
in the XRCC2 gene was significantly associated
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with occurrence of late grade III-IV toxicity in
cervical cancer patients treated by chemoradio-
therapy [104].

Unmethylated MYOD1, unmethylated ESR1,
methylated hTERT promoter, and lower ESRI1
transcript levels could predict chemoradiation
resistance in locally advanced invasive cervical
carcinoma (IFGO IIB/IIl) patients treated with
standard chemoradiation therapy [122].

Epigenetic inactivation of TRAIL decoy recep-
tors in cervical cancer cell lines effectively activate
downstream caspases and extrinsic apoptotic path-
way, suggesting decoy receptor gene inactivation
may be used as a biomarker of response to Apo2L/
TRAIL-combination therapy [123].

In addition, the epigenetic regulation of p73
expression via DNA methylation was investi-
gated in 103 cervical cancers and 124 normal cer-
vices. Hypermethylation of p73 gene was
observed in 38.8 % of cervical cancers and sig-
nificantly associated with reduced or absent p73
expression. Because p73 expresses in samples
that are sensitive to radiotherapy and overexpres-
sion of p73 predicted a better prognosis in cervi-
cal cancer patients [124], hypermethylation of
p73 in cervical cancer may be used as a marker
for poor prognosis.

Epigenetic Monotherapy

Epigenetic Therapy Using DNMT Inhibitors

in Treating Cervical Cancer

In human cervical cancer cell lines, HelLa and
CaSki, trichosanthin (TSC, a component isolated
from a Chinese medicinal herb) decreased
expression of DNMT1, reduced DNMT1 enzyme
activity, induced demethylation, and reactivated
expression of APC and TSLCI, two tumor sup-
pressor genes silenced by methylation [119].

Epigenetic Therapy Using HDAC Inhibitors

to Treat Cervical Cancer

As mentioned previously, aberrant HDAC activ-
ity and resulted histone hypoacetylation, have
been associated with cervical cancer develop-
ment [114, 115]. Based on the logic to use HDAC
inhibitors (HDACIs) to reverse the aberrant
HDAC activity, HDACIs have been used to treat
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a variety of cervical cancer cell lines, xenograft
tumors, and patients enrolled in colonial trials.
HDACIs exhibited antitumor abilities, includ-
ing inhibiting cell growth, arresting cell cycle
progression, inducing apoptosis, and may be
cervical cancer cell differentiation in these stud-
ies. In addition, in the xenograft model and a
Phase I study, limited side effects were observed
[109, 110, 114, 115, 125].

In a phase I study, HDAC activity was inhib-
ited and histones were hyperacetylated in cervi-
cal tumor tissues from patients, who had been
newly diagnosed with cervical cancer and taken
20 and 40 mg/kg magnesium valproate orally
[114].

It has been widely reported that HDACIs
could induce apoptosis in cervical cancer cell
lines, such as Hela and Caski [125]. The mecha-
nism of inducing apoptosis in cervical cancer cell
lines, but not in normal human keratinocyte line
HaCaT, could be TSA, a HDACI, could down-
regulate DNMT3B in cervical cancer cells but
not in the normal cells [125]. This raises an inter-
esting question as whether or not de novo DNA
methylation is required by cervical cancer cell
survival.

Combination Therapy

Combination Therapy Using Both HDACIs
and DNMTIs
In addition to using HDACISs alone to treat cervi-
cal cancer, combination therapies using other
drugs together with HDACTs have been explored
[91, 109, 110].

A group of Mexican scientists have conducted
a series of studies of using HDACIs and DNMTIs
in combination to treat cervical cancers [126—
130]. By using microarray analysis, they com-
pared the transcriptional profiles of ten pairs of
pre- and post-treatment cervical tumors, and
found that combination therapy using both a
DNMTI (hydralazine) and a HDACI (magnesium
valproate) reactivated genes and enhanced protein
acetylation in primary cervical tumors. The 964
genes being upregulated are involved in ribosome
protein, the oxidative phosphorylation, MAPK
signaling, as well as other pathways. It was
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thought the pathways are related to energy
production and may promote apoptosis [126]. In
a double-blind, placebo-controlled, randomized
phase III trial for advanced cervical cancer, the
same group of researchers investigated the advan-
tage of using hydralazine (DNMTTI) and valproate
(HDACI) (HV) in combination with chemother-
apy (cisplatin topotecan, CT). There were 36
patients (17 CT+HYV and 19 CT+placebo) were
enrolled. Epigenetic therapy began 1 week before
the chemotherapy. The median progression-free
survival was statistically different as 6 months for
CT+placebo and 10 months for CT+HV. This
preliminary study indicates that epigenetic ther-
apy in combination with chemotherapy has sig-
nificant advantage over one of the current standard
chemotherapies in cervical cancer in terms of
progression-free survival [129].

Another group of scientists performed a study
in Hela cells showed that a green tea catechin,
(—)-epigallocatechin-3-gallate (EGCG), was
able to inhibit both DNMT and HDAC enzy-
matic activities, and reduce the expression of
DNMT3B. By inducing hypomethylation at the
promoter DNA, EGCG activated the expression
of tumor suppressor genes: retinoic acid
receptor-f (RARP), cadherin 1 (CDHI1) and
death-associated protein kinase-1 (DAPKI)
[111]. In another study, this group of scientists
investigated the epigenetic effects of sulfora-
phane in Hela cells. They found that sulfora-
phane was able to inhibit both the enzymatic
activity and the expression of DNMT3B and
HDACI. This is slightly different from the effect
of EGCG, which only reduced the expression of
DNMT3B, but not HDACI1. Furthermore, simi-
larly to what they found in the study of EGCG,
they observed the reactivation of tumor suppres-
sor genes: RARpB, CDH1, DAPK1, and GSTP1,
after treatment of sulforaphane [112].

Combination Therapy Using HDAClIs

with Inhibitors Other Than DNMTIs

A study using VPA and ATRA (all-trans retinoic
acid, a retinoid selective for tumor suppressor
RARB2), could reactivate expression of histone-
deacetylation-silenced RARP2. The expression of
RARPp2 was upregulated 50-90 folds in cervical

cancer cells by this combination treatment.
There is an additive effect both in vitro and
in vivo of combining these two drugs together.
Significant upregulation of p21(CIP1) and p53
as well as a pronounced decrease in p-Stat3 was
observed. More interestingly, instead of induc-
ing apoptosis, this combination therapy mainly
induced differentiation in cervical cancer cells
through PI3K/Akt pathway [109]. Very similar
results have been reported in another study con-
ducted by this group of scientists. This time,
instead of using only VPA, SAHA was also used
in combination with ATRA. Upregulation of
RARP2 was also observed which might be
resulted from acetylation of histones in the
RARP2-RARE promoter region. In a xenograft
model, VPA could restore RARP2 expression via
epigenetic modulation, and showed additive
antitumor effect when it was used with
ATRA. Differentiation of cervical cells, reactiva-
tion of RARP2, E-cadherin, p21 (CIP1), and p53
and reduced the level of p-Stat3 were also
observed [110].

It has also been reported that combined treat-
ment using VPA and the aurora kinase inhibitor
VE465 enhanced cytotoxic effects in a cervical
cell line, ME180 [91].

Epigenetic Therapy to Reverse
Drug-resistance

In cervical cancer, epigenetic changes, in partic-
ular DNA methylation changes have been shown
to be responsible for drug resistance. It has been
shown by a methylation specific microarray that
oxaliplatin-resistant cervical cancer cell S3 has
methylation changes both genome-wide and
within individual loci compared with its parental
cell line SiHa. S3 treated by DNA demethylating
agent restored the sensitivity of S3 cells to cis-
platin, taxol, and oxaliplatin to the same level as
that of SiHa. Methylation of gene Casp8AP2
was shown be sufficient to increase drug resis-
tance [131].

In a gemcitabine-resistant cervical cancer cell
line (CaLoGR), downregulation of hENT1 and
dCK genes was observed not associated with pro-
moter methylation. Treatment with hydralazine
reversed gemcitabine resistance and led to



38

hENT1 and dCK gene reactivation, which is
independent of DNA promoter methylation or
histone acetylation at these promoters, but
through inhibition of G9A histone methyltrans-
ferase [128].

Cisplatin resistance caused by overexpression
of multi drug resistant proteins MRP1 and
Pgpl in SiHa-derived cervical cancer cell line
SiHaR could be overcome by curcumin.
Curcumin treatment could inhibit HDACs and
HPV expression, and differentially increase
acetylation and upregulation of p53, pRb, p21,
and p27, in both SiHa and SiHaR, leading to cell
cycle arrest at G1/S phase. Using curcumin
could also lower the chemotherapeutic dose of
cisplatin [132].

Radiosensitization of SiHa cervical cancer
cell line could be increased by treatment with
hydralazine in combination with valproic acid.
This effect can be further increased by adding
cisplatin [133].

Epigenetic Therapy of Cervical Cancer

in the Future

In the future, along with further understanding of
the epigenetic regulations of many other genes,
more epigenetic therapies may be developed. For
example, ASXL1, ASXL2, and ASXL3 are epi-
genetic scaffolds for BAP1, EZH2, NCOAI,
nuclear receptors, and WTIP. It has been observed
that copy number gains of ASXL1 occur in cervi-
cal cancer. The cell context-dependent epigenetic
code of ASXLs should be deciphered to develop
therapeutics for cervical cancer [134].

In addition to understanding more about the
epigenetic regulation of some genes, more tools
and technologies will be available for epigenetic
therapy. For instance, the RNA-guided nuclease
CRISPR-Cas9 (clustered regularly interspaced
short palindromic repeats-CRISPR associated
nuclease 9) and its variants such as nickase Cas9,
dead Cas9, guide RNA scaffolds and RNA-
targeting Cas9 are convenient and versatile plat-
forms for site-specific epigenomic modulations.
Epigenetic modifications of cancer microenvi-
ronment with CRISPR-Cas9 systems for thera-
peutic purposes represent a promising area in
cervical cancer research [135].
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Pharmacovigilance in Cervical Cancer

HPV infection is the major cause of cervical can-
cer. Due to the availability of anti-HPV vaccine
since about a decade ago, the infection rate of
HPV is declining. Beside, different from ovarian
cancer, which lacks efficient means for early diag-
nosis, early diagnosis of cervical cancer can be
achieved by routine Pap test/smear. The availability
of early diagnosis of cervical cancer contributes to
a lower mortality rate than ovarian cancer.

Although DNA demethylating agents can reacti-
vate tumor suppressors silenced by DNA methyla-
tion, there is a possibility that they may also activate
HPV oncoproteins, as comparing HPV genome
methylation in pre-invasive and invasive cervical
lesions suggesting that neoplastic transformation
can be suppressed by gene hypermethylation. Thus,
epigenetic therapy may have the risk to promote
cancer progression by enhancing HPV oncoprotien
expression in cervical cancer [121].

In a study testing hydralazine and valproate
either alone or in combination on cervical cancer
cell lines. The expression of HPV oncoprotein
E6/E7 was upregulated correlating with DNA
hypomethylation and histone acetylation at the
long control region (LCR). Fortunately, in the
majority of patients with cervical cancer, treat-
ment with hydralazine, valproate, or both did not
enhance the expression of E6/E7 [121]. Thus, it
seems hydralazine and valproate can be safely
administered to patients with cervical cancer.

Hydralazine and valproate were also shown
being well-tolerated and safe when administered
with cisplatin chemoradiation as supported by
the results of a clinical trial performed in IFGO
Stage IIIB patients [130].

In fact, not only in cervical cancer, but also in
other cancers, hydralazine (DNMTTI) and valpro-
ate (HDACI) have been tested are safe to be used
alone or in combination with chemotherapy or
chemoradiation [127].

Using MSP, a study investigated the promoter
methylation of the mitotic checkpoint gene CHFR
(checkpoint with forkhead and ring finger) in both
cervical cancer specimens and cell lines. Aberrant
methylation of CHFR was detected in 12.3%
(2/14) of adenocarcinoma specimens but not in
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normal cervical cells or squamous cell carcinoma
cells. Out of 6 of human cervical carcinoma cell
lines, SKG-IIIb and HelL a cells had aberrant meth-
ylation of CHFR and showed high sensitivity to
taxanes, but became taxane-resistant upon treat-
ment with DAC. Moreover, suppression of CHFR
expression in siRNA-transfected SKG-Illa cells
caused increased sensitivity to taxanes [136]. All
of these indicate that promoter DNA methylation
caused silencing of CHFR increased sensitivity to
treatment of taxanes. Thus, DNA hypomethylating
reagent, such as DAC, may make it worse for treat-
ing the cervical cancer patients with hypermethyl-
ated CHFR.

The Werner (WRN) gene encodes a DNA
helicase contributing to genomic stability.
Aberrant DNA hypermethylation and decreased
expression of WRN were detected in 7/21 cases
of primary cervical cancer and in 2/6 cervical
cancer cell lines. These two cell lines showed
high sensitivity to a topoisomerase I inhibitor,
CPT-11, but became resistant to CPT-11 after
treatment with DAC. It indicates that aberrant
DNA hypermethylation of WRN increased the
sensitivity of cervical cancer cells to CPT-11
[137]. So inappropriate using DNA demathylat-
ing agent in cervical cancer cells with methylated
Werner gene will increase drug resistance to
CPT-11 and cause adverse prognosis.

Besides epigenetic therapies may activate
unwanted oncogenes, paradoxically, they may also
activate some genes, which are traditionally
thought as tumor suppressors and silenced epige-
netically, but indeed whose activities are harmful
in cervical cancer. It has been reported that para-
doxically tumor suppressor pl6(INK4A) is neces-
sary for survival of cervical carcinoma cell lines,
although its activity has been epigenetically
silenced in many tumors p16(INK4A) [138].

Another example may further showcase how
complex cancer is, and epigenetic inactivation
and therapies can be. As it has been discussed
earlier, some genes in Slit-Robo pathway are
epigenetically silenced in invasive cervical can-
cer; however, the inhibitors of DNA methylation
and HDACS failed to effectively reactivate the
downregulated expression of Slit-Robo genes in
cervical cancer cell lines [113].

Pharmacoepigenomics
and Pharmacovigilance in Uterine
Cancer

Uterine cancers include uterine sarcomas and
endometrial carcinomas. Uterine sarcomas only
consist about 3—7 % of malignant uterine tumors
[139]. According to reports from American Cancer
Society, most of the endometrial carcinomas are
endometrioid adenocarcinoma (endometrioid-type
endometrial cancer). There are uterine carcinosar-
comas as well. Endometrial cancer is the seventh
most common cancer worldwide among women
and is the most common gynecological cancer
affecting women [140-142]. Follows ovarian can-
cer, it is the second-most fatal gynecologic cancer
[4]. According to American Cancer Society, in the
USA in 2015, it estimated that there would be
54,870 new cases of cancer of uterine body with
10,170 deaths. Type II endometrial carcinoma is
often poorly differentiated. Patients diagnosed
with Type II disease (~11%) are disproportion-
ately represented in annual endometrial cancer
deaths (48 %) [142]. For most women, surgery is
the main method of treatment for endometrial can-
cer, with radiotherapy and chemotherapy as sub-
sidiary treatments. In addition, hormone
(progestin-based) therapy has proven be effective
in a subset of patients, particularly in patients with
progesterone receptor (PR) expression [143].

Pharmacoepigenomics in Uterine
Cancer

Epigenetic Changes in Uterine Cancer
Contribute to Carcinogenesis

and Responses to Treatments

Some cases of endometrial cancer may be heredi-
tary. For instance, patients with Lynch syndrome,
which is a hereditary disease, have a higher risk
for developing endometrial cancer than the gen-
eral population [141]. However, epigenetic
effects, such as silencing of genes by DNA hyper-
methylation, hereditary epimutation of DNA
mismatch repair genes, and regulation of gene
expression by miRNAs, also play roles in carci-
nogenesis of endometrial cancer [141].
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Similar to what have been discussed in ovarian
cancer and cervical cancer, there are genes are
silenced through hypermethylation in endome-
trial cancer [144]. BRCA1 expression can also be
a biomarker of chemosensitivity response and
prognosis in uterine cancer in addition to ovarian
cancer [145]; epigenetic inactivation of hMLH1,
CDKN2A, and MGMT may be a common and
early event in the development of synchronous
primary endometrial cancer [12]; and frequent
epigenetic silencing of tumor suppressor genes
PTEN and progesterone receptor were also
reported in uterine cancer [146]. It has also been
known that endometrial cancer has overexpres-
sion of HDAC and DNMT enzymes [146]. In
endometrial cancer, HAND2 DNA methylation
has been reported as a common and crucial
molecular alteration that could potentially be
employed as a biomarker for early detection of
endometrial cancer and as a predictor of treat-
ment response [147]. Promoter DNA hypometh-
ylation  signatures of candidate  bone
morphogenetic protein (BMP) genes, which is
associated with EpCAM-mediated expression,
may be used as biomarkers to predict poor sur-
vival in endometrial cancer [148]. There are also
efforts for looking for new candidate biomarkers
for endometrial cancer include those for molecu-
lar epigenetic mutations, such as miRNAs [149].
In endometrial cancer, miRNAs are associated
with regulation of epigenetic dysfunction and
carcinogenesis and may be explored as biomark-
ers for endometrial cancer diagnosis and progno-
sis [150]. PHC3, a polycomb group gene (PcG)
member and an epigenetic effector, may be of
worth to be explored as a biomarker for predict-
ing poorer prognosis in uterine carcinomas [151].

Recent advances in research have shown that
DNA methylation-based assays may be a useful
in diagnosing uterine cancer. Epigenetic modifi-
cation agents, including inhibitors for DNA meth-
yltransferases and histone deacetylases, may be
used alone or in combination with conventional
chemotherapy to treat endometrial cancer.
Epigenetic reactivation of the progesterone recep-
tor provides a novel approach for resensitization
of advanced, PR-negative endometrial cancers to
progestin-based therapy [152]. New therapies
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include targeting epigenetic changes using histone
deacetylase inhibitors and noncoding microRNA,
have been explored [91, 139, 141, 146, 153, 154].

Epigenetic Monotherapy

and Combination Therapy

Although it is rarely reported, epigenetic mono-
therapy has been explored. For instance, HCI2509,
a lysine specific demethylase 1 (LSD1) inhibitor,
was used to treat two poorly differentiated Type 11
endometrial cancer cell lines, AN3CA and KLE,
and demonstrated anticancer properties. HCI2509
showed single-agent efficacy in orthotopic xeno-
graft studies as well [142].

Using cell lines representing different stages
of endometrioid cancers, effects of DAC and
TSA on cell cycle and apoptosis were examined.
DAC and TSA exhibited strong cytostatic and
apoptotic effects in endometrial cancer cell lines,
and a strong synergy has been observed by using
the tow inhibitors together [155].

Previously, we discussed that combination treat-
ment using both HDAC inhibitor valproic acid and
aurora kinase inhibitor VE465 to enhance the cyto-
toxicity in ovarian cancer cell lines. In fact, this
combination therapy also enhanced cytotoxicity in
endometrial cancer cell line HEC-1B [91].

Treated endometrial sarcoma cell lines, ESS-1
and MES-SA, with the tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL/
Apo-2L) combined with HDAC inhibitor SAHA
induced apoptosis by reactivating epigenetic
silenced genes that are involved in the intrinsic
apoptotic pathway. DAC treatment induced pro-
moter DNA hypomethylation and reactivated
expression of caspase-8 and DR 4/TRAIL-R1 in
ESS-1 and MES-SA cells, respectively, and
increased the sensitivity of both cell lines against
TRAIL-induced apoptosis [139].

Epigenetic Approach to Revive

Hormonal Therapy

Because the expression of progesterone receptors
has been shown to be upregulated and downregu-
lated by various epigenetic mechanisms [156],
the epigenetic therapy may be beneficial and
should be considered when choosing hormone
therapy for patients.
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The progesterone receptor (PR) gene is
transcribed from one gene by two alternative
promoters and translated into PR-B, a potent
transcriptional activator, and PR-A, the shorter
isoform, necessary to oppose the effects of
PR-B [156]. Because PR-B gene expression is
regulated by epigenetic factors including DNA
methylation [157, 158], MBD (methyl-CpG-
binding domain) binding [157], histone modifi-
cations [157, 158], MeCP2 (methyl-CpG-binding
protein 2) occupancy [157], as well as miRNAs
[158], epigenetic reactivation of PR-B could be
a potential strategy to sensitize the PR-B-
negative endometrial cancers to progestational
therapy [157, 158].

People have described approaches to restore
expression of PR at the epigenetic level in endo-
metrial cancer, which is believed to reestablish
PR expression and resensitize endometrial
tumors to progestin therapy [143, 154, 159]. The
PR-B negative endometrioid cancer cell lines
KLE and HEC-1B treated by DAC and TSA
revealed that epigenetically silenced PR-B gene
remains sensitive to changes in DNA demethyl-
ation and histone acetylation. Treatment with
DAC and/or TSA results in a robust and sustain-
able PR-B upregulation [159]. In addition, it has
been reported that in Type I endometrial cancer
cells with low basal PR, LBH589, an HDAC
inhibitor, induced a profound upregulation of PR
mRNA and restored PR protein expression even
in the presence of progesterone. The restored PR
in turn upregulated FoxOl1, p21, and p27 and
downregulated cyclin D1 in a ligand-dependent
manner and induced cell cycle arrest in G1 that
was further augmented by progesterone [154].
These studies suggest that reestablishing PR
expression by epigenetic modulators can resensi-
tize endometrial tumors to progestin therapy and
enhance the efficacy of hormonal therapy for
endometrial cancer.

The efforts that have been discussed above are
focused on targeting PR expression in tumors;
however, a very exciting research provided strong
support that through epigenetic derepression to
reactivate PR expression in the stroma, the tumor
environment, is sufficient for resensitize
hormone-refractory tumors to progesterone
therapy [160].

Pharmacovigilance in Uterine Cancer

Similar to what have been discussed for ovarian
and cervical cancers, application of epigenetic
agents may reactivate silenced oncogenes as
well. For instance, since promoter DNA hypo-
methylation of candidate BMP genes is associ-
ated with poor survival in endometrial cancer
[148], using DNA demethylating agent should be
weighted for its benefits and risks first, as it may
induce promoter DNA hypomethylation of can-
didate BMP genes.

Therefore, personalized epigenetic therapy
based on a patient’s epigenomic background is
more ideal and should be recommended.

Pharmacoepigenomics
and Pharmacovigilance in Other
Gynecological Cancers

Mainly due to the rareness of the cases of vaginal
cancer, vulval cancer, and fallopian tube cancer,
the studies of pharmacoepigenomics and phar-
macovigilance in these cancers are few and just
emerged [161, 162]. Epigenetic alterations affect
the carcinogenesis of these cancers as well [161,
162]. For instance, diethylstilboestrol (DES), an
endocrine disrupter, may have acted as an obeso-
gen, can cause epigenetic alterations. Vaginal
clear cell adenocarcinoma may develop in some
of the daughters of the women who have been
treated with DES [162]. Similar to what has been
discussed in ovarian cancer, cervical cancer, and
uterine cancer, different patients may response dif-
ferently to the same drug treatment due to different
epigenetic aberrances present in their tumors. More
studies of pharmacoepigenomics and pharmaco-
vigilance are needed in these cancers to make
personalized treatments possible, improve thera-
peutic efficacy, and reduce mortality.
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Abstract

The big issue in the fight against cancer is to understand the molecular
mechanisms underlying the carcinogenesis process and try to direct the
knowledge acquired in the direction of new and hopefully efficient ther-
apies. In recent years, numerous studies have greatly implemented the
knowledge about cervical cancer. It is well known that human papillo-
mavirus (HPV) types cause approximately 90 % of cervical cancer. This
evidence led the scientists to focus on HPV infection in relationship with
cervical cancer, thereby developing vaccines for the prevention of cervi-
cal cancer. Screening with HPV testing was introduced around 1990, and
prophylactic HPV vaccination was licensed in 2006. The synergistic
effect of cancer prevention and early detection of cancers has been
shown to improve survival rates and decrease mortality by timely appro-
priate treatment. Unfortunately, prophylactic vaccines are not able to
eradicate established HPV infections and their associated tumor lesions.
Advances have been made also in the clinical and therapeutic manage-
ment of patients affected by cervical cancer. Important immunothera-
peutic studies in advanced cervical cancer have been recently reported.
In addition, various classes of anti-angiogenesis agents are studied with
great interest in order to improve the efficacy of the treatment for patients
with cervical carcinoma.
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Abbreviations

CIN Cervical intraepithelial neoplasia

DNMT DNA methyltransferase

EGF Epidermal growth factor

EGFR Epidermal growth factor receptor

ERK1 Extracellular signal-regulated kinase
1

FGF Fibroblast growth factor

GOG Gynecologic Oncology Group

HDAC Histone deacetylase

HER2 Human epidermal growth factor
receptor 2

HPV Human papillomavirus

IFN Interferon

LNM Lymph node metastasis

MAPK1 Mitogen-activated protein kinase 1

miRNA  MicroRNA

NCCN National Comprehensive Cancer
Network

NCI National Cancer Institute

NIP National Immunization Program

(0N Overall survival

PD Programmed cell death

PD-L1 Programmed cell death ligand 1

PFS Progression-free survival

PIK3CA  Phosphatidylinositol-4 5-bisphosphate
3-kinase, catalytic subunit alpha

RTK Receptor tyrosine kinase

SCC Squamous cell carcinoma

TIL Tumor-infiltrating lymphocyte

VEGF Vascular endothelial growth factor

Introduction

Cervical cancer is one of the most common
types of cancer in women worldwide and is fre-
quent in relatively young women. Cervical can-
cer being the fourth most diagnosed cancer
among the females worldwide is the fourth
leading cause of cancer-related mortality [1]. In
the last decades, its incidence has decreased
following the implementation of screening pro-
grams, mainly in developed countries. Cervical
screening programs, while successful if prop-
erly carried out, are difficult and expensive to

G. D'Andrilli

implement, especially in developing countries.
Prophylactic human papillomavirus (HPV) vac-
cines and new HPV screening tests, combined
with traditional Pap test screening, have greatly
reduced cervical cancer. Yet, thousands of
women (~470,000 new cases) continue to be
diagnosed with and die (233,000 deaths per
year) of this preventable disease annually. This
critical situation has stimulated the scientists to
find ways of evolving new strategies and settle
novel treatment protocols.

Cervical cancer remains unique among solid
tumor malignancies. Cervical carcinogenesis is a
multistep process, which starts with viral infec-
tion and requires the establishment of persistent
HPV infection. Persistent infection with onco-
genic subtypes of the human papillomavirus
(HPV) results in carcinogenesis, predominantly
occurring at the cervical transformation zone
where endocervical columnar cells undergo
metaplasia to a stratified squamous epithelium.
The molecular cascade involving viral oncopro-
teins, E6 and E7, and their degradative interac-
tions with cellular tumor suppressor gene
products, p53 and pRb respectively, has been pre-
cisely delineated. Functional inactivation of pRb
by viral oncoprotein binding is shown in many
neoplasias including cervical cancer [2]. In the
early phases of carcinogenesis the three onco-
genes of the virus E5, E6, and E7 play an impor-
tant role in immune evasion. The precursor state
of cervical neoplasia may last for years allowing
for ready detection through successful screening
programs in developed countries using cervical
cytology and/or high-risk HPV DNA testing.
HPYV is one of the most common sexually trans-
mitted infections worldwide and is associated
with a wide spectrum of benign and malignant
neoplasias.

Integration of high-risk HPV DNA into the host
genome is also a crucial event in cervical carcino-
genesis as it is found almost exclusively in high-
grade lesions and invasive cancer often in
association with progression and invasiveness [3].

Cancer development depends not only on effi-
cient negative regulation of cell cycle control
supporting the accumulation of genetic damage
but also on immune evasion that allows the virus
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to live undetected for a long time. Several studies
have described an increased prevalence and
recurrence of both cervical HPV infection and
invasive cervical cancer among HIV-1 positive
women compared to HIV-1 negative cases. An
upregulation of HPV E6 and E7 gene expressions
by HIV-1 proteins such as Tat has been also doc-
umented. Some results suggest that HIV-1 may
enhance cervical carcinogenesis by promoting
cell cycle progression [4].

Smoking has also been linked to the develop-
ment of cervical cancer [5, 6].

Women who lack access to healthcare and for
those who undergo sporadic screening remain at
risk. Although surgery (including fertility-sparing
surgery) is available for patients with early-stage
cancers, and chemoradiation plus high-dose-rate
brachytherapy can cure the majority of those with
locally advanced disease, patients with metastatic
and non-operable recurrent cervical cancer con-
stitute a high-risk population.

Squamous cell cervical carcinoma (SCC) rep-
resents approximately 80 % of cases, about 10 %
are adenocarcinoma and a small number are other
types. Cervical cancer develops through well-
defined premalignant lesions, which are known
as cervical intraepithelial neoplasia (CIN), rang-
ing from grades I to III.

While screening programs have decreased the
incidence of squamous cell cervical cancer, the
incidence of adenocarcinoma of the cervix has
risen from 5 to 24 % [7, 8]. Adenocarcinoma con-
fers a worse prognosis with higher rates of nodal
involvement, distant metastases, and decreased
survival across stages, compared with SCC [9].

Cervical squamous cell carcinoma and adeno-
carcinoma have distinct molecular profiles, sug-
gesting that clinical outcomes may be improved
with the use of more tailored strategies.

Genomic Alterations in Cervical
Cancer

A number of studies discovered several recurrent
genomic alterations in cervical carcinomas. A
recent study investigated 80 cervical tumors for
1250 known mutations in 139 cancer genes. Data

indicate that 60% of patients carry somatic
mutations, the most common of which were
PIK3CA (Phosphatidylinositol-4, 5-Bisphosphate
3-Kinase, Catalytic Subunit Alpha) and KRAS
(Kirsten rat sarcoma viral oncogene homolog).
The highest mutation rates were PIK3CA
(31.3%), KRAS (8.8%), and EGFR (3.8 %).
PIK3CA (Phosphatidylinositol-4, 5-Bisphosphate
3-Kinase, Catalytic Subunit Alpha) mutation
rates were not significantly different in adenocar-
cinoma and squamous cell carcinomas and were
associated with decreased survival. In contrast,
KRAS mutations were identified only in cervical
adenocarcinoma, and a novel EGFR (epidermal
growth factor receptor) mutation was detected
only in squamous cell carcinomas. There were no
associations between HPV-16 or HPV-18 and
somatic mutations or overall survival [10]. In
addition, E322K substitutions in the MAPKI1
(mitogen-activated protein kinase 1)/ERK1
(extracellular signal-regulated kinase 1) gene
appear recurrently in primary squamous cell car-
cinomas. SCC has higher frequencies of somatic
nucleotide substitutions occurring at cytosines
preceded by thymines (Tp*C sites) than adeno-
carcinomas [11].

HER2 (human epidermal growth factor
receptor 2) aberrations (overexpression or gene
amplification) occur in 1-21 % of cervical cancer
patients. Recent advances in large-scale genomic
analysis confirmed the existence of HER2 amplifi-
cation across many tumor types [12]. HER2 overex-
pression has been rarely (<20 %) reported in invasive
cervical cancer, and more frequently in adenocarci-
noma than in squamous cell carcinoma [13].

The most important evidence emerging from
these studies is that cervical squamous cell carci-
noma and adenocarcinoma have distinct molecu-
lar profiles; this might explain the observed
clinical differences. These studies encourage
further efforts to identify and target distinct
molecular subpopulations within cervical cancer
providing an important opportunity to improve
outcomes in women with both early and late-
stage disease. Enhanced understanding of tumor
heterogeneity will further enhance a multifaceted
approach to cancer treatment with the hope of
achieving a durable response.
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Epigenetic Alterations in Cervical
Cancer

Epigenetic alterations, such as aberrant miRNA
expression and changes in DNA methylation sta-
tus, promote the expression of oncogenes and the
silencing of tumor suppressor genes. Given that
some miRNA genes can be regulated through
epigenetic mechanisms, it has been proposed the
alteration in methylation status of miRNA pro-
moters could be the driving mechanism behind
their aberrant expression in cervical cancer. For
this reason, it is important to assess the relation-
ship among HPV infection, cellular DNA meth-
ylation, and miRNA expression. The alterations
in the methylation status of protein-coding genes
and various miRNA genes are influenced by HPV
infection, the viral genotype, the physical state of
the viral DNA, and viral oncogenic risk.

HPYV induces deregulation of miRNA expres-
sion, particularly at loci near fragile sites. This
deregulation occurs through the E6 and E7 pro-
teins, which target miRNA such as p53 [14].

Dysregulated miRNAs Involved
in Cervical Cancer

MicroRNAs (miRNAs) have become the center
of interest in oncology. MiRNAs are short non-
coding RNAs which function as oncogenes or
tumor suppressor genes and regulate gene
expression by controlling targets that play a role
in cancer development and progression.
Numerous recent studies have demonstrated that
miRNAs regulate gene expression by influenc-
ing important regulatory genes and thus are
responsible for causing cervical cancer. As
miRNA deregulation plays a crucial role in
malignant transformation of cervical cancer
along with its targets that can be evaluated for
both prognostic and therapeutic strategies. It has
been stated that HPV infection and E6/E7
expression are essential but not sufficient to lead
to cervical cancer development; hence other
genetic and epigenetic factors have to be involved
in this complex disease. Recent studies report an
important level of interaction among E6/E7 viral
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proteins and cellular miRNA, and other noncoding
RNAs. This interaction could affect therapeutic
response in tumor cells [15].

Circulating miRNA in Cervical Cancer

Circulating miRNAs have been proposed as diag-
nostic and prognostic biomarkers for gynecologi-
cal malignancies, including cervical cancer.

A recent study demonstrated that the circulat-
ing miRNAs, miR-646, miR-141* and miR-
542-3p, were differentially expressed in the serum
of cervical squamous cell carcinoma (SCC)
patients before and after surgery, and thus could
potentially serve as noninvasive biomarkers and
post-therapeutic monitors for cervical SCC [16].
The expression of miR-218 has been investigated
in the sera from cervical cancer patients and its
relationships with clinicopathological characteris-
tics. MiR-218 was reduced significantly in the sera
of cervical cancer patients. Moreover, decreased
miR-218 was reported to be associated with later
stages, cervical adenocarcinoma, and lymphatic
node metastasis [17]. In another study, the authors
found that the expression levels of miR-20a and
miR-203 were both significantly higher in cervical
cancer patients compared with healthy controls.
Patients with lymph node metastasis (LNM)
tended to have overexpression of miR-20a but
downregulation of miR-203. These results sug-
gested that the circulating miR-20a may be a
potential biomarker for detecting the lymph node
status of cervical cancer patients [18]. Since LNM
is one of the crucial clinicopathological features of
cervical SCC, numerous studies focused on the
detection of LNM. Chen et al. evaluated the
expression levels of miRNAs that dysregulated
between LNM (+) and LNM (-) SCC samples,
both in tissue samples and in sera of patients and
healthy controls. They identified six serum miR-
NAs that can predict LNM in cervical SCC
patients: miR-1246, miR-20a, miR-2392, miR-
3147, miR-3162-5p, and miR-4484. Furthermore,
they analyzed the prediction value of LNM using
comprehensive set of these serum microRNAs.
The predictive value of the serum miRNAs was
inferior to that in tissue, but far superior to serum
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SCC antigen (SCC-Ag) analysis, suggesting that
serum miRNAs are potential novel predictors of
LNM with clinical value in early-stage cervical
SCC [19]. This is a new interesting field of cancer
research but there will be a long way forward
before these findings can be used in clinical
practice.

DNA Methylation and MicroRNA
Expression in Cervical Cancer

DNA methylation of several human genes has
been shown to be also a relevant event for cervi-
cal carcinoma development. DNA methylation is
one of the epigenetic mechanisms that influence
gene transcription, chromatin structure, genomic
stability, and the inactivation of imprinted genes
and X chromosome [20].

Epigenetic modifications are just as important
as genetic modifications in terms of regulating
gene expression and controlling disease onset. It
has been shown that epigenetic silencing of some
miRNA genes is functionally involved in cervical
carcinogenesis [21, 22].

In normal tissues, epigenetic events such as
DNA methylation, histone acetylation and
expression of miRNAs, and other small RNAs
regulate the expression of genes participating in
the activation of differentiation processes as well
as cellular functions that contribute to cellular
homeostasis [23, 24]. Twenty-five years ago, it
was discovered that epigenetic modifications
participate in cancer development, leading to
uncontrolled cell proliferation [23]. One of the
most widely studied epigenetic mechanisms is
DNA methylation, a reversible reaction catalyzed
by DNA methyltransferase (DNMT) enzymes.
Alterations to the DNA methylation pattern,
which have also been described in cervical can-
cer, contribute to genomic instability, chromo-
somal rearrangements, and silencing of coding
and noncoding genes, such as miRNAs [21, 25].
Silencing of tumor suppressor genes through
DNA hypermethylation has been linked to the
development of different types of cancers, includ-
ing cervical cancer, and is frequently associated
with poor clinical results.

In patients and cervical cancer cell lines, it has
been observed that silencing of tumor suppressor
miRNAs through aberrant promoter methylation
enhances cervical carcinogenesis [26, 27]. It has
been assumed that HR-HPV (high-risk HPV) can
lead to modifications in the methylation pattern
of miRNA promoters [28]. Evidence suggests
that in cervical cancer, hypermethylation of
miRNA promoters contributes to the decreased
expression of miRNAs with tumor suppressor
gene functions and leads to overexpression of
miRNAs with oncogenic functions. Methylation
is an important mechanism in the HPV viral
cycle. Alterations to the methylation status of
cellular DNA are influenced by HPV infection,
the viral genotype, the physical state of the viral
DNA, and oncogenic risk. The E6 and E7 oncop-
roteins of HPV 16 induce the overexpression of
DNA methyltransferase enzymes, which can cat-
alyze the aberrant methylation of protein-coding
and miRNA genes that are susceptible to regula-
tion by methylation [29].

Advances in Translational Science

Since 1977, when Zur Hausen [30] discovered
that the infection of human papillomavirus (HPV)
is the major causative agent of cervical cancer,
numerous studies have been conducted and are in
progress. It has been determined that the relation-
ship between cervical cancer and HPV infection
is higher than the relationship between lung
cancer and smoking, and also higher than the
relationship between liver cancer and hepatitis
B virus [31].

Advances in the understanding of the role of
human papillomavirus (HPV) in the etiology of
high-grade cervical lesions and cervical cancer
have led to the development of two prophylactic
HPV vaccines. Vaccination against the HPV,
which is the major cause of cervical cancer, is a
significant step forward and represents a century
of successful translational research.

New biomarkers such as viral and cellular
methylation profiles could represent the most
accurate markers for cancer progression.
Nevertheless, results on the novel promising
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biomarkers are in general based on small sample
size, and additional clinical trials are needed to
determine the real clinical value of these new
treatments. The advent of pharmacogenomics
and targeted therapy has provided the opportu-
nity for tailored tumor treatment and with molec-
ular profiling of gynecologic tumor types comes
the added potential for discovering novel and
improved therapeutic strategies aimed at a specific
gene target.

Human Papillomavirus Vaccines

Human papillomavirus (HPV) types cause
approximately 90% of cervical cancer world-
wide [32]. In the last years, two new vaccines
against two/four types of human papillomavirus
(HPV) have been commercialized. Bivalent HPV
16 and 18 (Cervarix) and quadrivalent HPV 6,
11, 16, and 18 (Gardasil) vaccines are now exten-
sively used in some countries. At least 40 coun-
tries had implemented HPV vaccination in their
national immunization programs (NIPs) by the
beginning of 2012. Among these countries, the
United States, the UK, Canada, and Australia
were the first countries to execute the implemen-
tation. In 2007, only three European countries
had introduced HPV vaccine which then
increased to 22 countries who had introduced the
vaccine into their NIPs. While the target of most
country programs is young adolescent girls,
defined age groups vary by country to country.
Such various implementation strategies are
resulted from different healthcare infrastructure
and systems. In general, HPV vaccinations are
recommended for females aged minimum 11 to
maximum 26 years [33].

The high efficacy of the two available cervical
cancer vaccines and their proven ability to reduce
the incidence of cervical cancer precursor lesions
offer hope that the vaccine will have a significant
worldwide impact and may dramatically reduce
the cervical cancer incidence. The current vac-
cines protecting against HPV-16 and HPV-18 may
prevent up to 70 % of new cervical cancers. Data
from the trials together with postvaccine surveil-
lance indicates that they have a good safety
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profile. Vaccine cross-reactivity for HPV-31, -33,
-45, and -52 suggests that an even higher percent-
age of cervical cancers might be prevented with
its use [34]. Currently, the prohibitive cost of the
vaccine precludes its widespread implementation.
Cooperation between governments, international
health organizations, and the vaccine industry is
needed to overcome this significant barrier so that
women are no longer denied a potentially life-
saving advance. Worldwide HPV vaccination and
cervical cancer screening should be an interna-
tional priority [35].

Countries are now challenged by the rapid
development of vaccines aimed at the primary
prevention of infections. In the next future, sev-
eral vaccines will need to be considered as poten-
tial candidates in routine immunization programs.
The HPV vaccines will prevent infection and
long-running complications, such as cervical
cancer, other HPV-related cancers, and genital
warts (for the quadrivalent vaccine). These vac-
cines are expected to significantly reduce HPV-
associated morbidity and mortality. Unfortunately,
the effect of HPV vaccination in the incidence of
cervical cancer will not be perceived until about
20-30 years after a worldwide vaccination pro-
gram is introduced.

Although prophylactic vaccination will pro-
vide significant advantages in the health system,
cervical screening will need to be continued for
the whole population of women that is already
infected with HPV [36]. In the near future it is
likely that human papillomavirus (HPV) vaccina-
tion and HPV-based screening will be comple-
mentary strategies.

Antiangiogenic Therapy

In the last years, significant studies have been
made in the antiangiogenic field.

Tumor neovascularization has been demon-
strated to confer an aggressive course in cervical
cancer. Vascular endothelial growth factor
(VEGF) has emerged as an important therapeutic
target to inhibit angiogenesis in many solid
tumors [37]. Viral oncogenes E6 and E7 lead to
altered p53 and retinoblastoma protein function,
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ultimately resulting in increased VEGF expres-
sion. Sequestration of VEGF using monoclonal
antibody bevacizumab prevents tumor angiogen-
esis. The activity of bevacizumab in recurrent
cervical cancer was demonstrated in the phase II
study by the Gynecologic Oncology Group
(GOG) (protocol 227C) [38].

Recently, in a randomized phase II study the
protocol GOG240 was developed to evaluate
anti-angiogenesis therapy using bevacizumab in
advanced cervical cancer [39]. In 2013, the
National Cancer Institute and the GOG jointly
announced that GOG 240 demonstrated that
compared to chemotherapy alone, the incorpora-
tion of the anti-angiogenesis agent bevacizumab
led to significantly improved overall survival
(OS), progression-free survival (PFS), and
response rate without a significant worsening in
quality of life [40, 41].

The cisplatin-paclitaxel-bevacizumab combi-
nation from GOG 240 was listed as Category 2A
in the National Comprehensive Cancer Network
(NCCN) Clinical Practice Guidelines for Cervical
Cancer (NCCN Clinical Practice Guidelines in
Oncology. Cervical Cancer Version 1.2014
NCCN.org). Bevacizumab is the first anti-
angiogenesis agent to demonstrate an OS advan-
tage in a gynecologic malignancy. On these
bases, in the future other classes of anti-
angiogenesis agents should be studied in the ther-
apy of cervical cancer.

Immunotherapy

The rationale for immunotherapy in cervical
cancer is based on the causative role of HPV
infection in this disease.

The immunologic aspect of cervical cancer
induces some considerations regarding the func-
tion of T regulatory cells and other immunologic
factors involved in the cellular immune response.

HPV infection triggers a cellular immune
response involving regulatory T cells in HPV-
associated malignancies [42].

The CTLA-4 receptor on T lymphocytes is a
negative regulator of T-cell activation that out-
competes CD28 for binding to B7 on antigen-

presenting cells, thus playing a role of immune
checkpoint molecule. When programmed cell
death 1 (PD-1) binds to its ligand PD-L1 present
on tumor cells, the ability of the activated T cell
to produce a strong immune response is decreased
[43]. Each of these immunologic factors needs to
be considered for the development of active
immunotherapies.

Monoclonal antibodies targeting both PD-1
and PD-L1 currently are being developed to
interrupt this pathway and to improve the antitu-
mor immune response and may have a role in the
treatment of cervical cancer.

The use of bacterial vectors directed against
E7 has been shown to induce tumor regression in
animal models [44], and a phase II trial with a
live-attenuated Listeria monocytogenes vaccine
suggests it may have activity in patients with cer-
vical cancer. The results of this new strategy have
been reported at the 2013 American Society of
Clinical Oncology Annual meeting. More than
100 women with recurrent cervical cancer have
been treated and 63 % were still alive at 6 months
of follow-up, with evidence of both complete and
partial responses in 12 patients.

These promising results opened the way to a
trial in the United States using the same live-
attenuated L. monocytogenes cancer vaccine.

A small phase II study used an approach called
tumor-infiltrating lymphocyte (TIL) therapy, which
has had some success in treating metastatic mela-
noma and B-cell malignancies. The researchers
isolated T cells from patients’ tumors and selected
those with reactivity with HPV oncoproteins E6
and E7. The TILs were then expanded and infused
back into each patient, along with IL2, a T-cell
growth factor. All nine patients in the study had
either HPV-16 or HPV-18 infections, which
together cause about 80 % of cervical cancer. Two
women with widespread metastases and chemo-
therapy-resistant disease achieved complete and
lasting remissions of 11 and 18 months, respec-
tively, at the time of analysis. The researchers are
now exploring why this therapy was highly effec-
tive in only some women. However the study’s
results are limited but impressive considering that
the patients treated are young women who failed
multiple attempts at antitumor therapy [45].
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In the early phases of viral carcinogenesis
several different antiviral approaches have been
considered, mainly acting through the inhibition
of the oncoprotein E6 and E7 directly or by inter-
fering with their related functions [46, 47].
Lopinavir, an antiviral agent employed in HIV
disease, interacts with p53 and has shown activity
in cervical cancer cell lines, suggesting a possible
clinical use [48]. Finally, cidofovir, an acyclic
nucleoside phosphonate with a broad spectrum
antiviral activity, has been topically employed in
CIN2/CIN3 lesions in a randomized trial, with
encouraging results [49].

The Importance of Alpha/Beta
Interferon Receptors

for the Treatment of Cervical
Intraepithelial Neoplasias

Interferon-alpha/beta has been shown to play a
key role in mediating immune responses.

Interferons (IFNs) are inducible glycoproteins
that have immunomodulatory, antiviral, antipro-
liferative, and antiangiogenic effects. In particu-
lar, interferon-alpha (IFN-a) has been shown to
inhibit the development and progression of cervi-
cal cancer [50].

Based on the antiviral and antitumor potential
of IFNs, numerous studies have explored their
effects on the immune system, in particular the
ability of IFNs to enhance the treatment of differ-
ent types of cancer. The presence of IFN recep-
tors has been associated with an improved
response to immunotherapies involving IFN-a.
Both IFN-a and IFN-f bind the same receptors,
and these receptors are expressed by many differ-
ent type of cells [51].

Variations in the concentration and the num-
ber of receptors expressed by a cell can affect the
intensity of the responses caused by the stimula-
tion to IFN-o/f [52].

When expression of receptors in patients with
different grades of CIN was analyzed versus a
healthy control group, both lower local levels of
IFN-o mRNA and reduced expression of IFN-a
receptors were detected in the patients with
CIN. These findings suggest that IFN-o immuno-
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therapy can be ineffective if there is an inadequate
number of receptors present on the cell surface,
and may represent a mechanism by which HPV
and neoplastic cells can elude the immune
response [50].

The cervical intraepithelial neoplasias (CINs)
are considered the precursors of cervical cancer;
their early detection and subsequent intervention
can potentially prevent tumor development.

A recent study demonstrated that immuno-
therapy with IFN-a 2b administrated intralesion-
ally in patients with CIN II/III produces favorable
results in patients who do not smoke [53].

Ongoing Clinical Trials

Clinical trials are studies of new, innovative cancer
treatments. Clinical trials are the instrument to find
better ways to prevent, diagnose, and treat cancer.
Each new treatment study goes through four
phases. Patients join clinical trials at specific
phases. A clinical research team selects women
who are mostly likely to benefit from a particular
investigational therapy and guide patients through
the process of enrolling in the most appropriate
clinical trial. If a patient is eligible to participate in
a clinical trial, she may have access to new thera-
pies that are not yet widely available. The aim of
clinical trials is to improve treatment outcomes,
which includes tumor response and quality of life.

Antiangiogenetic Agents

Overexpression of the vascular endothelial
growth factor (VEGF) family proteins is associ-
ated with poor prognosis in many cancers, includ-
ing squamous and adenocarcinomas of the cervix,
and usually correlates with advanced stages and
lymph node metastases [54, 55].

Complex interactions occur among VEGF
pathway and several growth factors, including
epidermal growth factor receptor (EGFR), and
other pathways involving receptor tyrosine
kinases (RTKs) have also been implicated in the
development and progression of cervical cancer
[56, 57].
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Receptor Tyrosine Kinase (RTK)

Inhibitors

Novel VEGF RTK inhibitors, such as imatinib,
sunitinib, cediranib, sorafenib, and pazopanib,
are being tested in phase I-1I clinical trials in cer-
vical cancer.

Cediranib is being tested in combination with
carboplatin, paclitaxel, or temsirolimus in phase
II (NCTO01229930) and phase 1 trials
(NCTO01065662) in advanced cervical cancer.

Other compounds targeting angiogenesis,
such as brivanib, an oral dual inhibitor of VEGF
and the fibroblast growth factor (FGF) receptors,
are currently under clinical evaluation
(NCTO01267253).

Bevacizumab in Recurrent

and Metastatic Cervical Cancer
Bevacizumab, a humanized monoclonal antibody
directed against VEGF, was the first clinically
available antiangiogenetic agent successfully
tested in many solid tumors including cervical
cancer [58].

Patients with advanced, recurrent, or persis-
tent cervical cancer that was not curable with
standard treatment who received the drug beva-
cizumab lived 3.7 months longer than patients
who did not receive the drug according to find-
ings from a large, randomized clinical trial. The
clinical trial, known as GOG240, was sponsored
by the National Cancer Institute (NCI), part of
the National Institutes of Health, and conducted
by a network of researchers led by the
Gynecologic Oncology Group (GOG). The trial
was designed to answer two questions: whether
topotecan in combination with paclitaxel was
superior to cisplatin and paclitaxel in combina-
tion, and whether the addition of bevacizumab to
either regimen improved overall survival. The
study achieved its primary endpoint of demon-
strating improved overall survival in patients
who received bevacizumab, which also means
that it delayed the chance of dying from the dis-
ease. However, patients receiving bevacizumab
experienced more side effects than those who
did not. These side effects were consistent with
side effects previously reported to be associated

with bevacizumab and included hypertension,
neutropenia, and thromboembolism, or forma-
tion of blood clots. Quality of life during the trial
was not significantly different between the
patients who received bevacizumab and those
who received chemotherapy alone. The purpose
of bevacizumab is to block the blood supply that
feeds the tumor. The drug was designed to bind
to and inhibit vascular endothelial growth factor
(VEGF). VEGEF is a protein that plays a crucial
role in tumor blood vessel growth. A total of 452
patients in the United States and Spain with met-
astatic, recurrent, or persistent cervical cancer
not curable with standard treatment were
enrolled between 2009 and 2012 [40].

Radiation, Cisplatin Chemotherapy,
and Triapine Treatment

National Cancer Institute phase I and phase II
clinical trials explored the safety and efficacy of
triapine added to cisplatin radiochemotherapy in
untreated patients with advanced-stage cervical
cancer. The rationale for these two clinical trials
in cervical cancer management is based on the
ability of triapine to inhibit ribonucleotide reduc-
tase activity.

Triapine may stop the growth of tumor cells
by blocking some of the enzymes needed for cell
growth. Cisplatin works in different ways to stop
the growth of tumor cell, either by killing the
cells or by stopping them from dividing.
Radiation therapy uses high-energy x-rays to kill
tumor cells. Giving triapine together with cispla-
tin may make tumor cells more sensitive to radia-
tion therapy.

Between 2006 and 2011, 24 untreated
patients with cervical cancer met the criteria for
enrolling these clinical trials. Triapine added to
cisplatin radiochemotherapy resulted in a low
treatment-related adverse event rate and pro-
duced a 3-year disease-free survival rate of
80 % [59]. The antitumor effect of ribonucleo-
tide reductase inhibition by triapine represents
an important advancement in cervical cancer
treatment.
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Histone Deacetylase (HDAC)
Inhibitors

Trichostatin A, an HDAC inhibitor, can compete
with E6 for p53 binding, resulting in p53 hyper-
acetylation and increased apoptosis, and clinical
trials in combination with chemoradiation are
ongoing [60, 61].

Preliminary results of a phase III randomized
trial of hydralazine-valproate versus placebo
added to cisplatin/topotecan showed a signifi-
cant advantage in PFS (progression-free sur-
vival) for epigenetic treatment over one of the
current standard combination chemotherapies in
cervical cancer [62]. The combination of hydral-
azine and valproate, a DNMT (DNA methyl-
transferase) and HDAC inhibitor, respectively,
has been developed as epigenetic therapy.

Antioxidants

Oxidative stress is receiving great interest for its
role during the progression of neoplasias. Several
risk factors of cervical cancer development, such
as exposure to cigarette smoke and chronic
inflammation, are well documented to increase
oxidative stress, which could account for higher
risk of cervical cancer in these two conditions
[63, 64].

Among antioxidant agents, polyphenols dem-
onstrated to inhibit the proliferation of HPV-
positive cancer cells and have been found to be
promising drugs for cervical cancer. Polyphenols,
from natural and herbal extract, are raising great
interest as powerful and safe anticancer strategy
for their broad range targeting potential and low
side effects [65].

Ongoing clinical trials show encouraging pre-
liminary data. In a randomized clinical trial, anti-
oxidant supplementation in patients treated with
chemotherapy and radiotherapy apparently
decreased oxidative stress; however, more studies
are needed to study the long-term effect of this
treatment [66].
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Conclusions

Because of the high incidence of cervical cancer
worldwide, big efforts have been made by
researchers to understand molecular mechanisms
involved in cervical carcinogenesis and to
develop new strategies of cure and prevention of
this insidious disease. Advances in the under-
standing of the role of human papillomavirus
(HPV) in the etiology of high-grade cervical
lesions and cervical cancer have led to the devel-
opment of two prophylactic HPV vaccines.
Vaccination against the HPV, which is the major
cause of cervical cancer, is a significant step for-
ward. At least 40 countries had implemented
HPV vaccination in their national immunization
programs (NIPs) by the beginning of 2012. The
current vaccines protecting against HPV-16 and
HPV-18 may prevent up to 70 % of new cervical
cancers. The high efficacy of the two available
cervical cancer vaccines and their proven ability
to reduce the incidence of cervical cancer precur-
sor lesions offer hope that the vaccine will have a
strong worldwide impact and may significantly
reduce the cervical cancer incidence. There are
several approaches for the prevention of cervical
cancer, and in the near future it is likely that
human papillomavirus (HPV) vaccination and
HPV-based screening will be complementary
strategies.

Cervical cancer harbors high rates of poten-
tially targetable oncogenic mutations. Genomics
investigations have documented gene mutations
in important regulatory pathways.

Emerging data have suggested that there are
molecular alterations present in cervical cancer
that differ by histologic subtype. Distinct
genomic alterations occur in squamous cell carci-
noma and adenocarcinoma of the cervix, which
encourage further studies to identify and target
distinct molecular subpopulations within cervical
cancer. Clinical outcomes may be improved with
the use of more tailored treatment strategies,
including PI3-Kinase and MEK inhibitors. The
use of intracellular antibodies to inhibit protein
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function is a promising treatment for a large
number of human diseases. Among the most
investigated molecular targets are epidermal
growth factor receptor (EGFR) and vascular epi-
thelial growth factor (VEGF) signaling pathways,
both playing a crucial role in cervical cancer
development [67]. As a result of screening, most
cervical cancers can be identified early and cured
with surgery. Chemotherapy is reserved exclu-
sively for the treatment of patients with meta-
static or recurrent disease.

Early cervical cancer may be preventable, and
when found is highly curable. Advanced and
recurrent cervical cancer remain both a very rare
challenge, with approximately 4000 cases diag-
nosed per year in the United States [68].
Moreover, there is also a clinical need for preneo-
plastic lesions. The biological behavior underly-
ing CIN2—-CIN3 is still uncertain, since only an
unpredictable part of them will progress to inva-
sive cancer when untreated. Thus, a therapeutic
strategy able to interrupt the progression to
malignancy for this wide subset of patients
remains a significant challenge.

New frontiers in the treatment of cervical can-
cer are currently represented by antiangiogenic
and immunologic therapies.

A number of clinical trials have been designed
to validate new options of treatment for cervical
cancer based on the use of antiangiogenic factors
or novel immunotherapeutic approaches.
Preliminary results on antiangiogenetic agents in
cervical cancer are encouraging, and many other
clinical studies are ongoing, but larger phase III
trials are needed to better define the role of agents
targeting angiogenesis in this  disease.
Bevacizumab, a humanized monoclonal antibody
directed against VEGF, was the first clinically
available antiangiogenetic agent successfully
tested in many solid tumors, including cervical
cancer [58].

Among antiangiogenetic agents, novel EGF
RTK (receptor tyrosine kinase) is being tested in
phase I-II clinical trials in cervical cancer [69].

Unfortunately, conducting clinical trials in
patients with cervical cancer is becoming

increasingly difficult depending on multiple
factors. A small number of women are eligible
for clinical trials, and the accessibility to these
trials is poor for some of those women who are
candidates because of limited resources. There
are also logistical issues in the conduction of
international collaborations.

Translational studies are currently focusing on
understanding the key points involved in the
malignant transformation and progression of cer-
vical cancer, trying to better elucidate the mecha-
nisms involved in this complex carcinogenesis
and aiming to identify valid prognostic and pre-
dictive biomarkers for the selection of more per-
sonalized treatments.
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Abstract
Bevacizumab, a recombinant monoclonal antibody against vascular endo-
thelial growth factor (VEGF), has gained European Medicine Agency
approval for the frontline treatment of advanced epithelial ovarian cancer,
fallopian tube cancer, or primary peritoneal cancer in combination with
carboplatin and paclitaxel, and for the treatment of first recurrence of
platinum-sensitive ovarian cancer in combination with carboplatin and
gemcitabine. The addition of bevacizumab to standard chemotherapy as
frontline treatment (GOG-0218 and ICON7) or in recurrent disease
(OCEANS and AURELIA) shows significant efficiency. Promising data
have been published for a number of emerging antiangiogenic agents.

Currently, single agent trabectedin is approved for treatment of patients
with advanced soft tissue sarcoma after failure of anthracyclines and ifos-
famide, and in association with pegylated liposomal doxorubicin for treat-
ment of patients with relapsed partially platinum-sensitive ovarian cancer.
In particular, its peculiar mechanisms of action suggest its potential activ-
ity in specific subsets of ovarian cancer patients endowed with BRCA
mutation or the so-called BRCAness phenotype (i.e., serous, high-grade
carcinomas; repeated response to platinum-based regimens); this is likely
to enlarge in the future the clinical settings in which candidates can take
advantage of even single agent trabectedin.

PARP inhibitors are proteins involved in the base excision repair of
DNA single-strand breaks and represent one of the most promising
targeted therapy demonstrating single-agent activity in BRCA-related and
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sporadic high grade serous ovarian cancer. Active search is ongoing in
order to define biomarkers predictive of response to these novel treat-
ments, and also to help clarify the biological mechanisms sustaining the
achievement of long-lasting stable disease.

Keywords
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Epithelial ovarian cancer (EOC) is diagnosed at
an advanced stage in most patients due to the lack
of effective screening tests for early detection.
The worldwide incidence is 225,500 diagnoses
per year; in the USA in 2014, 21,980 women
have been diagnosed with ovarian cancer. Global
mortality of this cancer remains high, with
140,200 deaths per year, and minimal improve-
ment in mortality rate has been observed over the
past decade [1, 2].

Primary debulking surgery (PDS) remains the
cornerstone in the surgical approach for women
with advanced disease. After surgical cytoreduc-
tion, the treatment of choice for patients with
advanced EOC (FIGO stage IIB-IIIC) is
platinum-based chemotherapy (six cycles of car-
boplatin plus paclitaxel [CP] given every 3
weeks). Recently a modified CP regimen with
weekly paclitaxel resulted in better long-term
outcome than the 3-weekly regimen in a phase I11
study in Japanese women with advanced ovarian
cancer [3], with confirmatory findings reported in
European women in the randomized, multicenter
phase III MITO-7 study [4], and in the chemo-
therapy arm of the phase III GOG-0262 trial [5].
This regimen has now been included in the
NCCN treatment guidelines [6].

Although approximately 80% of patients
respond to frontline chemotherapy, more than
70 % of patients with advanced stage disease recur
within 5 years and develop drug resistance.

Neoadjuvant chemotherapy (NACT) followed
by interval debulking surgery (IDS) has been recog-
nized as a valuable therapeutic option in patients
unsuitable for complete PDS because of their gen-
eral performance status or of extensive disease [7].

For recurrent disease, the treatment choice is
based on the timing and nature of the recurrence
and the extent of prior chemotherapy. Most
patients with advanced ovarian cancer will recur
according to two patterns: the subgroup with
platinum-sensitive recurrence (defined as cancer
recurring 6 months after the last platinum), and
patients with recurrent platinum-resistant disease
(defined as cancer recurring <6 months after last
platinum). Patients that recur between 6 and 12
months of initial treatment may respond to a rechal-
lenge with a platinum plus taxane therapy, whereas
those who relapse earlier or develop significant tox-
icity may be given pegylated liposomal doxorubi-
cin, gemcitabine (in combination with platinum),
etoposide, Alkeran, topotecan, and/or hexamethyl-
melamide [8]. Unfortunately, the response rate to
these agents is generally less than 30%, and sur-
vival benefits have not yet been reported.

More effective treatment strategies, particu-
larly molecular targeted agents, are required to
improve outcomes for women with advanced
ovarian cancer.

Antiangiogenetic Inhibitors

The vascular endothelial growth factor (VEGF)-
mediated angiogenesis plays a vital role in the
development and progression of ovarian cancer.
Several studies found VEGF serum levels to be
an independent prognostic factor for OS in multi-
variate analysis [9]. Thus, a number of antiangio-
genic agents are currently in development as
potential treatment options for patients with
advanced disease.
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Bevacizumab

It is a recombinant, humanized, monoclonal anti-
body that binds to all isoforms of VEGF and is
indicated for treatment of several solid tumors
(such as metastatic colorectal cancer, non-small-
cell lung cancer, metastatic renal cell carcinoma,
and glioblastoma) in combination with cytotoxic
chemotherapy. Recently, the European Agency
has approved bevacizumab, in combination with
CP, for the frontline treatment of patients with
advanced EOC, fallopian tube cancer or primary
peritoneal cancer and, in combination with car-
boplatin and gemcitabine (CG), for the treatment
of first recurrence of platinum-sensitive ovarian
cancer. Efficacy data are available from four ran-
domized, double-blind, phase III trials of bevaci-
zumab in advanced ovarian cancer: GOG-0218
[10] and ICONT7 [11, 12] in the frontline treat-
ment setting and OCEANS [13, 14] and
AURELIA [15] in patients with recurrent dis-
ease. The GOG-0218 enrolled 1873 women with
newly diagnosed stage III or stage IV EOC to
receive CP with placebo or CP with bevacizumab
from cycles 2—-6 and placebo from cycles 7-22
(bevacizumab initiation) or CP with bevacizumab
(bevacizumab throughout). Compared with the
control arm, the primary endpoint of PFS was
longer in the bevacizumab initiation arm and sig-
nificantly longer in the bevacizumab throughout
arm (median 14.1 vs 10.3 months; p<0.001). In
the ICON7 study, 1528 women with high risk
early stage ovarian cancer were randomized to
receive frontline CP or CP plus bevacizumab
followed by bevacizumab for a maximum of 12
months. A statistically significant increase in
PFS was noted in the bevacizumab arm compare
to the CP arm (median 19.0 vs 17.3 months,
p=0.004). In the OCEAN study a total of 484
patients whose disease had recurred >6 months
after frontline platinum-containing chemother-
apy were randomized 1:1 to receive gentamicin
plus bevacizumab or gentamicin plus placebo.
The addition of bevacizumab to gemcitabine sig-
nificantly increased PFS compared with placebo
(»<0.0001). The AURELIA trial is investigating
the combination of bevacizumab and chemother-
apy in platinum-resistant recurrent ovarian can-

cer cells. A statistically significant and clinically
meaningful improvement in PFS (p<0.001) and
in overall response rate (p=0.001) was observed
in the bevacizumab plus chemotherapy group
compared with the chemotherapy alone group.

Bevacizumab is actually being evaluated in a
large number of ongoing, randomized, phase I1I tri-
als in ovarian cancer (National Cancer Institute.
http://www.clinicaltrialsgov/show/NCT00565851;
and NCT01462890 and NCTO01167712). Safety
results from these studies are awaited. Furthermore,
several trials are assessing the efficacy and safety
of bevacizumab in combination with novel targeted
agents.

Cediranib

Antiangiogenic agents in recurrent ovarian cancer
have not demonstrated OS benefits until just
recently. In ICON6, combination of the oral
VEGFR tyrosine kinase inhibitor cediranib [16]
with platinum-based chemotherapy in platinum-
sensitive recurrent ovarian cancer, followed by
cediranib maintenance, improved OS in a prelimi-
nary analysis [17]. PFS improved from 9.4 months
of the arm with chemotherapy alone to
12.6 months of the cediranib/chemotherapy arm,
while OS increased from 17.6 to 20.3 months,
respectively (hazard ratio, 0.70; p 14 0.0419).
Although trials of various antiangiogenetic agents
have demonstrated progression-free survival
(PFS) benefit in randomized trials [18], only
recently, the addition of cediranib to platinum-
based chemotherapy in patients with platinum-
sensitive recurrent ovarian cancer resulted in a
significant increase in OS [19].

Trabectedin (ET-743)

Among the pharmaceutical options currently
available for the medical treatment of ovarian
cancer, much emphasis has been progressively
placed on trabectedin (ET-743, Yondelis®; Zeltia,
Madrid, Spain, and Johnson & Johnson, New
Brunswick, NJ, USA), which had gained much
attention because of its unique mechanism of
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action and the demonstration of clinical activity
in ovarian cancer as well as other solid malignan-
cies. Since 2007, trabectedin represents the first
anticancer marine-derived drug that has obtained
marketing authorization from the European
Medicines Agency (EMA), and from many other
countries worldwide for treatment of patients
with advanced soft tissue sarcoma. Moreover,
based on the reported results of OVA-301 Phase
Il randomized study [20], in 2009 EMEA
granted marketing authorization for trabectedin
combined with pegylated liposomal doxorubicin
(PLD) for treatment of patients with relapsed
partially platinum-sensitive ovarian cancer [21].
In the USA the New Drug Application (NDA) for
trabectedin when administered in combination
with Doxil (doxorubicin HCI liposome injection)
for the treatment of women with relapsed ovarian
cancer has been submitted to Food and Drug
Administration (FDA) in 2008. However, the
agency has requested additional information,
including overall survival data from the compa-
ny's ongoing pivotal trial and additional clinical
pharmacology studies.

V. Masciullo et al.

Trabectedin is a marine-derived tetrahydroiso-
quinoline alkaloid with antitumor activity, origi-
nally isolated from the tunicate Ecteinascidia
turbinata and currently synthetically produced
[22]. In particular, its peculiar structure might
allow the drug to interact with DNA through a
covalent binding at the N2-guanine at the minor
DNA groove, This binding induces a bend of the
helix toward the major groove and a DNA dam-
age; this is recognized by the nucleotide excision
repair (NER) system, and results in the accumu-
lation of ternary DNA—trabectedin protein repair
complexes which lead, after collision with the
replication fork, to the formation of double-
strand DNA breaks, block of cell cycle, and
induction of p53-independent  apoptosis
(Fig. 4.1). Besides these direct effects on the
DNA helix, trabectedin is able to interfere with
transcription regulatory pathways in a promoter-
and gene-dependent manner, as well as in a cell-
dependent fashion; in particular, trabectedin has
been shown to inhibit binding of transcription
factors to DNA, thus blocking their transactivat-
ing effects. Very recent studies have also high-
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Fig.4.1 Mechanism of action of trabectedin. EGF epidermal growth factor, VEGF vascular endothelial growth factor
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Table 4.1 Phase II studies with trabectedin single agent or in combination

Type of Patients
Author study (no.) Dose, schedule
Sessa Phase II All 59 1.3 mg/m?, q21-d
et al. [60] Res 19
Sen 30
Krasner | Phase II All 147 0.58 mg/m? (3-h),
etal. [61] Res 81 weekly for 3
Sen 66 weeks, q28-d
Del Randomized | ArmI55 | 1.5 mg/m? (24 h),
Campo phase 11 Arm 2 53 |921-d vs 1.3 mg/
et al. [62] m? (3-h), g21-d
Lo Russo | Phase II All 94 Trabectedin
etal. [63] Res 48 1.3 mg/mqi.v. q
Sen 46 3 weeks

lighted that trabectedin could exert its antitumor
activity by targeting some normal host cells.
In particular, trabectedin has been shown to
selectively deplete blood monocytes and tumor-
associated macrophages in tumor-bearing mice
as well as in tissue biopsies from soft tissues sar-
coma and ovarian cancer patients [23].

Phase 1 studies reported neutropenia and
thrombocytopenia as the most frequent dose-
limiting toxicities (DLT). Hepatotoxicity con-
sisted mainly of elevation of transaminases; this
toxicity was consistently reported to increase
with trabectedin area under the curve (AUC),
although it was always reversible (duration
between 3 and 4 weeks), and not dose limiting.
Moreover, hepatotoxicity was even lower when
the dose was divided over 5 days compared to the
single-dose schedule. Earlier preclinical studies
have demonstrated a synergistic effect of the
combination of trabectedin with platinum [24].
The rationale relies on the available evidences
about the molecular target of the two drugs.
Platinum agents hit the major groove of DNA,
thus inducing DNA damage which is repaired by
the HRR system. On the other hand, trabectedin
activity requires an efficient NER machinery.
Overall, the combination of trabectedin with the
most commonly used agent in ovarian cancer
(PLD, paclitaxel, or gemcitabine) was demon-
strated to be feasible and endowed with some
antitumor activity [25].

Patients | Platinum-
with <2 | resistant Median
previous | patients Response | PFS Median
lines (%) | (%) rate (%) (mts) OS (mts)
37 32.0 All 22 na na
Res 7
Sen 43
All 31 55.0 All 16.3
Res 35 Res 6.3 2.0 11.1
Sen 26 Sen 29.0 5.1 nr
40.7 9.2 Arm1389 6.1
28.3 3.8 Arm 2358 6.8 na
10.1 51.0 All 39.4 18
Res 31.2 3.0
Sen 47.8 6.0

A summary of Phase II studies using trabect-
edin as a single agent in ovarian cancer is pre-
sented in Table 4.1. The whole series in each
study shows a response rate ranging between
16.3 and 38.9 %. As expected, in the subgroup of
platinum-resistant patients, the rate of response
was low (6.3-7%), while in patients with
platinum-sensitive disease trabectedin was able
to induce objective response between 29.0 and
43.0%. A pooled analysis of the available phase
IT studies reported an objective response rate of
26 %, a median duration of response of 5.5
months, and a very encouraging rate of stable dis-
ease in almost 30 % of cases [26]. Interestingly
enough, patients administered the 3-weekly
schedule exhibited a higher response rate com-
pared to cases administered the weekly regimen
(36.0% vs 16.0%, p=0.0001). Finally, it has to
be emphasized that trabectedin activity does not
seem to be related to the amount of previous che-
motherapy lines [27]. All phase II studies high-
lighted the promising activity of trabectedin
single agent, especially in patients with platinum-
sensitive disease, as well as a manageable and
noncumulative toxicity profile of the drug.

The Phase III trial OVA-301 (NCT00113607),
planned in 2005, aimed at comparing trabectedin
1.1 mg/m?PLD 30 mg/m? every 21 days versus
PLD 50 mg/m? every 28 days in ovarian, perito-
neal, and tubal cancer recurring/progressing after
first-line chemotherapy, with the exclusion of
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refractory cases [28]. Overall, 672 patients were
enrolled (337 allocated to trabectedin/PLD versus
335 allocated to PLD). In the whole series, the
response rate, as assessed by independent radiol-
ogy review by RECIST (Response Evaluation
Criteria in Solid Tumors), was significantly
higher in trabectedin/PLD than PLD alone group
27.6% vs 18.8%, p=0.008). In platinum-
resistant cases (n=242), no difference in response
rate was observed in the combination versus PLD
alone (13.4% vs 12.2%, respectively), while
platinum-sensitive patients showed a higher
response rate to trabectedin/PLD compared to
PLD (35.3% vs 22.6 %; p=0.0042). A very recent
cost-effectiveness analysis based on the final sur-
vival data of the OVA-301 study confirmed a sig-
nificant improvement of OS, and an increased
cost-effectiveness ratio per quality-adjusted life-
year compared to the original evaluation [29].
Based on these data, novel clinical trials are
ongoing. The Inovatyon (International Ovarian
Cancer Patients Trial with Yondelis) study
(NCTO01379989) investigates the superiority of
trabectedin/PLD versus carboplatin/PLD in par-
tially platinum-sensitive disease. Moreover, due
to the strong rationale sustaining the role of
BRCA 1/2 mutation or BRCAness in condition-
ing responsiveness to trabectedin, the MITO-15
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(Multicenter Italian Trials in Ovarian Cancer and
Gynecology) study (NCT01772979) has been
conducted to investigate the efficacy of single
agent trabectedin in relapsed ovarian cancer with
BRCA mutation or exhibiting the BRCAness
phenotype. The trial has recently closed patient
accrual, and analysis of data is ongoing. Recently,
a Phase II study (NCT01735071) is assessing the
efficacy and safety of the combination trabecte-
din and bevacizumab with or without carboplatin
in partially platinum-sensitive recurrent ovarian
cancer patients. Active search is also ongoing in
order to define biomarkers predictive of response
to trabectedin treatment, and also to help clarify
the biological mechanisms sustaining one of the
special features of trabectedin activity, namely
the achievement of long-lasting stable disease.

Poly(ADP-Ribose) Polymerase
(PARP) Inhibitors

PARP inhibitors are the most interesting new
class of targeted therapy in ovarian cancer demon-
strating single-agent activity in BRCA-related
and sporadic high grade serous ovarian cancer.
PARP proteins are involved in the base excision
repair of DNA single-strand breaks (Fig. 4.2).

Fig.4.2 Mechanism of Normal cell
action of PARP BRCA 1/2 +/-
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LOH loss of
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Tumor cell
BRCA 1/2 +/-
PARP Active
|nh|b|tor BRCA 1/2 Resistant
tumor cell
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Cells lacking BRCA show defects in DNA repair
by homologous recombination and are 1000-fold
more sensitive to PARP inhibitors [30]. The sensi-
tivity to PARP inhibitors is also evident in high
grade serous ovarian cancer. Phase III PARP
inhibitor studies are ongoing for treatment of
newly diagnosed germ line BRCA-mutated can-
cers and of platinum-sensitive recurrent ovarian
cancer. Maintenance monotherapy with the PARP
inhibitor olaparib significantly prolonged pro-
gression-free survival (PFS) than placebo (8.4 vs
4.8 months) in patients with platinum-sensitive
relapsed high grade serous ovarian cancer [31].
The presence of a BRCA mutation was not
required for study entry, although a significant
number of patients carried a BRCA mutation (97
out of 265 patients (36.6 %)). A recent study has
shown that patients with germ line or tumor
BRCA mutation have a median PFS significantly
longer in the olaparib maintenance group than in
the placebo group (11.2 vs 4.3 months). Overall
survival did not significantly differ between the
groups [32]. These results lead to a phase III trial
named SOLO1 (Olaparib Monotherapy in Patients
with BRCA Mutated Ovarian Cancer Following
First Line Platinum Based Chemotherapy; http://
clinicaltrials.gov/show/NCT01844986) based on
olaparib 300 mg as maintenance therapy in plati-
num-sensitive patients after first line chemother-
apy. Actually, Olaparib is also being evaluated in
BRCA mutated, platinum-sensitive, recurrent
ovarian cancer in a phase III trial named SOLO2
(Olaparib Treatment in BRCA Mutated Ovarian
Cancer Patients After Complete or Partial
Response to Platinum Chemotherapy; http://clini-
caltrials.gov/show/ NCT01874353).

The efficacy of olaparib has also been tested in
an open-label, randomized, phase II study, for
BRCA1/2 mutated patients with recurrent ovar-
ian cancer (within 12 months of prior platinum
therapy). Median PFS was 6.5 months (95 %
CI, 5.5-10.1 months), 8.8 months (95 % CI,
5.4-9.2 months), and 7.1 months (95% CI,
3.7-10.7 months) for the olaparib 200 mg twice
per day, the olaparib 400 mg twice per day, and
pegylated liposomal doxorubicin (PLD) 50 mg/m?
administered intravenously, respectively.

However, differences among groups were not
statistically significant [33]. Evidence of efficacy
of olaparib in combination therapy with carbo-
platinum/paclitaxel and subsequent maintenance
treatment derived from a phase II trial recently
published by Oza et al. [34] demonstrating that
median progression-free survival was signifi-
cantly longer in the arm with olaparib plus che-
motherapy group (12.2 months) than in the arm
with chemotherapy alone (9.6 months) (HR 0.51
[95% CI, 0.34-0.77]; p=0.0012), especially in
patients with BRCA mutations (HR 0.21 [0.08—
0.55]; p=0.0015). Results from the SOLO1 and
SOLO?2 trials will help to clarify the role of
olaparib in treatment of primary and recurrent
ovarian cancer.

Rucaparib (AG-014699) is a PARP inhibitor
with a similar action to olaparib, actually tested
in two trials: (1) ARIEL2 aimed to evaluate spe-
cific biomarkers to predict sensitivity to rucapa-
rib (A Study of Rucaparib in Patients With
Platinum-Sensitive, Relapsed, High-Grade
Epithelial Ovarian, Fallopian Tube, or Primary
Peritoneal Cancer; http://clinicaltrials.gov/show/
NCT01891344) and (2) ARIEL3, a randomized,
double-blind phase III study comparing rucapa-
rib to placebo in ovarian cancer patients plati-
num sensitive (A Study of Rucaparib as Switch
Maintenance Following Platinum-Based
Chemotherapy in Patients With Platinum-
Sensitive, High-Grade Serous or Endometrioid
Epithelial Ovarian, Primary Peritoneal or
Fallopian Tube Cancer; http://clinicaltrials.gov/
show/NCT01968213).

Niraparib (MK-4827) is a potent PARP inhib-
itor with efficacy in both germ line BRCA
mutated and BRCA negative high grade serous
ovarian cancer patients. Recently, a phase I study
has established the dose well tolerated was a rec-
ommended phase 2 dose of 300 mg/day [35].
Actually a phase III study, ENGOT-OV16/NOVA
trial, is ongoing on maintenance therapy with
niraparib versus placebo in ovarian cancer
platinum-sensitive patients [36].

Veliparib: In a phase 2 study of 50 ovarian
cancer patients with BRCA mutation, treatment
with veliparib at a dose of 400 mg resulted in a
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26% objective response rate, according to
RECIST criteria. Two of these women had a
complete response, and 24 had disease stabiliza-
tion for more than 4 months [37]. Actually, sev-
eral trials are ongoing testing veliparib in
monotherapy  (Veliparib Monotherapy for
Relapsed Ovarian Cancer With BRCA Mutation;
http://clinicaltrials.gov/show/ 01472783) or in
combination with chemotherapy (Carboplatin,
Paclitaxel, Bevacizumab, and Veliparib in
Treating Patients With Newly Diagnosed Stage
II-IV Ovarian Epithelial, Fallopian Tube, or
Primary Peritoneal Cancer; http://clinicaltrials.
gov/show/NCT00989651) in ovarian cancer
patients BRCA mutated or with BRCA status
unknown (Veliparib and Topotecan for Relapsed
Ovarian Cancer With Negative or Unknown
BRCA Status.NCT 01690598).

Combinations in clinical testing include
PARPis and PI3K inhibitors; preclinical results
combining olaparib and the PI3K inhibitor
BKM120 demonstrated synergy [38, 39].

MAPK Kinase (MEK-1 and -2)
Inhibitors

Selumetinib (AZD6244): Selumetinib is a
mitogen-activated protein kinase inhibitor that
shows preclinical benefit in targeting the MEK
oncogenic pathway. The small molecular agent is
a protein regulator in activated oncogenic path-
ways expressed in ovarian cancer patients.
Results from a phase II study indicate positive
activity in the treatment of ovarian cancer. Fifty-
two women received two doses of selumetinib
(100 mg daily) in the clinical trial, and grade 4
adverse events were only observed in three
patients (6 %). Thirty-four (63 %) of the women
in the study had a PFS of more than 6 months,
with a median OS of 11 months [40, 41].
Binimetinib (MEK 162) is an oral inhibitor of
MEK-1 and MEK-2, both of which play an
important role in cancer cell proliferation and
survival via the RAS/RAF/MEK/ERK signal
cascade. Inhibiting this pathway is believed to
interrupt growth-factor mediated cell signaling as
well as inhibit the production of inflammatory
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cytokines. A phase III study, MILO, is underway
on recurrent or persistent low grade serous ovar-
ian cancer [42].

VEGF Receptor, Platelet-Derived
and Fibroblast Growth Factor
Receptor

Nintedanib (BIBF 1120). Nintedanib is a triple
angiokinase inhibitor that simultaneously blocks
the VEGF, platelet-derived, and fibroblast growth
factor receptors [43, 44]. A randomized, placebo-
controlled phase II trial evaluated nintedanib
maintenance therapy (250 mg for 36 weeks),
after chemotherapy in patients with relapsed
ovarian cancer. Eighty-three women were
enrolled, and the 63-week PFS rate was 16.3 %
for nintedanib and 5% for placebo groups,
respectively. Nintedanib patients experienced a
much higher rate of grade 3 or 4 hepatotoxicity
(51.2%), compared to that of the placebo group
(7.5 %) [45]. The potential effect of nintedanib
nearly tripling PFS, when compared to the pla-
cebo, has warranted a 1300 patient, phase III
study of this drug in the LUME-Ovar 1 trial
(Nintedanib (BIBF 1120) or Placebo in
Combination With Paclitaxel and Carboplatin in
First Line Treatment of Ovarian Cancer; http://
clinicaltrials.gov/show/NCTO01015118).

Chemotherapy

The DNA hypomethylating agent 5-aza-2'-
deoxycytodine (decitabine) can reverse resis-
tance to carboplatin in women with relapsed
ovarian cancer [46].

Lurbinectedin (PM01183): It is a new com-
pound that binds covalently to DNA preventing the
transactivated transcription and inducing the for-
mation of double-strand breaks in several cancer
cell lines, including platinum-resistant ovarian can-
cer cell [47]. At ASCO 2014 it has been presented
a phase II study of Lurbinectedin in resistant/
refractory pretreated ovarian cancer showing statis-
tically significant superiority of PMO1183 over
Topotecan in terms of ORR, PFS, and OS [48].
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Anti-programmed Death-1 (PD-1)

PD-1 is a co-inhibitory receptor expressed on acti-
vated T cells which regulates antitumor immunity.
Ovarian cancer cell expression of PD-L1 corre-
lates with prognosis, thus PD-1 and PD-L1 path-
ways may be a viable target in ovarian cancer
[49]. Nivolumab is a fully humanized IgG4 that
blocks the engagement of PD-1 by PD-1 ligands
(PDL-1). Preliminary data from an ongoing clini-
cal trial show that Nivolumab at 1 mg/kg cohort is
well tolerated and has encouraging clinical effi-
cacy for advanced or relapsed, platinum-resistant
ovarian cancer patients [50].

Farletuzumab is a humanized monoclonal
antibody to folate receptor-a, which is overex-
pressed in most epithelial ovarian cancers but
absent in normal tissue. A recent clinical study
demonstrated that farletuzumab combined with
carboplatin and taxane may enhance the response
rate and duration of response in platinum-
sensitive ovarian cancer patients with first relapse
of disease after remission of 618 months [51]. A
randomized, double-blind, placebo-controlled,
phase 2 study is ongoing.

COMBO Target Therapy

VEGFBlockade/PARP Inhibition
(Cediranib-Olaparib)

Provocative results from a phase II study of the
combination of olaparib and cediranib were
reported in patients with platinum-sensitive
recurrent ovarian cancer [52]. Ninety patients
were randomized to either olaparib alone versus
the combination of cediranib/olaparib; median
PFS was significantly longer with the combina-
tion cediranib/olaparib than with olaparib alone
(17.7 vs 9 months; hazard ratio, 0.42; 95% CI
0.23-0.76, p=0.005). Subset analysis by germ
line BRCA mutation status revealed a significant
improvement in PFS in germ line BRCA wild-
type or unknown patients receiving cediranib/
olaparib compared with olaparib alone (16.5 vs
5.7 months; p=0.008) with no significant
improvement in PFS observed in the germ line

BRCA patients (19.4 vs 16.5 months; p=0.16).
These results raise the possibility that combining
targeted therapies may result in enhanced clinical
effect, warranting studies in a phase 3 trial.

PARPi/PI3Ki (Olaparib/BKM120)

Preclinical results combining olaparib and the
PI3K inhibitor BKM120 demonstrated synergy
of the two compounds [38, 39]. A phase I study
with the two agents has demonstrated anticancer
activity of the combination in patients with recur-
rent high grade serous ovarian cancer or triple-
negative breast cancer [53].

Therapeutic Vaccines

Ipilimumab was administered in recurrent
ovarian cancer following administration of a
GM-CSF-BKM120 based vaccine [54]; a phase
II study is ongoing in recurrent ovarian cancer
(NCT01611558).

EpCAM, CD3, and Fc Receptor
Antibody

Catumaxomab is a trifunctional antibody com-
posed of an anti-EpCAM antibody and an anti-
CD3 antibody. This allows catumaxomab to bind
to the antigen EpCAM on tumor cells, the CD3
molecules on T cells, and to the Fc receptor on
accessory cells, thus triggering an antitumor
immune response [55]. Catumaxomab has been
approved in Europe in 2009 for the intraperito-
neal treatment of malignant ascites in EpCAM-
positive cancer patients, and it is currently in
clinical trials in the USA. An open-label, phase II
study of catumaxomab in patients with malignant
ascites enrolled 32 women and resulted in almost
one-fourth (22.6 %) of patients having at least a
fourfold increase in their platinum-free interval
following catumaxomab treatment. The median
OS was 3.6 months, with toxicities that were tol-
erable and consistent with the expectation for this
type of antibody [56]. Another single-arm phase
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II study administered one intraoperative (10 pg)
and four postoperative (10, 20, 50, 150 pg) doses
of catumaxomab on days 7, 10, 13, and 16.
The study demonstrated a 3-year survival benefit
in patients who received catumaxomab when
compared to a match-pair control group (survival
rates of 85.4 and 63.4 %, respectively) [57]. This
favorable survival data warranted a phase III trial
of 258 EpCAM-positive cancer patients with
malignant ascites (Study in EpCAM Positive
Patients with Symptomatic Malignant Ascites
Using Removab Versus an Untreated Control
Group. http://clinicaltrials.gov/ct2/show/
NCTO00836654).

Several clinical studies are ongoing targeting
different pathway involved in ovarian cancer pro-
liferation or in angiogenesis in high grade serous
carcinoma (HGSC) and in low grade carcinomas.
High grade serous carcinomas are characterized
by several mutations. Indeed, TP53, NOTCH,
PI3K, RAS/MEK, BRCA, and FOXM1 pathway
signaling are defective in HGSC [58].

Mucinous carcinoma is a distinct disease pre-
senting platinum intermediate sensitivity with
RAS mutations [59], and mutations in ARIDIA,
PIK3CA, PTEN, and CTNNBI.
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Abstract

Because of the high incidence of endometrial cancer and the to poor
prognosis of ovarian cancer establish a standardized practice method in
early detection and diagnosis of these gynecological tumors is nowadays a
primary goal in oncology research. Genomics and proteomics advances
and new discoveries about tumor behavior and its specific characteristics
bring the attention on several emerging factors that in the next future could
become specific diagnostics tool in gynecologic oncology.

The interaction between the genetic predisposition and the environment
exposure has been recognized as one of the main pathogenic moments of
tumor’s development and growth. Clarify the exact mechanism that regu-
lates these interactions and the cellular pathways involved in tumor growth
can substantially contribute in identify “high-risk” populations. To target
diagnostic investigations, to selected populations maximizing health
benefits of screening programs and, of great importance, to allow the early
detection of cancers remain main positive prognostic factors in tumor
survivors.

On the other hand, the second area of study, which benefits gynecologic
oncology, is the constant improvement of imaging techniques. The tumor
growth is early recognized observing specific changes in tissue morphol-
ogy. Future innovations in gynecologic-oncology imaging will go beyond
anatomy to focus on function.
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The age at the time of diagnosis, the stage of the
disease, the histological subtype, and tumor
grade are common prognostic factors in gyneco-
logical malignancies.

Identifying specific molecules and establish-
ing a standardized practice method in early detec-
tion and diagnosis of gynecological tumors is
nowadays both a primary goal and a key discov-
ery challenge in oncology.

Ovarian cancer (OC) remains, over the recent
years, the major cause of death due to gyneco-
logical malignancies. About 22,000 new cases
and 14,000 deaths are expected in the United
States alone in 2014 [1]. Because of the lack of
obvious and specific symptoms at the onset of the
disease, the majority of the cases are diagnosed at
a late stage.

Endometrial cancer (EC) is the most common
gynecologic malignancy, with a lifetime risk of
one in 38, and is the fourth most prevalent female
neoplasm, with over 42,000 US cases annually.
Despite an overall 5-year survival rate of 83 %,
EC ranks second in mortality among female gen-
ital tract cancers, causing an estimated 7780 US
deaths in 2009, with the death rate steadily
increasing over the past 20 years [2].

Endometrial and Ovarian Cancer
Susceptibility and Primary
Prevention: Genetic

and Environmental Factors

It is now thought that up to 25 % of all OCs has a
heritable component [3]. A familial risk has been
identified also in EC development.

The two main syndromes associated with
familial OC are hereditary breast ovarian cancer

syndrome (HBOC) and Lynch syndrome (also
known as heritable non-polyposis colorectal can-
cer syndrome, HNPCC). Other much rare syn-
dromes associated with hereditary ovarian or EC
include Li-Fraumeni, Cowden, and Peutz-Jeghers
syndromes [4].

Gene mutations in BRCAI and BRCA2
account for the majority of familial hereditary
OC syndrome. BRCA1 and BRCA2 encode pro-
teins that are involved in DNA repair; specifi-
cally, they are involved in homologous
recombination, a highly accurate mechanism of
double-stranded DNA break repair [5].

It is unclear why these mutations are predomi-
nantly associated with breast and OCs. Because
these tissues share the property of being hormon-
ally regulated, some researchers have speculated
that there may be an interaction between hor-
mones and BRCA1/BRCA?2 signaling while oth-
ers speculate that hormonal signaling may
increase oxidative stress on DNA therefore
increasing the susceptibility to mutations [6].

The risk of developing OC in a woman with
a BRCA1 mutation is 39-46 %, while it is
12-27 % in a woman with a BRCA2 mutation
[7]. Despite substantial improvement in manag-
ing OC risks owing to BRCA1/BRCA2 muta-
tions, the guidelines recommend prophylactic
bilateral salpingo-oophorectomy (PO) by age
40 years [8].

The association between germ line mutations
in BRCA genes and the risk of EC remains con-
troversial [9].

Actually, advances in genomic technologies
quicken the finding of other cancer susceptibility
genes. To date, various genes, including, RAD51C,
RADS51D, BRIP1, BARD1, CHEK2, MPEI11A,
NBN, PALB2, RAD50, MLH1, MSH2, MSH6,
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PMS2, and TP53, have been associated with
ovarian and endometrial cancer [10].

Lynch syndrome is an autosomal dominant
condition that is characterized by the presence of
synchronous or metachronous colorectal tumors.
It is also associated with an increased frequency
of extracolonic tumors including endometrial,
ovarian, urogenital, brain, renal, gastric, and bili-
ary cancers. Several genes encoding DNA mis-
match repair (MMR) proteins have been
implicated in Lynch syndrome: MLH1, MSH2,
MSH6, and PMS2. MMR proteins recognize and
correct short insertions and deletions as well as
single base mismatches [11]. Lynch syndrome is
the second commonest cause of hereditary OC,
accounting for 10—-15 % of such familial presen-
tations [11]. In women affected by Lynch syn-
drome the estimated cumulative risk of
developing EC by age 70 is 54 % for MLHI,
21 % for MSH2, and 16 % for MSH6 mutations
[12]. This risk of EC rises significantly after the
age of 40, with a mean age of diagnosis of 46
years [13].

The majority of patients diagnosed with ovar-
ian or endometrial cancer is considered to have a
“sporadic” form of these malignancies. Both for
endometrial and ovarian cancer on the basis of a
series of morphologic and molecular genetic
studies, a dualistic model has been proposed that
groups tumors into two broad categories, nomi-
nated type I and type II.

Type 1 OC includes low-grade serous, low-
grade endometrioid, mucinous, and clear cell car-
cinomas. These neoplasms typically present as
large cystic masses restricted to one ovary; have a
relatively indolent course; and are associated
with mutations in KRAS, BRAF, PTEN,
PIK3CA, CTNNBI1, ARIDIA, and PPP2RI1A
that disturb signaling pathways. These molecular
alterations result in morphologic changes, which
are reflected by a stepwise progression from
benign through varying degrees of atypia (bor-
derline tumor), then to noninvasive and finally to
invasive and metastatic carcinoma.

Type I ECs were described as tumors associ-
ated with a constellation of clinical findings
(obesity, hypertension, and diabetes), which
included a hyperestrogenic state. The tumors were
in general of endometrioid (endometrial-like)

histology, low-grade (i.e., well to moderately
differentiated), low-stage (confined to the uterus),
indolent lesions often, and associated with endo-
metrial hyperplasia.

Type II OCs are collected of high-grade
serous, high-grade endometrioid, undifferenti-
ated carcinomas, and malignant mixed mesoder-
mal tumors (carcinosarcomas). These tumors are
aggressive and typically present at an advanced
stage, which adds to their high mortality rate.
Unlike type I tumors, which are relatively geneti-
cally stable, type II tumors demonstrate several
chromosomal aberrations at diagnosis, but these
remain relatively stable over the course of the
disease. The commonest mutation is that of TP53
followed by somatic inactivation of BRCA1/
BRCA2 [14].

Type I ECs, approximately 2—5 %, were asso-
ciated with aging and unique genetic/molecular
changes, were not associated with estrogen stim-
ulation and instead arouse in the setting of atro-
phy, were poorly differentiated tumors, and
behaved in an aggressive manner. It often have a
serous (fallopian tube-like) morphology. Somatic
mutations in the PTEN gene are common in spo-
radic ECs [15].

The main risk factor for EC is exposure to
endogenous and exogenous estrogens associated
with obesity, diabetes, early age at menarche,
nulliparity, late-onset menopause, older age
(=55 years), and use of tamoxifen [16]. The rela-
tion between diabetes and EC is controversial
[17, 18].

Compared to EC, adult BMI and postmeno-
pausal hormone use are weaker and less consis-
tent risk factors for OC, suggesting that
endogenous estrogens may play a lesser role in
the etiology of OC [19-21]. Only one prospective
study has been conducted to date, and women
with the highest levels of circulating estradiol
had three times the risk of OC (OR=3.0, 95%
CI: 0.6-14.9) compared to women with the low-
est estradiol levels [22].

The incessant ovulatory damage is the major
hypothesis involved in OC pathogenesis.
Ovulation creates a proinflammatory state at the
ovarian surface epithelium and distal fallopian
tube through the release of cytokines, reactive
oxygen species, and steroids; repeated ovulation
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may therefore increase risk of damage to DNA in
these areas [23]. So that, age and reproductive
factors such as low parity and infertility, or other
pathologic factor such as endometriosis increase
risk of developing OC [24].

On the contrary, that use of the oral contra-
ceptive pill (OCP) is a protective factor for OC
in patients with BRCA1/BRCA2 mutations. A
meta-analysis looking at OCP use in BRCA1/
BRCA?2 mutation carriers demonstrated signifi-
cant risk reduction (OR 0.57; 95% CI 0.47—-
0.70); this effect was more notable with longer
duration of OCP use [25, 26]. Indeed, similar
trends were seen in a recent meta-analysis of
OCP use for the general population (OR 0.73;
95% CI 0.66-0.81), with a reduction in inci-
dence of OC of more than 50 % with 10 or more
years of use [27].

Understanding the hormonal microenviron-
ment of ovulation is critical to establishing a
molecular link between incessant ovulation and
early OC pathogenesis. It has been demonstrated
that follicular fluid (FF) exposure led to DNA
double-stranded breaks and, consequently, the
stabilization of the tumor suppressor TP53. Early
precursors of high-grade serous OCs are also
defined by their high expression of TP53 and
high levels of DNA damage, although in the vast
majority of these cases TP53 is also mutated,
often with a gain of function mutation.
Understanding the link between the temporary
induction of TP53 in response to FF exposure
and the acquisition of mutations in P53 in early
precursor lesions will be key in the future of OC
research [28].

A complete comprehension of ovarian and EC
pathogenesis and of risk factors associated with
their development was still today an object of
study and improvement. New findings in these
fields may influence significantly the future clini-
cians behavior and the cancer patient’s manage-
ment. The  identification and  better
characterization of “high-risk” populations, for
genetic or environmental factors, indeed, repre-
sent the best target to control cancer morbidity
and mortality.

R. Piccoli et al.

Endometrial and Ovarian Screening
and Diagnosis

OC is the second gynecological malignancy after
cervical cancer that may meet the criteria of a
disease for which population screening is justi-
fied. The disease is usually diagnosed in advanced
stages when chances for long-term survival are
poor; effective treatment is available for early-
stage disease. Conversely, EC is a symptomatic
disease in early stage, but due to its high inci-
dence, screening of “high-risk” population (about
30%) is recommended. So that, patients with
HNPCC, Cowden syndrome, obesity, diabetes, or
breast cancer patients on tamoxifen would cer-
tainly benefit from the advent of a reliable screen-
ing strategy to aid early diagnosis of EC.

Screening strategy is based on detection of
tumors markers. Markers may be biochemical
substance produced by or in response to the tumor
or any cytological, molecular, cytogenetic, or
architectural abnormalities detected in the pres-
ence of malignancy. Ideally, tumor markers should
be tumor specific, allow detection of minimal
disease, and quantitatively reflect tumor burden.

A true precursor lesion for OC has not yet been
identified, limiting the effectiveness of OC screen-
ing. The early diagnosis of OC is still in the
research stage, and there are no definite markers,
which can be used in the clinical setting.
Biochemical, morphological, vascular, and cyto-
logical tumor markers have all been explored with
varying success. Currently, traditional methods for
screening or diagnosing OC mainly include serum
CA-125, color Doppler ultrasound, laparoscopy,
and cytological examination.

Clinical symptoms and imaging results are
currently the main pillars to detect ECs develop-
ment, progression, or recurrence. Indeed, the
standard diagnostic evaluation for EC includes
pelvic ultrasonography, office endometrial
biopsy, or dilatation and curettage (D&C) with or
without hysteroscopy. In EC currently no assays
are available to be included in the clinical algo-
rithms that can facilitate monitoring of disease,
such as CA-125 in OC.
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Biochemical Markers

The best-known biochemical marker of OC is
CA-125, an antigen expressed by fetal amniotic
and coelomic epithelium. About 80 % of patients
with advanced OC have the elevation of CA-125.
But it has some limitations: indeed, only 50-60 %
of patients with early-stage OC have the increased
CA-125. In addition, single CA-125 detection may
cause false positive, infact the increase of CA-125
have also been found in other cancers, such as
pancreatic, breast, bladder, liver, or lung cancer.
Other benign diseases such as diverticulitis, cir-
rhosis, endometriosis, or physiologic condition
(menstruation or pregnancy) may also produce a
high level of CA-125 [29, 30].

A serum CA125 of 35 U/mL is usually
accepted as the arbitrary cutoff of normal. In
postmenopausal women or in patients after hys-
terectomy CA125 levels tend to be lower than
general population so a lower cutoff of 20 and
26 U/mL respectively seem to be more appro-
priate [31].

CA-125 is the established biomarker for
detecting OC recurrence and monitoring thera-
peutic response. In addition, recent guidelines
recommend its measurement in the primary care
setting in women with suggestive symptoms or at
high risk for OC, in combination with pelvic
ultrasound [32, 33], even though some authors
have discouraged this application because of the
low sensitivity of the test, which is even worse in
early-stage tumors (<50%) [34]. However,
according to the current guidelines measurement
of serum CA125 antigen remains the gold stan-
dard in the follow-up OC [35].

Fewer studies have been performed to evaluate
the efficacy of CA-125 for EC detection and/or
monitoring. Although CA-125 is elevated in EC
patients relative to healthy control, serum concen-
trations of CA-125 are elevated in only 10-20 %
of women with early-stage EC, and only 25 % of
asymptomatic patients with recurrences will pres-
ent with elevated CA-125 levels [36, 37].

The intrinsic limitations of CA-125 have
greatly stimulated the search of additional
biomarkers sought to improve the accuracy for

identifying malignancy in women with a pelvic
tumor. In the new era of proteomics there has
been a great deal of interest in identifying global
pattern of serum proteins and peptides that
relate to cancer risk and prognosis. Other bio-
molecules, including human epididymis protein
4 (HE4), the inhibins, the lysophosphatidic acid,
and other, are also elevated in the serum of OC
patients and may be of diagnostic value in vari-
ous combinations with one another and/or with
CA-125 [38].

Even if no accurate biomarkers for EC detec-
tion are currently available some molecules have
been proposed; among them the most significant
are HE4, prolactin, and miRNAs.

HEA4 is a secretory protein originally identified
in the distal human epididymis. The function of
HE4 has not been definitely demonstrated; how-
ever, HE4 shows significant structural similarity
to proteinase inhibitors and is proposed to have a
function in sperm maturation [39, 40].

A prominent upregulation of HE4 expression
was seen in epithelial OC tissue, especially in
serous and endometrioid adenocarcinomas. No
expression was detected in normal ovarian tissue,
and a lower expression was observed in both
benign and borderline ovarian tumors compared
with protein expression levels in epithelial OC. In
combination with serum marker CA125, a sig-
nificant increase in sensitivity and specificity was
revealed in differentiating between benign gyne-
cologic conditions and epithelial OC.

Upregulation of HE4 was also demonstrated
in malignancies of the gastrointestinal canal,
urinary tract, bladder, and breast. HE4 could
potentially be a tumor marker in primary lung
adenocarcinomas. The widespread upregulation
of HE4 seen in a range of malignancies implies
that HE4 is neither organ nor tumor specific.
Moreover, a potential role of HE4 as a tumor
marker in EC has been reported, because HE4
measured in serum from patients with EC was
significantly elevated compared with serum lev-
els in healthy individuals and women with benign
uterine disease [41].

HE4 levels in healthy subjects increased with
age and smoking habits, but its serum levels are
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not affected by the menstrual cycle, oral contra-
ceptive use, or endometriosis [42-45].

No optimal cutoff exists, as well as there is no
consensus for correct parameters to include in the
examination. Two recent studies [46, 47] have
suggested reference intervals of serum HE4 in
healthy women at 65.87 pmol/L for premeno-
pausal and 90.76 pmol/L for postmenopausal. In
women with pelvic masses, Fujirebio Diagnostics
[48] has defined the normal range below
150 pmol/L, whereas Abbott Diagnostics [49]
defined normal ranges below 70 pmol/L for pre-
menopausal women and 140 pmol/L for post-
menopausal women. However, both the
manufacturers recommend that reference inter-
vals are determined for each population investi-
gated yielding the highest sensitivity and
specificity possible.

Subsequent to the discovery of serum HEA4,
researches have focused on its role in differentiat-
ing between epithelial OC and benign masses.
HE4 was combined in two formulas evaluating
high-risk disease, called “risk of malignancy
algorithm” (ROMA) formulated for premeno-
pausal and for postmenopausal women with
adnexal mass. ROMA combines the diagnostic
power of the CA125 and HE4 markers with meno-
pausal status. This algorithm has been approved
by the FDA as a useful indicator for differentiating
malignant from benign pelvic masses. Although
this index has been enhanced as a diagnostic
instrument, high ROMA scores have been also
reported to be independently associated with a
negative prognosis in some patients with OC [50].

Many studies report that ROMA algorithm
implements better in the premenopausal popula-
tion than in the postmenopausal women. A pre-
dicted probability (PP) greater than 13.1%
suggests a high risk in the premenopausal women,
whereas PP value higher than 27.7 % indicates a
high risk in the postmenopausal women. Using
this algorithm, 93.8 % of epithelial OCs were
correctly defined as high risk [51, 52]. ROMA
sensitivity and specificity suggest its use for the
triage of woman with an adnexal mass to gyneco-
logic oncologist.

HE4’s efficacy as a serum marker for endome-
trial malignancies has been investigated. Data
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from these studies indicate a promising value for
HE4 as a component of the biomarker panel in
EC detection. Moore et al. measured preoperative
serum samples from patients with endometrioid
adenocarcinoma [53]. The ROC-AUC values for
HE4 were higher than all other markers (CA72-4
and CA-125) investigated for stage I, stages 11—
IV, and all stages combined (ROC-AUC: 76.7,
83.6, and 78.7 %, respectively). The sensitivity of
the HE4 assay was also highest of all other single
markers regardless of stage (sensitivity at 90 %
specificity for stage I, stages II-IV and all stages
combined: 48.4, 71.4, and 55.0 %, respectively).
The addition of CA-125 to the HE4 assay consid-
erably increased the sensitivity compared with
that achievable by CA-125 alone (50.1 vs 24.6 %
at 95% specificity, respectively) [54]. These
results suggest that in the future HE4 could be
considered an EC specific diagnostic tumor
marker.

The Inhibins were initially isolated from
gonadal fluids based on their relevant abilities to
inhibit follicle stimulating hormone (FSH) secre-
tion from the pituitary. Successively, these pro-
teins were recognized as members of a family of
growth factors, the transforming growth factor-
beta (TGFb) superfamily, with multiple functions
as confined regulators of gonadal biology. Inhibin
A and Inhibin B act as antagonists and are struc-
tural homologues of activins, including the
activin b-subunit and a unique a-subunit. It has
been validated that the alteration of the inhibin/
activin pathway may contribute to the develop-
ment of epithelial OC due to the alteration of the
crosstalk between granulosa and epithelial cells.
In a recent study, Walentowicz et al. propose the
association of high levels of inhibin A with a
poor prognosis and a low survival at 5 years [55].

The mesothelin gene encodes a 71-kDa pre-
cursor protein that undergoes physiological
cleavage by a furin like protease to produce two
main proteins, the first is the 31-kDa NH2-
terminal megakaryocyte potentiation factor
(MPF), which is secreted into the blood, the sec-
ond COOH-terminal product is a 40-kDa frag-
ment referred to as mesothelin, which is attached
to the cell membrane and is overexpressed in
several cancers, including mesothelioma, ovarian
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and pancreatic cancers, and some squamous cell
carcinomas.

In patients with OC, Scholler et al. [56] have
described a 42- to 44-kDa protein termed soluble
mesothelin-related peptide (SMRP). A high
expression of mesothelin in both tissue and serum
indicates a poor prognosis. The mechanism of
release of mesothelin from the cell surface is not
clear. Many studies showed that serum mesothe-
lin levels are related to the FIGO surgical patho-
logical staging and pathological grade in OC
patients. Patients with advanced stage and low
differentiation tumors showed higher levels of
SMRP. The most recent study reported the
expression of mesothelin in ovarian tissue corre-
lated to chemotherapy resistance and poor prog-
nosis suggesting a role for mesothelin in diagnosis
and disease staging [57].

Osteopontin (OPN) is a secreted, integrin-
binding phosphoprotein that has been associated
with cancer and is overexpressed in different
tumor types. Physiologically, OPN is secreted by
osteoblasts and the epithelial cells of multiple
organs as well as by activated T lymphocytes,
macrophages, and leukocytes at the site of inflam-
mation. Some authors showed that OPN-c, an
OPN splicing variant, contributed to the increased
proliferation, migration, and invasion of OC
cells. However, this glycoprotein is strongly
associated with progressive tumor stage, poor
patient prognosis, and metastasis formation.
Although several studies have focused on the role
of OPN in OC screening, the utility of OPN for
differentiating between malignant and benign
ovarian tumors has not been sufficiently eluci-
dated [58].

Carbohydrate antigen 72-4 (CA72.4) is
another biomarker for OC; the level of this 200—
400 kDa glycoprotein rises in gastric, cholic,
breast, and ovarian adenocarcinomas. It can be
used alone or in association with CA125. The
sensitivity of CA72.4 is lower than CA125 in
detecting OC, but the levels of this marker are not
affected by pregnancy or the menstrual period.
There is evidence in the literature that CA72.4
levels can be found slightly increased with endo-
metriosis, benign ovarian tumors, or inflamma-
tory conditions. Some authors have demonstrated

the role of the biomarker CA72.4 combined
with CA125 as a predictive factor of epithelial
OC recurrence [59]. The combination of more
tumor markers including HE4 together with
CA72.4 increased the sensitivity and specificity
in the diagnosis of OC in patients with pelvic
masses [60].

Interleukin 13 (IL13) is a cytokine with an
inflammatory activity that plays important roles
in many biological activities. The level of this
cytokine has been measured and found more ele-
vated in cancerous tissues. IL13 receptor is com-
posed of two strands (ILA3Ral and IL13Ra2)
and the second one has been found in high levels
in 44 of 53 OC samples [61]. A cytotoxic therapy
mediated by IL-13 has been designed and tested
in phase I/II clinical trial. This therapy showed an
antitumor activity and was very efficient when
administered intraperitoneally, since it blocks the
spread of OC cells through the peritoneum in late
stages of OC [62].

The serum macrophage inhibitory factor
(MIF) has also been tested for its presence in the
blood of OC patients and a sensitivity of 77.8 %
and a specificity of 53.3 % were measured for this
marker [63].

Macrophage-colony  stimulating  factor
(M-CSF) [64] has been used alone and detected
OC with a specificity of around 61-68 % and
93 % specificity, but the results for the detection
were better when used in conjunction with
CA-125 [65]. Indeed, the use of either CA-125 or
M-CSF enabled the identification of 96-98 % of
OCs and 81 % in early stages.

Lysophosphatidic acid (LPA) in plasma is a
recently discovered tumor marker. The LPA has
been reported to have a sensitivity of 100 % for
high-stage cancers and 90 % for low-stage can-
cers [66]. Its plasma concentration is significantly
different between benign and malignant tumors.
LPA has three subtypes: LPA1, LPA2, and LPA3.
Wang et al. identified that LPA was highly
expressed in OC and LPA can stimulate growth
and metastasis of OC cells [67]. Others have
found that the plasma level of LPA in patients
with stage I OC was nearly three times higher
than that in patients with benign ovarian tumors
and seven times higher than that in healthy control
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group, which further confirmed the reliability of
LPA as a tumor marker [68-70].

B7-H4 is a new member of T cell costimula-
tory molecule B7 family, which has been recently
discovered. B7-H4 can reduce T cell immunity
by inhibiting proliferation of T cells, synthesis of
cytokines, and cell cycle progression [71]. The
expression of B7-H4 was significantly higher in
OC while in normal ovarian tissue B7-H4 was
hardly expressed [72-76]. Therefore, it can be
considered as an important marker for early-stage
OC diagnosis [77].

Exosomes appear to be a new and powerful
signal mediator between cancer cells and their
microenvironment [78]. In OC, tumor-derived
exosomes could activate adipose tissue-derived
mesenchymal stem cells to tumor-supporting
myofibroblasts, contributing to tumor progres-
sion [79, 80]. Thus exosomes could be an impor-
tant mediator between tumor and their
microenvironment in the establishment of pre-
metastatic niche.

Exosomes in plasma of patients with OC were
found to express immunosuppressive factors
such as IL-10 and TGFp1 to promote T regula-
tory cell function and impair antitumor immu-
nity. More recently, malignant ascites-derived
exosomes of OC patients have been observed to
induce apoptosis of peripheral blood lympho-
cytes and dendritic cells, suggesting another
mechanism of impairing the antitumor immunity
by these tumor-derived exosomes.

Exosomes, which are rich reservoirs of
tumor-specific proteins, have been especially
important in the discovery of biomarkers.
Exosomes possess several unique advantages,
including (1) being extremely stable (under var-
ious conditions of freezing, cold storage, and
thawing for many years), (2) abundant (108-113
exosomes/ml plasma), (3) tumor specific, and
(4) their content correlates with tumor staging
and treatment outcome. The presence of exo-
somes in blood and other body fluids such as
urine also suggests an important advantage over
invasive biopsies. By comparing exosomes cap-
tured in OC patients with those in healthy indi-
viduals, there was a significant difference in
both number and protein content [8§1]. TGFp1
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and MAGE3/6 are significantly more prevalent
in malignant ovarian tumors than in benign
lesions [81]. For screening biomarkers, claudin
4-positive exosomes were present in the plasma
samples from 32 out of 63 OC patients but only
one out of 50 healthy individuals, raising the
possibility that it could be used as a highly sen-
sitive and specific indicator [82].

There also seems to be a correlation between
exosome content and clinical outcome. A recent
study that examines OC patients’ exosomal pro-
teins before and after chemotherapy has shown
that the exosome levels were relatively unchanged
in patients who were irresponsive to chemother-
apy, whereas significantly altered levels were
observed in responders, suggesting that the pro-
tein content of exosomes may be useful in pre-
dicting treatment response [81].

Exosome has also been proposed as a bio-
marker in EC. Indeed, exosomes are microRNA
(miRNA) carriers, released from cells into blood.
MiRNAs are small RNA molecules of about 22
nucleotides that induce gene silencing. miRNAs
are implicated in cancer development and pro-
gression, and expression patterns of miRNAs in
normal tissues differ from those of cancer tissues.
Lawrie et al. first showed that cancer-specific
miRNAs were effective biomarkers, and subse-
quently development of biomarkers using miR-
NAs has increased [83]. Torres et al. found that
the expression of miRNAs (miR-99a, miR-100,
and miR-199b) was upregulated in serum of
patients with endometrioid adenocarcinoma.
Analysis of miRNAs in serum in a genome-wide
study showed that a combination of four serum
miRNAs, miR-222, miR-223, miR-186, and
miR-204, can be used to diagnose endometrioid
adenocarcinoma with high probability [84].
Expression of miR-125b in type II EC cells is
significantly upregulated compared to that in
type I cells. Tumor protein p53 inducible nuclear
protein 1 (TP53INP1) gene, a target of miR-
125b, may be related to malignancy of type Il EC
because cancer cells proliferate when this gene is
not regulated [85].

Yurkovetsky et al. firstly showed evidence of
EC screening potential for prolactin, a single-
chain peptide from the growth hormone family.
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The primary source of prolactin is the anterior
pituitary gland, yet endometrial stroma also pro-
duces the protein during the secretory phase of
the menstrual cycle. Prolactin’s main function is
the regulation of breast development and lacta-
tion [86]. It also acts as a cytokine with central
roles in the immune and inflammatory processes.
It is a paracrine/autocrine hormone, thereby
influencing local angiogenic responses [87, 88].
Recent data from Yurkovetsky et al. has also sug-
gested that prolactin’s diagnostic power in dis-
criminating EC from healthy controls is superior
to all other biomarkers examined to date. In their
study involving 115 EC patients and 135 healthy
control females, prolactin serum marker assays
were able to identify EC with a sensitivity of
98.3 % and a specificity of 98 % [89].

The use of multiple markers may increase the
sensitivity for early detection of OC. However
increased sensitivity is usually associated with
decreased specificity. The use of the combination
of 5 markers (CA 125, OVX1, LASA, CA 15-3,
CA 72-4) showed sensitivity of 90.6 % and speci-
ficity of 93.2 %, when included in CART analysis
(classification and regression tree analysis),
which is a marker-based classification algorithm
of the disease [90].

CA 125, CA72-4, CA 15-3, and PLA when
combined were found to have a sensitivity from
68 to 87 % and the same specificity as for CA
125 [91].

The OVA I algorithm is based on several serum
biomarkers (CA-125, p2-microglobulin, transfer-
rin, apolipoprotein Al, and transthyretin) com-
bined with menopausal status. This algorithm
was developed on the basis of proteomic studies
with the exception of CA-125. It was approved
by the FDA to differentiate benign and malignant
adnexal lesions. In post- and premenopausal
patients, the sensitivity and specificity of this
algorithm are 96 % and 28 % and 85 % and 40 %,
respectively. The cutoff value is 5.0 for premeno-
pausal and 4.4 for postmenopausal females [92].
Miller et al. [93] and Ueland et al. [94] demon-
strated that specificity of the OVAL test for epi-
thelial malignancy was 99%. Specificity in
non-epithelial malignant ovarian, borderline epi-
thelial and metastatic ovarian tumors was 82, 75,

and 76 %, respectively. Moreover, the OVA1 test
detected 76 % of OCs in which CA-125 was normal.
Despite improved sensitivity in differentiating
ovarian tumors from 78 % to as high as 99 %, the
OVAL test caused a fairly large decrease in speci-
ficity, i.e., from 75 to 26 %.

Visintin et al. proposed the use of six markers
(leptin, prolactin, osteopontin, IGFII, MIF, and
CA 125) to discriminate OC and benign tissues
with an accuracy of 89 % for early stage cancers
and 100 % for late stage disease [95]. However,
none of these markers used alone was able to dis-
criminate properly diseased and unaffected sam-
ples. Recently, the association of the markers
mesothelin, osteopontin, and HE4 has been
selected by the Specialized Program of Research
Excellence (SPORE) committee for their good
sensitivity and specificity values [96]. However,
the applications of all these tumor markers in
clinical laboratories for early-stage OC screening
need to be further confirmed.

Morphological and Cytological
Markers

Transvaginal ultrasonography (TVS) is a rela-
tively simple and noninvasive diagnostic method
that provides clinicians with useful information
relevant for identifying and characterizing ovar-
ian masses. Moreover, endometrial thickness
measured using TVS is the most commonly used
tumor marker of EC.

Screening studies using conventional and
color Doppler US in apparently healthy post-
menopausal women have established that EC can
be detected at a preclinical stage and that TVS is
more sensitive than blind endometrial biopsy. A
review of data from approximately 2900 patients
collected from 13 published studies demonstrated
that an endometrial thickness cutoff of 5 mm on
TVS resulted in a sensitivity of 90 % and a speci-
ficity of 54 % compared to 98 and 35 %, respec-
tively, if the cutoff was reduced to 3 mm. In
addition, the 3-mm cutoff could reduce the pre-
test probability of EC from 10 to 0.7 % in women
with negative results. The reviewers concluded
that a 3-mm endometrial thickness cutoff on TVS
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might reliably exclude EC in women with
postmenopausal bleeding [97].

TVS can observe morphology of ovarian
clearly; many studies suggested TVS can be used
as a method for screening early-stage OC. TVS
can accurately characterize about 90 % of adnexal
masses and the reported sensitivity and specific-
ity of US for detecting ovarian malignancies is
88-96% and 90-96 %, respectively [98-101].
Various approaches have been used to character-
ize ovarian masses, including pattern recognition
approach, simple scoring systems, statistically
derived scoring systems, probability predictors
based on logistic regression analysis, and com-
plex mathematical models such as neural net-
works [102, 103].

International Ovarian Tumor
Analysis (IOTA)

The International Ovarian Tumor Analysis
(IOTA) framework is a pattern recognition
approach that has been frequently used to present
large-scale multicenter-based consensus results.
It includes a standardized methodology for the
US evaluation of ovarian masses and definitions
of the ultrasonographic parameters of ovarian
masses [104-106]. In the IOTA six categories,
from “certainly malignant” to “certainly benig-
nant,” have been proposed for the subjective US
assessment of adnexal masses [107]. The simple
rules developed by the IOTA are based on five
ultrasound features of malignancy (irregular solid
tumor; presence of ascites; at least four papillary
structures; irregular multilocular solid tumor
with largest diameter >100 mm; very strong
blood flow with color score=4) and five ultra-
sound features suggestive of a benign lesion (uni-
locular tumor; presence of solid components
where the largest solid component has a largest
diameter <7 mm; presence of acoustic shadows;
smooth multilocular tumor with largest diameter
<100 mm; no blood flow with color score=1)
[50, 108]. An adnexal mass is classified as malig-
nant if at least one malignant feature (M-features)
and no benign features (B-features) are present
and vice versa. When no B- or M-features are
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present, or if both B- and M-features are present,
then simple rules are considered inconclusive
(uncertain), and a different diagnostic method
should be used. So far, these simple rules have
been externally validated in five studies in 17
clinical centers [108]. In these studies, the rules
could be applied to 79-89 % of all adnexal masses
[109-112].

Only a small proportion (6-8 %) of masses
cannot be confidently classified as benign or
malignant when using subjective assessment by
experienced ultrasound examiners [113].
Unclassifiable adnexal tumors have certain typi-
cal morphological features. These tumors were
larger than classifiable masses, more often had a
unilocular-solid or multilocular-solid appearance,
and more frequently had irregular walls and papil-
lary projections than classifiable masses.
Multilocular cysts, with more than ten cyst loc-
ules, were also more often observed among
unclassifiable masses. An absence of color
Doppler signals was less common in these masses,
whereas a moderate amount of color Doppler sig-
nals (color score 3) was more common.

Unfortunately, ultrasound imaging, such as bio-
markers, is equivocal in some cases. So that, in the
last years, other algorithms have been proposed as
alternative approach to triage women as being at
low or high risk of cancer combining diagnostic
imaging with biomarkers or other parameters.
The most frequent are: Risk of Malignancy Index
(RMI), the IOTA LR1 and LR2.

The RMI, a widely used algorithm, involves
specific ultrasound parameters, measurement of
CA-125 and hormonal status to assign patients to
a low or a high OC risk [114-116]. Using a 200
cutoff value, the sensitivity and specificity of this
algorithm are 64-94% and 82-92%, respec-
tively, while the area under the receiver operating
characteristics (ROC) curve (AUC) range is
0.931-0.945 [117, 118].

The IOTA logistic regression model LR2 (1I0TA
LR2) was a risk prediction model based on ultra-
sound imaging [119—121] and other parameters
that include age, presence of ascites, presence of
abnormal flow in papillary lesions, maximum
dimension of the solid structure, presence of
irregular cystic lesions, and presence of an
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acoustic shadow. Using a cutoff value of 10%
sensitivity was 93.8 %, specificity was 81.9 %,
and the AUC was 0.952. What is particularly
interesting is that diagnostic test performance was
better for pre- vs postmenopausal women.

The logistic regression model based on 12
variables (IOTA LRI) has a performance that is at
least as good as that of LR2. However, LR2 is
based on six variables only (see below), which
facilitates its use in clinical practice.

A group of tumors have proven difficult to
classify with transvaginal ultrasound and remain
a diagnostic challenge for which accurate
second-stage tests would be of value. Other
imaging techniques in addition to TVU are avail-
able that may be used to provide an assessment
of a tumor before treatment (i.e., magnetic reso-
nance imaging, computed tomography, and pos-
itron emission tomography combined with
computed tomography).

Some studies suggest that magnetic resonance
imaging (MRI), compared with other imaging
modalities, may play a role in the assessment of
the cohort of “difficult to classify” adnexal
masses. MRI is, also, an accurate imaging tech-
nique for preoperative assessment of EC and for
evaluating the depth of myometrial invasion
[122, 123]. The depth of myometrial invasion in
patients with EC correlates strongly with the
prevalence of lymph node metastasis and with
patient survival.

A recent meta-analysis demonstrated that
contrast-enhanced T1-weighted (T1WI) MRI was
substantially better than ultrasonography, CT, or
noncontrast MRI for EC evaluation [124].
Moreover, dynamic contrast-enhanced MRI
(DCE-MRI) is considered more accurate than
T2-weighted imaging (T2WI) in tumor detection
and in assessing myometrial invasion due to
greater contrast and clearer demonstration of the
border between the tumor and myometrium in
the early phase [125-127].

Both conventional and contrast-enhanced MRI
protocols are now well established in guidelines
provided by the European Society of Urogenital
Radiology for characterizing “difficult” ovarian
masses. These protocols use straightforward
decision trees that divide “difficult” masses into

three distinct groups on the basis of findings on
standard T 1-weighted and T2-weighted sequences:
the T1-weighted high-signal intensity mass, the
T2-weighted solid mass, and the cystic-solid mass.
Additional sequences might be of interest in
defining the site of origin and the nature of the
mass [128]. The T1 “bright” masses may require
additional fat-suppressed T1-weighted (FST1W)
imaging to distinguish fat in teratomas from
mucinous or hemorrhagic cyst content.

T2 solid masses may require oblique imaging
to identify their relationship with the uterus to
distinguish between uterine leiomyoma and ovar-
ian fibroma. In addition, solid masses with inho-
mogeneous low T2 signal or intermediate T2
signal require assessment of the degree of con-
trast (gadolinium) enhancement. All cystic-solid
masses with suspected solid elements require
gadolinium-enhanced T1-weighted sequences to
determine the presence of malignancy [129].

Dynamic contrast-enhanced (DCE) MRI with
semi-quantitative analysis provides information
on tissue vascularization by measuring changes
in signal intensity before, during, and after intra-
venous contrast administration, and helps differ-
entiate some complex benign and malignant
lesions.

Combined DCE MRI in addition to conven-
tional morphologic assessment has been shown
to improve the overall accuracy of MRI for
depicting OC [130, 131].

DWI is a recent prevailing technique that
enables distinction between cancerous and nor-
mal tissues, determines lesion aggressiveness,
and monitors responses to therapy by providing
information on extracellular space tortuosity and
tissue cellularity [132]. It characterizes tissues by
probing differences in the random mobility of
water molecules related to tissue cellularity and
cellular membrane integrity [133].

Besides evaluating adnexal pathology, DWI is
a particularly powerful diagnostic tool for identi-
fying peritoneal metastases and recurrent invasive
disease [134, 135].

Both functional sequences DCE MRI and
DWI provided new criteria to those already being
commonly used with conventional MRI proto-
cols to describe indeterminate adnexal masses
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after TVS, and resulted in the development of a
novel ApnexMRscoring System [136] to improve
standardization of MRI reports in these adnexal
tumors. Using a score of >4 to define a malignant
tumor, the ApnexMRscormvg System predicted
malignancy with 93.5% sensitivity and 96.6 %
specificity. DW-MRI offers potential advantages
over DCE-MRI because it does not involve intra-
venous administration of a contrast agent and
entails a shorter imaging time.

Multiple studies have shown DWI combined
with T2 or with the application of fused image to
be effective in assessing deep myometrial inva-
sion for EC. A recent meta-analysis showed that
DWTI has excellent accuracy in the diagnosis of
deep myometrial invasion, with an area under the
ROC curve of 0.91. The pooled PLR of 8 sug-
gests that patients with deep myometrial invasion
have approximately eightfold chance of having
DWI positive compared to patients with superfi-
cial or no myometrial invasion. On the other
hand, the pooled NLR of 0.1 suggests that if the
DWI was negative, the probability that this
patient has deep myometrial invasion was 0.1 %,
which is low enough to rule out deep myometrial
invasion [137].

Cytological tumor markers for ovarian and
endometrial cancer screening have not been actu-
ally introduced in clinical practice. The conven-
tional Pap test has been thought to be unreliable
in the detection of endometrial lesions. However,
the presence of atypical endometrial cells has
been reported to be associated with a higher rate
of significant endometrial pathology and should
lead to additional evaluation for the presence of
endometrial disease.

In addition, in asymptomatic noncycle pre-
menopausal and postmenopausal women,
benign endometrial cells in Pap smears might
also be an indicator of endometrial pathology.
The 2001 Bethesda System recommended the
reporting of endometrial cells in women 40
years of age or older, regardless of menstrual
status or clinical history. Lai et al introduced
new finding that leads to a reconsideration of
cytology for early diagnosis of EC. The degenera-
tive necrotic endometrial debris in the background
of Pap smears was composed of histiocytes,
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degenerative inflammatory and individual
necrotic cells. Necrotic debris and phagocytosis
were also frequent findings in endometrial ade-
nocarcinoma. Lay et al. have shoved that when
benign-appearing endometrial cells are present
in the Pap smear, degenerative necrotic debris is
a significant risk factor for endometrial pathol-
ogy, regardless of menopausal status [138].
Moreover, other studies have shown that liquid-
based Pap test technology increased the detection
of endometrial adenocarcinoma. Two studies
specific to ThinPrep (Hologic, Bedford, MA)
technology reported endometrial adenocarci-
noma detection sensitivity rates of 65.2 and
88.3 % compared with 38.6 % with conventional
smears [139, 140].
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Abstract

Traditionally, gynecologic cancers are approached in a multimodal fashion,
employing surgery, chemotherapy, and radiation. These important therapies,
while often very effective at treating malignancy, often result in difficult
multisystem toxicities for patients. Identification of genomic and molecu-
lar differences between normal and cancer cells has allowed development
of targeted therapies that focus on inhibition of pathways involved in can-
cer proliferation and metastasis. These therapies ideally provide a more
directed approach by selectively acting on targets that are expressed on or
in close proximity to tumor cells, thereby limiting toxicity and allowing
administration at minimum effective dose rather than maximum tolerated
dose, as is standard for traditional cytotoxics. Pathways involving DNA
damage repair, angiogenesis, signal transduction, cell proliferation, sur-
vival, and metabolism are under active investigation in gynecologic malig-
nancies. Immune therapies involving vaccination and adoptive T-cell
infusion are also under evaluation to augment innate tumor-specific
immunity.
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Introduction

Traditionally, = gynecologic  cancers  are
approached in a multimodal fashion, employing
surgery,  chemotherapy, and  radiation.
Chemotherapy primarily focuses on killing rap-
idly dividing cells and thus does not discriminate
between normal and cancer cells. Radiation
affects all cells in the treated field, which often
includes normal tissues as well. These important
therapies, while very effective at treating malig-
nancy, often result in undesirable effects on the
gastrointestinal, hepatic, renal, hematologic, and
integumentary systems.

Identification of genomic and molecular dif-
ferences between normal and cancer cells has
allowed development of targeted therapies that
focus on inhibition of pathways involved in can-
cer proliferation and metastasis [1]. These thera-
pies ideally provide a more directed approach by
selectively acting on targets that are expressed on
or in close proximity to tumor cells, thereby lim-
iting toxicity and allowing administration at min-
imum effective dose rather than maximum
tolerated dose, as is standard for traditional cyto-
toxics. Pathways involving DNA damage repair,
angiogenesis, signal transduction, cell prolifera-
tion, survival, and metabolism are under active
investigation in gynecologic malignancies.
Immune therapies involving vaccination and
adoptive T cell infusion are also under evaluation
to augment innate tumor-specific immunity. This
chapter will review existing and emerging data
surrounding new biologic agents for the treat-
ment of gynecologic malignancies.

Targeted Therapeutic Approaches
Angiogenesis

Angiogenesis is the formation of new blood ves-
sels from preexisting vessels. Angiogenesis is a
normal process necessary for growth and devel-
opment as well as for wound healing [2].
However, angiogenesis is also instrumental in
tumorigenesis. In the early 1800s, Virchow iden-
tified increased blood vessels within tumors, and
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as early as the 1930s, Ide and associates docu-
mented the ability of cancers to induce blood ves-
sel formation, noting a potent response after
implanting a tumor in a rabbit’s ear [3]. In 1971,
Folkman proposed angiogenesis as not just a
byproduct of tumor growth, but as a key step in
tumor growth and development [4]. Indeed, for-
mation of a new blood supply is essential for the
development and maintenance of tumor cells [5,
6]. Because endothelial cells within tumor ves-
sels are disorganized and express imbalanced
surface molecules, a molecular basis exists for
selective inhibition or even destruction of tumor
vessels by angiogenesis inhibitors [7].

VEGF

Vascular endothelial growth factor (VEGF), also
known as vascular permeability factor, was first
identified in 1989. VEGF is a signal protein pro-
duced by normal cells to allow vasculogenesis
and angiogenesis. However, VEGF and its recep-
tors play an essential role in tumor angiogenesis
as well [8, 9]. Inhibition of this pathway is a
promising therapeutic strategy for preventing
angiogenesis and tumor growth [10].

VEGF also functions to facilitate several bio-
logic processes in endothelial cells such as cell
proliferation, migration, differentiation, survival,
and cell-to-cell communication [11, 12]. The
activities of VEGF are mediated through the
VEGF-specific tyrosine-kinase receptors [13].
Downstream signaling effects of the interaction
between VEGF and its receptor result in increased
endothelial cell proliferation and decreased apop-
tosis [14], which aids survival of immature tumor
blood vessels [10, 15-17]. VEGF-mediated
enhanced vascular and endothelial cell permea-
bility helps facilitate tumor cell dissemination via
circulation, and also allows greater delivery of
oxygen and nutrients to the primary tumor [10,
15-17]. Many studies have shown that elevated
levels of pro-angiogenic proteins such as VEGF
and platelet-derived growth factor (PDGF) are
often poor prognostic factors in patients with
solid tumors such as cervical, endometrial, and
ovarian cancer [18-22]. Conversely, Alvarez
et al. showed that a low microvessel count was
associated with better 5-year survival in patients



6 Developmental Therapeutics for Gynecologic Cancers: An Overview 101

with ovarian cancer in both early and advanced
stage disease [23].

Bevacizumab for Ovarian Cancer
Bevacizumab (Avastin™), a humanized mono-
clonal antibody targeted against VEGF-A, was
the first anti-angiogenesis agent in wide clinical
use. It has been approved by the U. S. Food and
Drug Administration (FDA) for the treatment of
metastatic colorectal, non-small cell lung, renal
cell, and most recently in 2014, for cervical and
ovarian cancers as well [24]. A great majority of
the research done on bevacizumab in gyneco-
logic cancers has focused on ovarian cancer. The
Gynecologic Oncology Group (GOG) conducted
a phase II trial evaluating patients with recurrent
or persistent ovarian and primary peritoneal can-
cer to assess the efficacy and tolerability of beva-
cizumab as a single agent. Patients received a
dose of 15 mg/kg every 3 weeks based on a 17- to
21-day half-life [25]. Thirteen patients (21.0 %)
experienced clinical responses (two complete, 11
partial). Twenty-five patients (40.3 %) survived
progression free for a minimum of 6 months. One
patient developed proteinuria, a grade 4 toxicity,
and required removal from the study. The study
authors concluded that bevacizumab appeared
active and was well tolerated in this patient popu-
lation [26]. Because of its efficacy as a single
agent, bevacizumab has also been examined
extensively and in combination with standard
cytotoxic chemotherapy. Four phase III random-
ized studies have evaluated its efficacy in patients
with advanced epithelial ovarian (EOC), fallo-
pian tube (FTC), and primary peritoneal cancer
(PPC). See Tables 6.1 and 6.2.

GOG 218 was a randomized, double-blind
phase III study which enrolled 1873 women with
newly diagnosed advanced stage EOC [27]. All
patients underwent primary debulking surgery
followed by standard chemotherapy with six
cycles of paclitaxel and carboplatin (CP). Patients
were randomized to three groups: the control
group received CP with a concurrent placebo fol-
lowed by placebo maintenance; the bevacizumab-
initiation group received CP concurrent with
bevacizumab followed by placebo maintenance;
and the bevacizumab-throughout group received

CP with concurrent bevacizumab and mainte-
nance bevacizumab. Median progression-free
survival (PFS) in each group was 10.3, 11.2, and
14.1 months, respectively. The patients in the
bevacizumab-throughout group were noted to
have a statistical improvement in PFS of 4 months
compared to controls, though no differences were
noted in overall survival (OS). Side effects were
tolerable. Rates of gastrointestinal perforation
and fistula formation in the two bevacizumab
groups were almost twice those in the control
group (1.2 % vs 2.8 % vs 2.6 %) which is consis-
tent with rates seen in metastatic non-gynecologic
cancers (2.4 %). The rate of hypertension requir-
ing medical therapy was higher in the groups
receiving bevacizumab (16.5% bevacizumab-
initiation, 22.9 % bevacizumab-throughout) than
in controls (7.2 %).

ICON 7, another phase III randomized trial,
noted similar findings. Perren et al. [28] enrolled
1528 patients with high-risk early stage or
advanced EOC, FTC, or PPC. Patients were ran-
domized to either CP or CP with concurrent bev-
acizumab plus maintenance bevacizumab. PFS
was significantly improved for patients receiving
bevacizumab (17.4 vs 19.8 months). Controversy
exists as to whether a 2-month improvement in
PFS constitutes a clinical benefit, particularly
since OS did not differ (44.6 vs 45.5 months,
respectively).

The OCEANS trial evaluated 484 patients
with platinum-sensitive recurrent EOC, FTC, and
PPC [29]. This randomized, double-blind,
placebo-controlled trial assigned patients to gem-
citabine/carboplatin chemotherapy with or with-
out bevacizumab. A statistically significant
improvement in response rate (RR) was observed
in the bevacizumab group 61.2 % vs the placebo
group 48.3% (p<0.0001). PFS was also signifi-
cantly improved with bevacizumab use (8.6 vs
12.3 months, respectively). However, no differ-
ence in OS was observed.

The AURELIA trial was an open-label ran-
domized phase III study which evaluated the
effectiveness of chemotherapy (investigator
selected liposomal doxorubicin vs paclitaxel vs
topotecan) with and without bevacizumab in 361
patients with platinum-resistant EOC [30].
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Median PFS was statistically improved with the
addition of bevacizumab compared to chemo-
therapy alone (6.7 vs 3.4 months). Improvements
with bevacizumab were noted with every chemo-
therapy agent used. As with the other trials there
was no difference in OS noted. Gastrointestinal
perforation occurred in 2.2 % of patients receiv-
ing bevacizumab, and hypertension and protein-
uria were also more common.

Bevacizumab for Other Gynecologic
Malignancies
Bevacizumab has been used extensively for the
treatment of ovarian cancer, however several
studies have also shown benefit in endometrial
and cervical cancer. A phase II trial was con-
ducted to determine the activity and tolerability
of single-agent bevacizumab in recurrent or per-
sistent endometrial cancer. Of 52 eligible patients,
7 (13.5%) experienced clinical responses (one
complete response and six partial responses).
Median PFS was noted to be 4.2 months and OS
was 10.5 months [31]. The authors concluded
that bevacizumab is active and well-tolerated.
For patients with cervical cancer, GOG 240
examined the addition of bevacizumab to combi-
nation chemotherapy in patients with recurrent,
persistent, or metastatic disease [32]. In this
phase III study, 452 patients were randomized to
chemotherapy (cisplatin+paclitaxel or pacli-
taxel +topotecan) with or without bevacizumab.
With combination of the data from the two differ-
ent chemotherapy arms, addition of bevacizumab
was associated with a statistically significant
increase in OS (13.3 vs 17.0 month, p=0.004) as
well as higher RR (26 % vs 48 %, p=0.008). As
expected, bevacizumab was also associated with
increased hypertension, thromboembolism, and
gastrointestinal fistula.

Aflibercept

Aside from bevacizumab, other agents targeting
VEGF have been investigated. Aflibercept, also
known as VEGF-Trap™, is a manufactured
decoy protein that binds with high affinity to
VEGF-A and inhibits VEGF1 and 2 binding [33].
In contrast to bevacizumab, which only binds to
VEGF-A and forms multimeric complexes,
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aflibercept monomerically binds, or “traps,” the
different isoforms of VEGF-A, VEGF-B, and
PIGF [34, 35]. Aflibercept has a higher affinity
for VEGF-A than bevacizumab. Preclinical trials
for aflibercept showed promise and yielded an
inhibition of tumor growth, angiogenesis, and a
reduction of ascites formation [36]. Hu et al. con-
ducted a preclinical study to assess the efficacy of
aflibercept combined with paclitaxel in a mouse
model of human ovarian cancer. The study dem-
onstrated tumor burden was reduced by approxi-
mately 98 % versus controls [37].

A phase I/II trial assessed the utility of
aflibercept with conventional docetaxel in 46
patients with recurrent EOC, FTC, and PPC
[38]. No dose-limiting toxicities were noted.
The overall RR was 54% (11 with complete
response and 14 with partial response). The
most common adverse event specifically associ-
ated with aflibercept was grade 1-2 hyperten-
sion observed in five patients (11 %). Median
PFS and OS were 6.4 and 26.6 months, respec-
tively. Overall, findings showed the combina-
tion induced significant antitumor activity.
Another phase II trial evaluating aflibercept in
the treatment of recurrent or persistent endome-
trial cancer concluded it met pretrial activity
parameters but was associated with significant
toxicity. Median PFS and OS were 2.9 and
14.6 months respectively. The most frequent
grade 3/4 toxicities was cardiovascular
(23 %/5 %), with two treatment-related deaths
secondary GI perforation and arterial rupture
reported [39].

Agents Targeting VEGF Receptors

Cediranib and pazopanib are receptor tyrosine
kinase inhibitors (TKIs) that bind to and inhibit
all three vascular endothelial growth factor recep-
tors (VEGFR-1, -2, -3), thereby blocking VEGF
signaling, angiogenesis, and tumor cell growth
[40]. In a phase I trial, cediranib showed a 44 %
overall RR in patients with recurrent EOC when
combined with olaparib, a polyadenosine
diphosphate-ribose polymerase (PARP) inhibitor
[41]. In a phase II randomized trial for 90 patients
with recurrent platinum-sensitive EOC, the com-
bination of olaparib and cediranib showed an
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improved PFS when compared to olaparib and
placebo (17.7 vs 9.0 months, respectively,
p=0.005) [42]. Unfortunately, grade 3/4 side
effects were common with combination therapy
and included fatigue, diarrhea, and hypertension,
prompting the authors to conclude that though
the combination improved PFS and warranted
further phase III study, future trials should
include quality of life assessments.

A phase 1II trial evaluating the use of pazo-
panib in patients with recurrent ovarian cancer
showed 11 of 36 patients (31%) had CAI125
improvements with median time to response of
29 days and median response duration of 113
days [43]. Overall RR was 18 % in patients with
measurable disease at baseline. The most com-
mon adverse events leading to discontinuation of
study drug were grade 3 ALT (8 %) and AST
(8%) elevation. Only one grade 4 toxicity
(peripheral edema) was reported.

PI3K/AKT/mTOR Pathway

The PI3K/AKT/mTOR pathway plays a critical
role in the regulation of the cell cycle including
cell proliferation, metabolism, and survival, as
well as protein translation and angiogenesis
[44]. PIK3CA amplification (the gene that
encodes the p110a catalytic subunit of PI3K, is
found in 40 % of EOCs [45], and mutation of
PIK3CA is noted in 12 % of ovarian cancers [46]
and up to 50% of type 1 and 30% of type II
endometrial cancers [47, 48]. These changes can
lead to increase in kinase activity, causing onco-
genesis through activation of AKT, which in turn
upregulates mammalian target of rapamycin
(mTOR) activity [49]. Ultimately, these pathway
changes result in increased cell survival, growth,
and chemotherapy resistance [50, 51]. In regards
to cervical cancer, high-risk HPV-related E6 has
been shown to be associated with downstream
mTOR signaling.

When the kinase activity of mTOR is acti-
vated, it results in the synthesis of cell cycle pro-
teins such as hypoxia inducible factor-la
(HIF-1a) and cyclin D. HIF-1a then stimulates
VEGF leading to increased tumor survival and
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angiogenesis in oxygen poor environments [52].
The inhibition of the mTOR pathway stops the
transmission of proliferative signals resulting in
cell cycle arrest and tumor growth inhibition
[53]. The prototypic mTOR inhibitor is rapamy-
cin. However, rapamycin has a poor pharmaco-
logic profile including poor water solubility, thus
other mTOR inhibitors have been developed for
clinical use including everolimus and temsiroli-
mus [54]. Aberrant activity of the mTOR com-
plex appears to be present in many tumor types,
including gynecologic cancers [55]. PTEN, phos-
phatase and tensin homolog, is a tumor suppres-
sor gene that plays a significant role in the
pathogenesis of endometrial cancer. PTEN acts
as a regulator of the PI3K/AKT pathway and loss
of PTEN expression leads to increased PI3K/
AKT/mTOR activation [56].

Temsirolimus

Temsirolimus is a water-soluble ester of rapamy-
cin and has shown variable success in gyneco-
logic cancers. A phase II study evaluated the
activity of temsirolimus in patients with recur-
rent or metastatic endometrial cancer [57]. In
the chemotherapy naive cohort, four patients
(14 %) had a partial response and 20 (69 %) had
stable disease with median duration of 5.1 and
9.7 months, respectively. In the chemotherapy-
treated group, one patient (4%) had a partial
response and 12 (48 %) had stable disease with
median duration of 4.3 and 3.7 months, respec-
tively. The authors concluded mTOR inhibition
with temsirolimus has encouraging single-agent
activity in endometrial cancer. Response was
higher in chemotherapy-naive patients than in
chemotherapy-treated patients and was noted
to be independent of PTEN status. Despite its
promise, caution is necessary. The GOG-248
trial evaluated temsirolimus alone or in combi-
nation with megestrol acetate and tamoxifen in
patients with advanced, persistent, or recurrent
endometrial cancer [58]. The combination arm
was closed early due to high incidence of venous
thrombosis in 31 % (7/22) of patients. Also noted
was one sudden death and one myocardial infarc-
tion. Partial response was noted in 21 % (3/21) of
patients. The authors concluded the combination
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of temsirolimus with megestrol acetate/tamoxi-
fen results in an unacceptable rate of venous
thrombosis and its activity is not sufficient to off-
set its risk of thrombotic events.

Alvarez et al. reported the result of a phase II
GOG clinical trial evaluating the combination of
temsirolimus and bevacizumab in 53 patients
with recurrent or persistent endometrial carci-
noma [59]. Twelve patients (41 %) had clinical
responses (one complete and 11 partial responses)
and 23 (46.9 %) survived progression-free for at
least six months. Median PFS and OS were 5.6
and 16.9 months, respectively. Reported toxici-
ties among the 49 eligible patients included two
gastrointestinal-vaginal fistulas, two intestinal
perforations, and one grade 4 thromboembolic
event. Three deaths were also possibly treatment-
related. The PFS and OS were found to be 5.6
and 16.9 months, respectively. The combination
was deemed active, but not without significant
toxicity.

In ovarian cancer, temsirolimus was evaluated
by Behbakht et al. in a GOG phase II trial of
patients with persistent or recurrent EOC and PPC
[60]. Fifty-four patients were eligible for evalua-
tion: 9.3% experienced a partial response and
24.1 % had PES > 6 months. The authors concluded
temsirolimus appeared to have only modest activ-
ity in persistent/recurrent EOC/PPC, and the PFS
was deemed too low to warrant inclusion in future
phase III studies in unselected patients.

In cervical cancer, two studies have been
reported using temsirolums. A phase I study of
weekly temsirolimus and topotecan was con-
ducted in patients with advanced and/or recurrent
gynecologic malignancies [61]. Two patients
with squamous cell cancer of the cervix were
included, and one of these experienced stable dis-
ease with median time to progression of 3
months. Unfortunately, the combination regimen
was not tolerated in patients with prior radiation
to the pelvis due to dose-limiting myelotoxicity.
On a more promising note, Tinker et al. reported
results of a phase II study of temsirolimus in
patients with metastatic or recurrent, unresect-
able locally advanced cervical cancer [62]. One
patient (3.0%) had a partial response lasting
7.2 months, and nine patients (57.6 %) had stable
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disease with a median duration of 6.5 months
(range 2.4-12.0 months). The median
progression-free survival was 3.52 months. The
single agent was better tolerated, with no toxici-
ties >grade 3 observed.

Everolimus

Everolimus is an orally bioavailable inhibitor of
the mTOR pathway. In a phase II study by
Slomovitz, everolimus was administered prior to
chemotherapy in patients with recurrent endome-
trial cancer [63]. Twelve of 28 patients (43 %)
remained stable at 8 weeks and six of 28 patients
(21 %) had clinical responses at 20 weeks of ther-
apy. This study has ignited further investigation
of this drug in combination with other agents [64,
65]. A randomized phase II trial of everolimus
and letrozole or tamoxifen/medroxyprogesterone
acetate is under development by the GOG for
patients with advanced, persistent, or recurrent
endometrial carcinoma.

A phase I randomized double-blinded trial of
everolimus plus bevacizumab versus placebo
plus bevazicumab in patients with recurrent or
persistent EOC, PTC, or PPC has been conducted
by the GOG. The trial was closed in 2014 and
results are expected to be forthcoming.

EGFR—Epidermal Growth Factor
Receptor Pathway

The epidermal growth factor receptor (EGFR)
pathway consists of four tyrosine kinase cell sur-
face receptors: EGFR, HER2/neu, Her3, and
Her4. EGFR initiates signal transduction path-
ways including the ras/raf/MEK and PI3K paths
that affect cellular proliferation, motility and
invasion, apoptosis, and angiogenesis. EGFR is
overexpressed in 60-80 % of endometrial can-
cers, 73 % of cervical carcinomas, 30-90 % of
EOCs, and 68 % of vulvar malignancies and is
associated with advanced stage and poor prog-
nosis [66—74]. The FDA has approved two tyro-
sine kinase inhibitors, gefitinib and erlotinib,
and two monoclonal antibodies (mAbs), panitu-
mumab and cetuximab, targeting EGFR (see
Tables 6.3, 6.4 and 6.5).
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Table 6.3 Trials of targeted therapies for patients with recurrent or metastatic endometrial cancer

Clinical No of
Drug Target phase patients
Everolimus mTOR II 28
Temsirolimus mTOR II 29
Temsirolimus mTOR I 25
Deferolimus mTOR I 27
Ridaforolimus mTOR II 33
Ridaforolimuns mTOR 11 114
Trastuzumab HER2 II 23
Erlotinib EGFR 11 32
Gefitinib EGFR I 16
Bevacizumab VEGF II 52
Thalidomide VEGF I 24
Sunitinib VEGFR I 16
Sunitinib VEGFR | 1I 20
Sorafenib VEGFR |II 39
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Response PFS Reference
PR: 0% 6 months PFS: NR [63]
SD: 43 % Median PFS: NR
PR: 14% 6 months PFS: NR [57]
SD: 69 % Median PFS: 7.3
PR: 4% 6 months PFS: NR [57]
SD: 48 % Median PFS: 3.3
PR: 7% 6 months PFS: NR [75]
SD: 26 % Median PFS: NR
PR: 8% 6 months PFS: NR [76]
SD: 58 % Median PFS: NR
PR: 0% 6 months PFS: NR [77]
SD: 35% Median PFS:

— Ridaforolimus: 3.6 months

— Progestins 1.9 months
PR: 0% 6 months PFS: NR [78]
SD: 9% Median PFS: 1.8 months
PR: 13% 6 months PFS: 9.3 [79]
SD: 47 % Median PFS: NR
PR: 4% 6 months PFS: NR [80]
SD: 27 % Median PFS: NR
PR: 14% 6 months PFS: 40 % [31]
SD: 50 % Median PFS: 4.2 months
PR: 13% 6 months PFS: 8 % [81]
SD: 8% Median PFS: 1.7
PR: 13% 6 months PFS: 19 % [82]
SD: 13% Median PFS: NR
PR: 15% 6 months PFS: 20 % [83]
SD: 25 % Median PFS: NR
PR: 5% 6 months PFS: 13 % [84]
SD: 49 % Median PFS: 3.4 months

NR not reported, PFS progression-free survival, PR partial response, SD stable disease, VEGF vascular endothelial

growth factor

Erlotinib

Erlotinib is a reversible small-molecule TKI of
EGFR. Erlotinib has been evaluated in several
phase II clinical trials in EOC but only showed
marginal activity [87, 105]. A phase II trial evalu-
ated carboplatin in combination with erlotinib for
patients with recurrent EOC [90]. Among 54
patients, there were 14 partial responses (57 %) in
the platinum-sensitive arm, and only one partial
response (7%) in the platinum-resistant arm.
Erlotinib was also evaluated as a single agent in
patients with recurrent or metastatic endometrial
cancer with only a 12.5% partial RR noted.
Forty-seven percent had stable disease for a
median duration of 3.7 months [79].

Cetuximab

Cetuximab is a monoclonal antibody which binds
to EGFR, and has been FDA-approved for meta-
static colorectal and head and neck cancer [106,
107]. A phase II trial evaluated the expression of
EGFR and the use of cetuximab in combination
with carboplatin in platinum-sensitive ovarian
cancer patients [86]. Twenty-six of the 28 evalu-
able patients had EGFR-positive tumors: nine
showed an objective response (three complete
response, six partial response) and eight had sta-
ble disease. Another phase II trial of cetuximab
in combination with carboplatin and paclitaxel in
patients with advanced EOC or PPC achieved a
38 % PFS at 18 months, though it was not considered
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a meaningful prolongation of PFS over the
expected activity of chemotherapy alone [108]. A
phase II trial assessed the combination of cispla-
tin, topotecan, and cetuximab in patients with
advanced cervical cancer [109]. Six (32%)
patients achieved a partial response. Most of the
patients receiving this therapy experienced grade
3 or 4 myelosuppression, and unfortunately, three
patients died from treatment-related toxicity
resulting in early termination of the trial.

PARP Inhibitors

PARP is a nuclear enzyme that catalyzes the
polyADP ribosylation of proteins involved in
DNA single-strand break repairs [110]. Inhibition
of PARP was shown to be highly selective for
cancers that have homologous recombination
(HR) deficiencies, such as those containing muta-
tions in one or two genes [111]. PARP inhibitors
cause accumulation of single-strand breaks
(SSBs) in DNA which in turn lead to double-
strand breaks as the replication fork progresses.
In the absence of intact double-stranded DNA
repair mechanisms (i.e., mutations in BRCA1
and 2), PARP inhibition eventually results in cell
death [112]. A great deal of focus has been placed
on the use of PARP inhibitors in patients with
BRCA mutation-associated ovarian and breast
cancers. However, PARP inhibitors may also
demonstrate synthetic lethality in cancers defi-
cient in other proteins that mitigate DNA repair
[113-117].

Olaparib has been extensively studied in
patients with ovarian cancer. Fong et al. evalu-
ated 60 patients with refractory solid tumors in a
phase I trial using olapraib [118]. The study
noted that only BRCA mutation carriers had a
significant objective tumor response. Twelve of
the 19 (63 %) derived clinical benefit from treat-
ment, defined as radiologic or tumor-marker
responses or meaningful disease stabilization.
Out of 19 patients, nine had a partial response
(47 %); eight of those patients suffered from
ovarian cancer. In a phase II trial evaluating two
cohorts of women with confirmed BRCA1 or 2
mutations and recurrent EOC, women were ran-
domized to either olaparib at 400 or 100 mg

J.L.Brown and C.S. Chu

twice daily [119]. The RR was 33 and 14 %,
respectively. The most common toxicities
included nausea, anemia, and fatigue. Ledermann
et al. [120] presented data on a randomized phase
II trial of olaparib maintenance therapy in patients
with platinum-sensitive relapsed serous ovarian
cancer. Among patients with a BRCA mutation,
median PFS was significantly longer in the olapa-
rib group than in the placebo group (11.2 vs 4.3
months, p<0.0001). However, OS (58 %) did not
differ between the groups. The most common
grade 3 or 4 toxicities in the olaparib group were
fatigue and anemia.

As stated above, PARP inhibitors are also
being investigated in non-germline mutation
ovarian cancers. Gelmon et al. conducted a phase
II trial of olaparib in high-grade serous/undiffer-
entiated ovarian cancer or triple-negative breast
cancer patients irregardless of BRCA mutation
status [121]. The RR in BRCA mutants was 41 %
with median PFS of 221 days. BRCA mutation-
negative patients had an RR of 24 % and PFS of
192 days. This trial highlighted the clinical utility
of PARP inhibitors in BRCA wild-type patients.
Several other studies investigating PARP inhibi-
tors in conjunction with conventional chemother-
apy agents in recurrent or refractory cervical
cancer patients are also enrolling [122].

On December 19, 2014, the FDA granted
accelerated approval to olaparib (Lynparza™)
with a genetic test called BRACAnalysis CDx, a
companion diagnostic tool that will detect the
presence of germline BRCA mutations. The
FDA'’s decision was based primarily on early
clinical trial results where 137 women with
germline BRCA mutation associated ovarian
cancer treated with olaparib demonstrated an
objective RR of 34% for an average of
7.9 months [123].

Multi-pathway Targeted Agents

Sorafenib functions as a small-molecule inhibitor
that blocks angiogenesis-related receptors includ-
ing KIT, VEGF, PDGFR as well as Raf [124],
which has been studied in ovarian cancer patients
with mixed success. A phase II GOG trial
assessed its activity and tolerability in patients
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with recurrent EOC and PPC [125]. Of the 71 eli-
gible patients, 59 patients (83 %) had measurable
disease, and 12 (17 %) had detectable disease.
There were 32 incidences of grade 3 or 4 toxici-
ties. Fourteen patients (24%) survived
progression-free for at least 6 months. Two
patients (3.4 %) had partial responses, 20 had
stable disease. The authors concluded sorafenib
has modest antitumor activity in patients with
recurrent EOC, but at the expense of substantial
toxicity.

A phase I study evaluating the use of bevaci-
zumab with sorafenib in patients with advanced
solid tumors [126] noted a 43 % partial RR seen
among the 13 ovarian cancer patients. Toxicities
were common and led to dose reductions in 74 %
of patients. Two patients with EOC developed
fistulae in areas of rapid tumor regression.

Herzog et al. published findings of a random-
ized phase II trial assessing maintenance therapy
with sorafenib in frontline EOC and PPC patients
[127]. Patients were randomized to -either
sorafenib 400 mg BID or placebo. Greater than
90 % of the 246 patients had ovarian cancer. The
most common toxicity was hand—foot skin reac-
tion (39 % vs 0.8 %, respectively). Unfortunately,
there was no difference in regards to PFS. The
authors concluded that sorafenib could not be
recommended as maintenance therapy.

A recent phase II randomized trial, evaluating
sorafenib alone or in combination with carbopla-
tin/paclitaxel in women with recurrent
platinum-sensitive EOC, FTC, or PPC, showed
that sorafenib, both alone and in combination
with carboplatin/paclitaxel, has activity [128].
RR was 15 % for patients on sorafenib vs. 61 %
for patients on sorafenib plus chemotherapy; sta-
ble disease was seen in 35 and 62 %, respectively.
Median PFS was 5.6 months for sorafenib vs.
16.8 months for sorafenib plus chemo, but there
was no significant difference in OS (p=0.974).

Immunotherapy
Manipulation of the immune system to restore or

generate de novo responses to treat malignancy is
the primary goal of anticancer immunotherapy.

Antitumor immune responses of tumor-reactive
T cells and antibodies can be detected in periph-
eral blood, tumors, and lymphatic channels of
patients with advanced EOC [129, 130], indicat-
ing the tumor’s innate immunogenicity.
Unfortunately, tumor-associated immune sup-
pressive mechanisms are many, and include the
presence of regulatory T cells (Tregs), and inhibi-
tory signaling from molecules such as CTLA-4.

Most published preclinical trials have demon-
strated the requirement of T lymphocytes for the
eradication of solid tumors [131]. Cytotoxic T
lymphocytes (CTLs) or CD8+ T cells represent
the primary effector cells involved in immune-
mediated destruction of cancer cells. CTLs recog-
nize, engage, and destroy target cells through the
interaction of the antigen-specific receptor (TCR)
on the CTL and peptides that are presented by the
target cell to the CTL [132, 133]. These antigens
are presented in the context of histocompatibility
antigens also referred to as human leukocyte anti-
gens (HLA). All somatic cells in the human body
express HLA molecules on their surfaces. HLA
molecules present on the cell surface serve as an
expression of internal proteins cells that have
been enzymatically digested into small peptides.
These molecules essentially give the immune sys-
tem an external view of the internal contents of
the cell. This information enables CTLs to recog-
nize aberrant changes in the cellular proteins
(tumor-associated antigens, TAAs) that are indic-
ative of malignant transformation. The recogni-
tion of cancer cells as dangerous results in their
targeted destruction by the CTL. The identifica-
tion of specific peptides that mark the tumor cells
as “abnormal” allows for immune targeting of
cancer cells. Currently, several TAAs associated
with gynecologic cancer have been described and
include E6/7, HER2/neu, p53, CA125, STn,
FR-a, mesothelin, NY-ESO-1, VEGF, and cdr-2
[134—-137] (see Table 6.6).

The most progress in immunotherapy for
gynecologic cancers has been made in
EOC. Correlation between the presence of CTLs
or CD8+ tumor infiltrating lymphocytes (TILs)
and prolonged PFS and OS has been shown in
patients with advanced-stage EOC [152]. The
presence of CD8+ TILs correlates with increased
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Table 6.6 Tumor-associated antigens in gynecologic

cancer
Tumor-
associated
Antigen category | antigen Cancer type
Cancer/testis NY-ESO-1 [138] | Ovarian
Posttranslation MUCI [139] Ovarian
modification
Posttranslation Cathepsin D Ovarian
modification [140]
Differentiation EpCAM [141] Ovarian
Differentiation Mesothelin [142] | Ovarian
Amplified HER2/neu [143] | Breast
Amplified HSP 90 [144] Ovarian
Amplified HoxB7 [145] Ovarian
Amplified Folate Ovarian
receptor-o [146]
Amplified Sialyl Tn [147]
Amplified WT-1 [148] Ovarian and
endometrial
Mutational pS53 [149] Squamous cell
Viral HPV E6 [150] Cervical
Viral HPV E7 [151] Cervical

survival and is a superior marker for prognosis
[153]. Zhang et al. documented 5-year OS of
38.0 % among patients whose tumors contained
TILs and 4.5% among patients whose tumors
contained no TILs [152].

Tregs, formerly called suppressor T cells, are
a subpopulation of T cells that help to modulate
the immune system, prevent the development of
autoimmune disorders, inhibit nonspecific T-cell
activation, and suppress endogenous tumor-
associated antigen (TAA)-specific T-cell immu-
nity [154]. The presence of Tregs, classified as
CD4+/CD25+/FoxP3+ T cells, correlates with
decreased survival in EOC [155]. Barnett et al.
assessed the extent of Treg infiltration in a series
of 232 primary serous ovarian cancer specimens.
In this series, the extent of infiltration was associated
with higher grade and advanced stage [154].

Several broad categories of immune-based
strategies have been utilized in patients with
gynecologic malignancies: therapeutic vaccina-
tion with peptides or pulsed dendritic cells (DCs),
adoptive T-cell transfer, monoclonal antibody
therapy, and immune checkpoint modulation.

J.L. Brown and C.S. Chu

Peptide Vaccines

The initial identification of specific peptides that
mark the tumor cells as “abnormal” and the sub-
sequent re-introduction of these peptides is the
basic methodology behind cancer-targeted pep-
tide vaccines. Investigations with various peptide
targets are reviewed.

Her2Neu

Ovarian surface epithelium is weakly positive for
HER?2 and positive HER2 immunostaining may
be found in benign/borderline ovarian tumors
as well as in their malignant counterparts [156].
McCaughan et al. described HER2 amplification
and expression in all major epithelial ovarian
cancer subtypes. HER2 gene amplification was
noted in mucinous carcinomas (25 %), mixed-
type carcinomas (11.9%), clear cell carcino-
mas (4%), serous papillary carcinomas (3 %),
and endometrioid carcinomas (2.1 %) [157]. In
EOC, HER2 expression has been found to be an
independent risk factor for decreased survival
[158]. Additionally, patients with negative HER2
have been noted to have better chemotherapy
responses, and improved survival [159].

A phase I study by Disis et al. evaluated the fea-
sibility of a HER-2/neu vaccine for the treatment
of advanced-stage HER2/neu expressing cancers.
T-cell expansion was seen in 7/8 (88 %) of patients.
Most adverse events were grade 1-2. Partial clini-
cal responses were observed in 43 %. The study
concluded HER?2 vaccination was both feasible
and well tolerated [160-162]. Further investiga-
tion of the HER2 vaccine in gynecologic cancers
is needed to establish a clear survival benefit.

NY-ESO-1

NY-ESO-1 is a cancer-testis antigen which is
strongly immunogenic and highly expressed in
ovarian cancer. Odunsi et al. evaluated the effi-
cacy of vaccination with NY-ESO in EOC
patients, and noted median PFS of 21 months and
median OS of 48 months. CD8(+) T cells derived
from vaccinated patients were shown to specifi-
cally lyse NY-ESO-1-expressing tumor targets
[163]. A phase I trial performed by the same
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group evaluated the potentiation of NY-ESO vac-
cine based on the theory that DNA methyltrans-
ferase inhibitors may augment vaccine efficacy
[164]. In this trial, 12 patients with relapsed EOC
were evaluated using a dose-escalation of
decitabine, as an addition to NY-ESO-1 vaccine
and liposomal doxorubicin chemotherapy. The
regimen was safe, with limited and clinically
manageable toxicities. Disease stabilization or
partial clinical response occurred in 6/10 evalu-
able patients.

P53

P53 is a tumor suppressor protein encoded on
chromosome 17. It also functions as a self-
antigen expressed in low levels on normal cells.
Induction of p53-specific CTLs with the ability
to eliminate p53-presenting tumors without
inducing immunopathologic damage to normal
tissue has been observed in several studies [165,
166]. In a phase II trial, p5S3-SLP vaccine was
given to patients with ovarian cancer.
Cyclophosphamide was also administered in
order to decrease Tregs with the goal of improving
vaccine immunogenicity [167]. Combination
therapy with cyclophosphamide and the p53-SLP
vaccine induced higher p53-specific responses
compared with p53-SLP monotherapy and pro-
duced a clinical response in 20% (2/10) of
patients.

The GOG conducted a phase II trial evaluat-
ing p53 peptide vaccine via subcutaneous (SQ)
injection or intravenous (IV) pulsed DCs in
patients with ovarian cancer at high risk of
recurrence [137]. The study involved 22 patients
with tumors overexpressing the p53 protein.
Nine of 13 patients (69 %) who received SQ
injections and five of six patients (83 %) who
received IV peptide-pulsed dendritic cells devel-
oped an immunologic response. The median OS
was 40.8 and 29.6 months, respectively; the
median PFS was 4.2 and 8.7 months, respec-
tively. The study concluded either vaccination
approach could generate comparable specific
immune responses against the p53 peptide with
minimal toxicity.

Adoptive T-Cell Therapy

Adoptive T-cell therapy for cancer consists of
removing immune cells from the patient, manip-
ulating them ex vivo to enhance their activity,
and then re-infusing them with the goal of
improving the immune system’s antitumor
response [168]. The primary benefit of using
CD8+ T cells for adoptive therapy is their ability
to specifically target tumor cells through the rec-
ognition of differentially expressed tumor pro-
teins presented on the cell surface. A phase I trial
by Kershaw et al. evaluated autologous T cells
modified to express a chimeric receptor specific
for the tumor-associated antigen folate receptor
(FR) in patients with metastatic ovarian cancer
[169]. FR-specific T cells could consistently be
produced from all 14 patients in the study how-
ever, there was no evidence of antitumor
responses in any patient as determined by com-
puted tomography scan or serum CA125. Poor
trafficking of T cells to tumor, as shown by the
observed lack of tumor localization of radiola-
beled cells, was described as partially responsi-
ble for the absence of patient responses.

Natural killer (NK) cells have also been inves-
tigated as adoptive therapy. NK cells are part of
the normal innate immune response that may
function to perform tumor surveillance [170]. A
phase II trial conducted by Geller et al. [170]
treated 14 women with ovarian cancer with
ex vivo activated haplo-identical related NK
cells. These cells were transferred after adminis-
tration of lymphodepleting chemotherapy.
Significant toxicities were noted, and at a median
of 36 days following transfer, four patients were
noted to have a partial response while 12 had
stable disease.

Dendritic Cell Vaccination

DCs function as professional antigen-presenting
cells, processing and presenting antigenic mate-
rial on their surface to T cells [171]. DCs can
enhance tumor antigen-specific CTL responses
by presenting tumor antigens to CD4 and CD8 T
lymphocytes present in lymph nodes adjacent to
primary tumors. Activated T cells then eliminate
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tumor cells and activate B cells to generate tumor
antigen-specific antibodies.

Several clinical trials have shown benefit
including a randomized phase I/II trial of autolo-
gous DCs pulsed with Her-2/neu, hTERT, and
PADRE peptides administered with or without
cyclophosphamide for 11 patients with advanced
ovarian cancer in remission [172]. Of nine
patients receiving the full course of vaccinations,
three recurred at 6, 17, and 6 months, and six
remained disease-free at 36 months of follow up.
No grade 3/4 vaccine-related toxicities were
noted. The 3-year OS was 90% with patients
receiving cyclophosphamide demonstrating a
non-significant survival advantage. Brossart et al.
[173] tested HER-2/neu or MUC 1 -peptide pulsed
autologous DC vaccinations in 10 patients with
advanced breast or ovarian cancers. Peptide-
specific CTL responses were generated in 50 %
of the patients, but unfortunately, these were not
correlated with clinical responses.

Monoclonal Antibodies

CA12S5 is a surface glycoprotein tumor antigen
and is elevated in 79 % of all patients with ovar-
ian cancer. CA125—-oregovomab complexes can
prime dendritic cells, leading to downstream acti-
vation of T cells [174]. Oregovomab is a
monoclonal antibody that binds to CA125 with
high affinity and can produce both cellular and
humoral immune responses in ovarian cancer
patients [175]. It was initially developed as a
technetium 99c-labeled antibody for the immu-
noscintigraphic detection of recurrent ovarian
cancer by virtue of tumor expression of CA125
[176]. However, some patients receiving this
imaging agent experienced an unexpected sur-
vival advantage, prompting investigations into
the antibody's therapeutic potential [177].
Immunologic effects of oregovomab were ini-
tially tested in EOC patients in 1998 [178].

In 2004, Gordon et al. evaluated the immune
response and clinical outcomes in patients with
recurrent EOC when treated with oregovomab
and chemotherapy [179]. Oregovomab produced
no serious adverse effects and was well tolerated.
Significant increases in T-cell responses were
measured in 79 % of patients (15 of 19). Immune
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responses appeared within 12 weeks and were
generally maintained or augmented in patients
continuing combined treatment. Median OS was
70.4 weeks (4.6—141.6 weeks), and the median
PES was 11 weeks (2.6-114.6 weeks). Patients
who mounted a T-cell response to CA125 and/or
autologous tumor showed significantly improved
survival compared to patients who did not. A
phase III trial which recruited 375 stage III and
IV EOC patients showed that while bioactivity
was demonstrable and the drug was well toler-
ated, patients receiving oregovomab had similar
clinical outcomes vs. placebo [180].

Trastuzumab is a monoclonal antibody target-
ing HER2 and is commonly used as adjuvant
therapy in HER2-expressing breast cancer
patients. It has been evaluated as a therapeutic
agent in gynecologic malignancies as well. GOG
160, a phase II trial, evaluated trastuzumab in
patients with recurrent or refractory EOC or
PPC. An overall RR of 7.3% in the 41 eligible
patients with HER2 overexpression was noted.
Trastuzumab was relatively well tolerated and
several patients demonstrating either response or
disease stabilization received treatment for
greater than 12 months. Only 11.4% of tumors
exhibited 2+ or 3+ expression and there was no
relationship found between HER?2 expression
and clinical responses or survival [162].

Immune Checkpoint Modulation
Manipulation of the immune checkpoint inhibi-
tors that serve as checks and balances in the regu-
lation of the immune system [181] has been
investigated as an avenue for immune therapy.
Most recent advances focus on removing these
inhibitors in order to facilitate host antitumor
responses. Researchers have sought to identify
cytokines that induce the maturation, activation,
and migration of inflammatory cells and have
used these factors to activate the immune system
against tumor cells. Cytokines profoundly affect
inflammatory cells, and they activate immune
responses by multiple mechanisms.

Several studies evaluating the use of cytokines
in patients with gynecologic cancer have yielded
mixed results. A phase II trial evaluating IL-12 in
patients with EOC-reported therapy was tolera-



6 Developmental Therapeutics for Gynecologic Cancers: An Overview

ble but there no complete responders and 50 % of
patients had stable disease [182]. Vlad et al. eval-
uated intraperitoneal IL-2 in patients with plati-
num refractory or resistant EOC [183]. Among
24 patients, six (four complete and two partial)
responses were noted with an overall RR of 25 %.
The regimen was well tolerated; patients with
more circulating IFNa secreting CD8 cells at
early time points had better chances for survival.

Cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) is a protein receptor found on the sur-
face of T cells that downregulates the antitumor
immune system [184]. Ipilimumab is a monoclo-
nal antibody targeting CTLA-4. This therapy has
been extensively studied in patients with mela-
noma [185-189]. In a phase I/Il trial for 11
patients with stage I'V ovarian cancers which had
previously either received chemotherapy or
GVAX (a vaccine product comprised of autolo-
gous, irradiated tumor cells engineered to secrete
the immune stimulatory cytokine, granulocyte
macrophage colony-stimulating factor), ipilim-
umab was well tolerated with the exception of
grade 3 inflammatory toxicities in two patients
[189, 190]. Significant antitumor effects were
seen in one patient who showed a dramatic fall of
serum CA125 levels (43% reduction) and a
substantial regression of hepatic metastasis, com-
plete resolution of mesenteric lymph nodes and
omental cake. Ipilimumab is currently being
studied in the setting of recurrent/advanced cervi-
cal cancer as well.

Therapeutic Immunotherapies Targeting
Cervical Cancer

In cervical cancer, therapeutic strategies targeting
HPYV have been examined. Efficacy for preventa-
tive HPV vaccination in large clinical trials is
plentiful, but data in support of therapeutic vac-
cination are still modest. Cellular immune
responses against HPV E6/E7-expressing cells
are able to eliminate dysplasic or neoplastic cells
driven by HPV infection [191]. Clinical trials
have focused on augmentation of the anti-HPV
immune response. In 2006, Santin et al. evaluated
HPV 16/18 E7 pulsed dendritic cell vaccination
in cervical cancer patient with recurrent refrac-
tory disease [192]. Autologous DC pulsed with

17

HPV16/18 E7 proteins induced systemic B- and
T-cell responses in patients unresponsive to stan-
dard treatment modalities. The vaccine was well
tolerated in all patients and no local or systemic
side effects were seen. ADXS11-001 is an immu-
notherapy based on a live-attenuated Listeria
monocytogenes that secretes fusion protein
LM-LLO-E7 targeting HPV-associated tumors
[193]. Phase I and II trials have been conducted
using ADXS11-001. Maciag et al. [194] enrolled
15 patients in a phase I dose-escalation study in
women with advanced cervical cancer following
failure of traditional therapy and noted dose-
limiting toxicity to be reached at 1xthe data, a
phase II GOG study is currently in progress for
patients with advanced, metastatic, or recurrent
cervical cancer that has failed prior systemic che-
motherapy. An additional randomized phase II
trial in India administering ADXS11-001 with or
without cisplatin is also being conducted in 110
patients with recurrent cervical cancer [195].

Conclusions

Advanced gynecologic malignancies have tradi-
tionally been treated with a combination of sur-
gery, chemotherapy, and radiation. These
therapies have proven success, though often at
the expense of severe toxicities, and in many
cases resulting in only temporary responses. In
recent years, advances in molecular biology and
immunology have allowed more specific target-
ing of various pathways and factors in tumor
immunity that may eventually lead to improved
treatment efficacy with fewer side effects. While
some progress has been made, results to date are
mixed, and much work will be necessary to bring
the goals of targeted therapies to fruition.
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Abstract

Survival rate of reproductive aged women with gynecologic cancer has
steadily been improving. As cancer therapy and cancers themselves may
carry the risk of infertility and many of these young female cancer patients
did not complete their family planning yet at the time of cancer diagnosis,
fertility preservation has an emerging importance. Oncofertility is a rising
concept requiring the contributions of both gynecologic oncology and
reproductive medicine. All patients should be adequately informed at the
time of diagnosis about the risk of infertility and the available methods for
fertility preservation so they will have maximal chance to make an optimal
decision without any significant impact and delay in oncologic outcome.
The current treatment options for gynecologic malignancies include a
wide variety of cytotoxic chemotherapy, different radiation treatments,
multiple surgeries and anti-estrogen therapy, or any combination of these.
Although these therapies can significantly reduce mortality, it can cause
long-term toxicity, such as induction of an early menopause and fertility
impairment even when the ovaries and the uterus left in place. At the pres-
ent time, there are several potential options available including both stan-
dard and experimental assisted technologies. Embryo and sperm banking
are the standard methods but many experts also count oocyte cryopreser-
vation as a standard technique. Ovarian tissue harvesting, cryopreserva-
tion, and transplantation are safe but still believed as experimental as their
utilization is still limited and their true value needs to be determined.
Several pioneering procedures are being actively investigated, including
uterus transplantation and in vitro follicle maturation, which may magnify
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the number of fertility preservation options for young cancer patients in
the future. It is with great importance to start to discuss fertility preserva-
tion options even in the gynecologic oncologist’s office and initiate the
referral to fertility specialists immediately. The application of structured
psychosocial supportive care also helps these patients through of this
demanding time. In this chapter, the current data and concepts regarding
fertility preservation of female patients with gynecological malignancies
are reviewed.

Keywords
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Introduction

A cancer diagnosis and the subsequent some-
times radical treatments in young female patients
can cause limited fertility or even infertility.
Approximately 10 % of all female cancer survi-
vors are younger than 40 years of age [1]. For
example, although infrequent, about 6-7% of
women with breast cancer are diagnosed
<40 years in Western countries [2]. Overall, the
number of young cancer survivors increases as
more effective treatments are available. Currently,
the 5-year survival rate for the 15- to 39-year age
group has a wide distribution ranging from 23 %
for stomach cancer to 99 % for thyroid cancer,
with an overall average of 80 % [3]. Because of
an increase in delay of first pregnancy due to cul-
tural, professional, educational, and personal rea-
sons, many of these young cancer survivors have
not completed their families when diagnosed [4].
As such, most young cancer survivors end up liv-
ing with the negative effects of cancer for a long
time and the restricted fertility can be among
these long-term effects. About 70% of young
cancer patients have the desire for childbearing
therefore preserving fertility should be an essen-
tial part of their comprehensive treatment plan
[5, 6]. It is well known that the probability of
young cancer patients having children is reduced
in contrast to the general population and further-
more, women are more affected than men [7].
Fertility preservation referred to as oncofertility

is often the only option for cancer patients with a
high risk of infertility to have offspring in the
future [8]. The standard treatment of many gyne-
cological cancers is removal of the uterus and
adnexa even if this approach permanently harms
the reproductive capacity of young women. This
practice has slowly changed toward less radical
surgeries in young women with early-stage gyne-
cological cancer desiring future fertility. Not all
patients diagnosed with gynecological cancer
have the opportunity to discuss fertility preserva-
tion options before the start of treatment [9].
Oncofertility is a new, emerging concept and
should be an integral part of everyday oncology
practice. The future role of oncofertility is to help
these patients in optimal decision making without
significant delay and impact in their oncologic
outcome. The main purpose of this review is to
summarize the current data and methodology
about oncofertility focusing from the gynecologic
oncologic perspective.

The Concept of Oncofertility

Oncofertility is a new area of specialized care
that has brought great attention in the past decade.
Historically, oncofertility has been relatively
overlooked because the priority for its major
beneficiaries —young patients with cancer—was
longer survival. In the past, there were only few
options available but with recent developments
there is more reason for optimism nowadays.
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Unfortunately, there is sparse knowledge about
the real sensitivity of germ cells to the wide range
of agents used for treating cancer and hemato-
logical or autoimmune diseases, and dietary
factors or environmental hazards and tobacco
[10, 11]. Thus it is difficult to predict which
patient will benefit from the fertility preservation.
The question arises whether oncofertility should
be accepted as a new field or should stay within
the domain of reproductive endocrinology and
infertility. The concept of oncofertility was first
proposed in 2006 in order to improve fertility
outcomes of young adults who were diagnosed
with cancer of any kind and are scheduled to
undergo therapy for cancer [10]. In the same
year, an Oncofertility Consortium, funded by
National Institute of Health (NIH), was estab-
lished. Oncofertility might be defined as ‘“the
application of surgical, medical, or laboratory
procedures to preserve the potential for genetic
parenthood in adults or children with cancer
diagnosis who are at risk of sterility before the
end of the natural reproductive lifespan.” This
endeavor should address both medical and social
needs in circumstances where fertility is threat-
ened by gonadotoxic agents used therapeutically.
In 2006, Lee et al. with The American Society of
Clinical Oncology (ASCO) published guidelines
addressing the concept of oncofertilityand the
necessity for early pretreatment counseling for
young patients who will undergo cancer treat-
ment [12]. Generally, sperm and embryo banking
are the standard methods used for patients whose
fertility under risk while oocyte banking and
ovarian tissue cryopreservation are often consid-
ered experimental. On the contrary, the American
Society of Reproductive Medicine (ASRM) cur-
rently states that oocyte cryopreservation is no
longer considered to be experimental [1].

The Impact of Cancer Therapies
on the Reproductive Capability

In order to be independently fertile, a woman
must have the following: a functioning neuroen-
docrine system that provides that capability to
maintain a pregnancy; a healthy pool of ovarian
follicles; and a receptive uterus that will support
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embryo implantation and fetal development to
term [13]. It is well known that all women are
born with approximately two million primordial
follicles, but the number of follicles decreases to
500,000 at the onset of menarche by age 12 years.
By the late thirties, this number falls to under
25,000, and when menopause occurs, it reaches
around 1000 [14]. Cancer treatments decrease the
number of primordial follicles which dictates a
woman’s reproductive lifespan. Since younger
patients have a larger starting pool of follicles,
they can tolerate larger doses of irradiation and
chemotherapy compared with older patients
before manifesting menopausal or infertility
symptoms [14, 15].

Radiation-Associated Damage

It is very difficult to predict how radiation will
affect fertility. It is known that the reproductive
consequences of radiotherapy are highly depen-
dent on the dose, site, duration of exposure, fre-
quency of treatments, and whether or not it is
administered in isolation or in combination with
chemotherapy [16]. Radiation therapy is used to
treat multiple gynecological malignancies, caus-
ing ovarian damage and infertility by atrophy of
the ovary and reduced primordial follicle reserve.
The accepted dose at which half of the follicles
are irreversibly lost in humans (LD50) is 4 Gy
[17]. There are two ways that ionizing radiation
damages the ovaries. First is the direct damage to
DNA by photons, x-rays, gamma rays, and neu-
trons. The second is the indirect effects of radia-
tion on other adjacent substances in the cell such
as water leading to the formation of free radicals
that cause DNA damage [18]. Many factors influ-
ence the degree of ovarian damage caused by ion-
izing radiation such as the patient's age, dose,
type of radiation used and the length of radiation
as well as use of concomitant chemotherapy [19].
Multiple forms of radiation treatment are admin-
istered in gynecologic oncology including
external-beam radiation therapy, interstitial or
intracavitary brachytherapy, and proton therapy.
Radiation therapy is associated with increased
risk of developing acute ovarian failure, particu-
larly if both ovaries are within the radiation field.
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Radiotherapy can damage follicles, targeting
them for either repair or elimination [13, 20]. It is
well known that actively dividing cells are more
susceptible to radiation-induced damage and
death, but oocytes in the young adult are arrested
in prophase of meiosis I, so they are more resis-
tant to radiation than cells in mitosis [13].
Primordial follicles, which are considered to be
quiescent, show more resistance to radiation than
growing follicles [13, 20]. Wallace et al. pub-
lished the dose necessary to destroy 50% of
immature human oocytes (LD50) is less than
2 Gy [21]. Other studies published that the effec-
tive sterilizing dose of radiation was inversely
correlated with age [18, 22]. At birth it is 20.3 Gy
but it decreases to 16.5 Gy at age 20 [18]. Ovaries
of younger women are more resistant to perma-
nent damage from irradiation due to the higher
number of primordial follicles [18]. In addition to
causing ovarian damage, radiotherapy also has
adverse effect on the uterus, causing decreased
uterine blood flow, impaired uterine growth, and
decreased uterine volume. These uterine changes
not only impact fertility, but also increase the inci-
dence of complications during pregnancy, such as
premature labor, and low birth weight or even
early fetal loss [23, 24]. Radiation, particularly
targeting the head and neck area, can severely
affect the function of the hypothalamus and pitu-
itary axis [25, 26]. Rose et al. published cases of
hypothalamic dysfunction after chemotherapy
even in the absence of cranial irradiation [27].

Chemotherapy-Associated Damage

Chemotherapy is administered to treat almost all
malignancies and it also has a major effect on
fertility. Regardless of the difficulty in foreseeing
how chemotherapy will impact the reproductive
axis, several main points can be stated.
Chemotherapies have different mechanisms of
action and different gonadotoxic capabilities.
Overall, chemotherapeutic agents target dividing
cells. However, most human follicles, though
primordial, are arrested in meiotic division.
Nonetheless, they can still be injured by chemo-
therapeutic drugs. The increase in follicle
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depletion during chemotherapy comes from the
increased follicle sensitivity to the cytotoxic
effects combined the given number of follicles
that continue to undergo atresia during reproduc-
tive cycle until menopause [28]. The mechanism
of action by which chemotherapy damages folli-
cles is still unclear. Meirow et al. published a
hypothesis that follicular apoptosis and follicular
“burn out,” are the possible mechanisms behind
this phenomenon [29]. They hypothesized that
there is an increased activation of follicles from
the resting pool, causing an accelerated atresia,
and premature burn-out of the primordial follicle
reserve [29]. Furthermore, cortical fibrosis may
develop when chemotherapy leads to hyaliniza-
tion of cortical blood vessels called endarteritis
obliterans, which results in cortical ischemia
harming the growth and survival of primordial
follicles [29]. Histological evidence of ovarian
specimens revealed that chemotherapeutic drugs
diminish the primordial follicle pool, promote
ovarian atrophy, limit ovarian blood vasculature,
decreased ovarian weight, and create stromal
fibrosis [30, 31]. The number of studies evaluat-
ing the impact of chemotherapeutic drugs on ova-
ries is limited (Table 7.1) [32-41]. Following
Docetaxel administration, poor follicle health
was mainly due to effects on granulosa cells,
demonstrating that the effects of Docetaxel on
oocytes was possibly secondary to granulosa cell
damage [37]. Docetaxel damages mainly grow-
ing follicles without direct effect on the primor-
dial follicle reserve [37]. In mice, ovarian stroma
cells exhibit an earlier DNA damage response
than granulosa cells in response to drug accumu-
lation of doxorubicin, however the granulosa
cells are more sensitive, responding with greater
levels of DNA damage [38]. Doxorubicin crosses
the blood—follicle barrier and accumulates in
oocytes and granulosa cells [36]. The mechanism
of doxorubicin-induced apoptosis involves chro-
mosomal disintegration, activation of the mito-
chondria followed by activation of PERK and
caspase-12 and inactivation of PARP [36].
Intensive research is underway to evaluate pre-
ventive agents to decrease chemotherapy-induced
follicle death. For example, sphingosine-1-
phosphate (S1P), a ceramide-induced death
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Table 7.1 Impact of chemotherapy on the ovary and the human follicle reserve

Agent

Docetaxel alone
apoptosis
Cyclophosphamide alone

Doxorubicin alone

Impact on reproductive organs

Granulosa cell damage, induction of somatic cell

Apoptosis in primordial follicles, oocytes, granulosa cells.
Damaged granulosa cell nuclei in human. Follicle loss and
apoptotic DNA fragmentation in the ovary

Apoptosis of primordial, pre-antral follicles, oocytes,
granulosa cells, stroma, and blood vessels. Stroma
cell-enriched populations exhibited an earlier DNA

References
Lopes et al. [32]

Oktem et al. [33]
Raz et al. [34]

Meng et al. [35]

Li et al. [36]

Roti Roti et al. [37]
Bar-Joseph et al. [38]
Li et al. [36]

damage response than granulosa cells. Chromosomal
disintegration, activation of the mitochondria

Cyclophosphamide combined
with vincristine and
carmustine

Non-sterilizing doses of
alkylating and non-alkylating
chemotherapy

Deterioration of the quality of the pre-antral follicles.
Abnormalities in granulosa cell nuclei

Cortical fibrosis and blood vessels damage

Damage to cortical blood vessel and proliferation of small
vessels. The cortex showed focal areas of fibrosis with
disappearance of follicles. Decreased estrogen production.

Meirow et al. [39]

Oktem et al. [40]

Decreased number of primordial follicles

pathway inhibitor, significantly reduced cyclo-
phosphamide and doxorubicin-induced apoptotic
follicle death in human ovarian xenografts [42].
The most damaging agents are the alkylating
agents (notably cyclophosphamide, ifosfamide,
nitrosoureas, chlorambucil, melphalan, busulfan,
and procarbazine). One of the most studied is
cyclophosphamide, which is used to treat many
solid tumors as well as hematologic malignancies
[43]. Tt is a member of the nitrogen mustard fam-
ily and attacks an alkyl group to the guanine base
of DNA and known to damage oocytes and gran-
ulosa cells in a dose-dependent manner [44].
Interestingly, cyclophosphamide is not cell cycle-
specific therefore damage occurs at different
stages of the cell cycle, including resting primor-
dial follicles [44]. When cyclophosphamide was
used in combination with other agents, deteriora-
tion in follicular quality was observed, mani-
fested mainly as an increase in abnormal
granulosa cell nuclei and in oocyte vacuoliza-
tion [39]. Many other classes of chemotherapeu-
tic drug groups include platinum derivatives
(carboplatin, cisplatin, and oxalyplatin), antibi-
otics, antimetabolites, plant alkaloids, and tax-
anes are used for treatment. Carboplatin and
cisplatin have also been shown to be gonado-
toxic with an estimated odds ratio (OR) of 1.77
for ovarian failure [30]. The effects of latest

targeted therapies, such as monoclonal antibody
targeting neovascularization bevacizumab, are
not known yet.

Preservation of Female Fertility

Previously, gamete and embryo storage was the
most frequently used and studied method of fer-
tility preservation, however new options are
available as research breakthroughs are trans-
lated into clinical practice (Table 7.2). According
to The American Society of Clinical Oncology
(ASCO) and The American Society of
Reproductive Endocrinology (ASRM), sperm
and embryo cryopreservation are still the recog-
nized standard procedures for fertility preserva-
tion purposes for young women and men [12].
Other available options which still recognized as
experimental but offered in health care facilities
with special expertise and services in place will
be also discussed in this chapter. As there are
many fertility preservation options available
today, individual patient-related characteristics
will determine the best approach. These charac-
teristics include a patient’s age, pretreatment
ovarian reserve, location of malignancy, the type
and duration of adjuvant or neoadjuvant
treatment.



134

Table 7.2 Current options for fertility preservation in women
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Type Method Time requirements Delay in cancer treatment
Surgical Ovarian transposition Immediate, outpatient procedure | No

Trachelectomy Immediate, inpatient procedure | No

Ovarian tissue preservation Immediate, outpatient procedure | Yes

Ovarian tissue autologous transplant | Immediate, outpatient procedure | N/A

Gonadal shielding Concurrent with radiotherapy No

Uterus transplantation After anticancer treatment No

Non-surgical | Gonadal suppression with GnRH

Concurrent with chemotherapy | No

Embryo cryopreservation 10-14 days from menses Yes

Oocyte cryopreservation 10-14 days from menses Yes

Development of ovarian follicle Experimental, different timing N/A

in vitro ovarian follicle culture
Other Progesterone treatment in early- 3-12 months No

stage endometrial cancer

Fertility sparing surgery in Immediate, in- or outpatient No

early-stage ovarian cancer procedure

Surrogacy N/A N/A

Oocyte donation N/A No

field at least to the level above the pelvic brim

Surgical Methods [45]. Ovarian vessel pedicle length is limiting

Ovarian Transposition
(Oophoropexy)

Pelvic irradiation is a common treatment for can-
cer, specifically for cancers involving the lower
genital tract. Pelvic irradiation can cause ovarian
follicle depletion and cortical fibrosis as well as
uterine damage resulting in pregnancy loss and
premature labor. Alleviating these effects of radi-
ation is of main importance in preserving fertil-
ity, and the two most frequently used techniques
are ovarian transposition and gonadal shielding.
Oophoropexy, also known as ovarian transposi-
tion (OT), is a relatively simple procedure of
elevating and suspending the ovaries out from the
pelvis and the future radiation field. Historically,
ovaries are transposed behind uterus in Hodgkin’s
disease with extra pelvic shielding, however in
cervical cancer ovaries should be transposed
higher in lateral abdominal walls lateral to psoas
muscles. The surgery should be performed before
radiation therapy and can be done as an outpa-
tient procedure or at the time of hysterectomy or
other pelvic surgery. It is suggested that the ova-
ries should be moved out of any pelvic radiation

factor for upper distance of OT. In one study the
lowest limit of transposed ovaries spared from
RT was reported to be 1.5 cm above iliac crest.
Locations lower than this point leaded to ovarian
failure in higher rates [46]. Potential complica-
tions are pain because of ovarian torsion or cyst
formation necessitating surgical interventions. It
is suggested to mark the ovaries with surgical
clips to determine the location when planning the
radiotherapy field. Some experts suggest to repo-
sitioning the ovaries in a subsequent surgery to
perform in vitro fertilization but spontaneous
pregnancies have occurred and published without
repositioning the ovaries back to their original
location [47]. Functional ovaries with good blood
supply do not need to be repositioned unless the
patient is unable to conceive [47]. The rates of
ovarian preservation with oophoropexy were
reported as high as 90 % [48]. It is important to
suspend the ovaries above the pelvic rim because
under the pelvic rim the method has very low
protective value and it reduces radiation exposure
to the ovaries to only 5-10% [49]. The most
important factors causing failures are scatter
radiation, radiation dose, vascular compromise,
patient age, and whether the ovaries are shielded
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during the radiation procedure [50]. Published
success rates are reported between 16 and 90 %
and the most frequent complications were chronic
pelvic pain, metastasis to the transposed ovaries
and to surgical wounds [50, 51].

Radical Trachelectomy

Contrary to radical hysterectomy, the gold stan-
dard for the radical trachelectomy (RT) is the
vaginal approach (Dargent operation). RT is an
available option for young women (<40 years)
desiring to preserve fertility but the indications
are strict (Table 7.3) [52]. RT is generally recom-
mended for patients with tumor size less than or
equal of 2 cm primarily located on the ectocervix
(without endocervical lesion or extension).
Metastatic workup should be negative including
all pelvic lymph nodes and distant sites. The sug-
gested stages are stage lal with lymphovascular
space involvement (LVSI) or stage [a2 or Ibl
without LVSI. Currently, no histologic subtype is
listed as a contraindication, although some view
glandular lesions as higher risk and less support
for neuroendocrine tumors. The procedure can be
done vaginally or abdominally (by laparotomy,
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laparoscopy, or robotic-assisted route) but the
vaginal approach with laparoscopic pelvic lymph
node dissection gained greater popularity due to
benefits of minimally invasive surgery.
Technically, during RT half of the lower parame-
trium and paracolpos is excised and approxi-
mately two-thirds of cervix is removed. The
uterine artery is saved and Doppler ultraso-
nograpy study should be done in order to evaluate
a good uterine artery blood flow [53]. Morbidity
associated with trachelectomy is low but includes
infection, pelvic pain, and malodorous vaginal
discharge. As intact cervix is requirement for a
term pregnancy, the rate of preterm delivery
increased after RT and a well-known morbidity
of this surgery. The cancer recurrence and mor-
tality rates were reported up to 5% and 3.2 %,
respectively [52, 54]. Mangler et al. reported a
comprehensive follow-up study of 96 women
after RT. Of these women 70 % tried to get
pregnant and 80 % of these achieved pregnancy
successfully. The rate of early pregnancy loss
was 16 %. One-third of all who got pregnant suf-
fered of preterm contractions and 43 % had pre-
mature rupture of membranes. The measured
average cervical length of pregnant women after
RT was 13 mm. Interestingly only the percentage

Table 7.3 Fertility sparing in early endometrial, cervical and ovarian carcinomas

Tumor type Stage and histology

Epithelial ovarian FIGO IA, clear cell cancer

carcinomas

FIGO IC, GI+1I, serous, mucinous,

endometrioid
FIGO IC, clear cell cancer
FIGO IA+IC, GIII

Ovarian sex cord FIGO stage I

stromal tumors

Ovarian germ cell FIGO stage |

Consideration

Consider fertility sparing surgery: unilateral
salpingo-oophorectomy

Consider fertility sparing surgery: unilateral
salpingo-oophorectomy

No fertility sparing surgery

No fertility sparing surgery

Consider fertility sparing surgery: unilateral
salpingo-oophorectomy

Consider fertility sparing surgery: unilateral
salpingo-oophorectomy

Consider progesterone treatment

tumors
Endometrial Presumed stage IA, grade 1 with no
carcinoma myometrial invasion, nor extrauterine

disease and no lymph node involvement

Cervical carcinoma Stage Ial with LVSI
Stage 1a2 or Ibl without LVSI

Tumor size <2 cm

Consider fertility sparing surgery: radical
trachelectomy with lymphadenectomy

No evidence of lymph node metastases

No distant metastasis

No unfavorable histology (neuroendocrine)

FIGO The International Federation of Gynecology and Obstetrics, LVSI lymphovascular space involvement
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of premature rupture of membrane was increased
compared to control group in the same gestational
age, while the newborns’ Apgar scores, cord pH
values, weight and body length and duration of
stay in the hospital were similar [55].

Ovarian Tissue Preservation Followed
by Autotransplantation

Although still considered to be experimental,
ovarian tissue banking, where ovarian tissue is
surgically removed and cryopreserved, is an
alternative to other conventional methods [56].
The ovarian tissue can be later reimplanted, either
at orthotopic (pelvis) or heterotopic sites (fore-
arm, abdomen), after completion of the antican-
cer treatment in order to protect and restore
reproductive function in female cancer patients
[57]. Cryopreservation of ovarian tissue is a
promising option for fertility preservation
because it can be done without the need for ovar-
ian stimulation and a sperm donor. It also can be
the only suitable method to preserve fertility for
prepubertal girls [56, 58], and also a favored
option for single women, for women who cannot
delay cancer treatment for stimulation, and
women with hormone-sensitive malignancies
[59]. The procedure is surgical removal and cryo-
preservation of small pieces of the ovarian cortex
and each of these small cortex pieces can contain
hundreds of primordial follicles [59]. The biggest
challenge in this approach is to develop proce-
dures to support the maturation of these primor-
dial follicles to produce mature, fertilizable
oocytes because most follicles that survive cryo-
preservation are the small primordial follicles
[60]. The follicle viability and developmental
potential is preserved following cryopreserva-
tion, thawing, and reimplantation [60] because
the primordial follicles are much more tolerant of
cryopreservation than mature oocytes due to their
size, decreased metabolism, and absence of a
metaphase spindle and the protective zona pellu-
cida and cortical granules [61-64]. An alternative
method is in vitro follicle maturation (IVM) pro-
cedure where the immature follicle cells within
the cortical tissue are retrieved and matured
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in vitro. IVM followed by vitrification (fast
freezing procedure in which crystal formation
and cellular damage is prevented) of oocytes has
resulted in four published successful live births to
date [65, 66].

Autologous Transplantation
of Cryopreserved Ovarian Tissue

Autologous transplantation of cryopreserved
ovarian tissue is gaining more and more popular-
ity and is the only tissue banking approach that
targets primarily women with premature ovarian
failure (POF). One study reported 46 ovarian
transplantations and 29 live births from 46
women, 16 of those live births were from women
with autologous ovarian transplantation who
received prior chemotherapy [67]. The first
reported live births in humans was from patients
previously treated for Hodgkin’s lymphoma, in
which cryopreserved thawed tissue was reim-
planted into an intraperitoneal location adjacent
to the atrophic ovaries [68]. In this procedure,
cryopreserved and thawed cortical strips are
transplanted back into the patient, to either an
orthotopic or heterotopic site. Another report of a
successful live birth following ovarian homolog
autografting of cryopreserved tissue to the
remaining ovary in a 28-year-old patient was
published. This patient had the history of several
years of ovarian failure following cancer treat-
ment but she resumed spontaneous menstrual
periods only 2 months after the transplantation
[69]. Although, the relatively small piece of ovar-
ian tissue has a limited endocrine function longer
term. Heterotopic transplantation offers the
advantages of accessibility for implantation and
removal of the tissue if necessary and less need
for anesthesia. Although there are successful ani-
mal models where fresh monkey ovarian tissue
was transplanted to heterotopic sites, creating
multiple oocytes and after fertilization resulted
live birth, the human results are not as advanced
yet [70]. In the human, several reports of hetero-
topic transplantation to the abdominal wall and
forearm [71, 72] have confirmed that transplanted
cortical strips lead to follicle development and



7 Preservation of Fertility in Gynecological Malignancies

resumption of menstrual cycling and resulted in
the production of a four-cell embryo [71]. The
major limitation of the autologous transplanta-
tion is the potential for ischemia before it can
develop appropriate blood supply. This ischemia
may result in the rejection of the tissue graft or
follicle atresia [73]. Unfortunately, about 20 % of
the grafts failed by 6 months [74, 75]. Multiple
methods to prevent ischemia have been published
including using angiogenesis-promoting factors,
such as VEGEF, or selecting a site of implantation
known to be responsive to angiogenesis [74].
Theoretical concerns regarding ovarian trans-
plantation is the risk of reintroducing malignant
cells to the patient after completing cancer treat-
ment however, this risk varies with cancer type
and stage, along with the number of malignant
cells transferred [75, 76]. In animal models, when
these human ovaries were transplanted to immu-
nosuppressed mice tumor development was
detected in the peritoneal cavity [77]. Another
controversial alternative is the uterus transplanta-
tion. Up to the present time only two reports of
uterus transplantation were published, one from
cadaver and other from live donor [78, 79]. Over
the last two decades there was tremendous effort
invested into uterine transplantation and after the
first few transplantations there have been no suc-
cessful clinical pregnancy achieved [79-81]. The
very first human live birth after uterus transplan-
tation was just reported in 2014 [82]. This report
is a proof-of-concept for uterus transplantation
and in the future it can be a treatment option for
uterine factor infertility [82]. This report presents
that in 2013, a 35-year-old woman with congeni-
tal absence of the uterus (Rokitansky syndrome)
underwent transplantation of the uterus donated
by a living, 61-year-old, two-parous woman. The
recipient and the donor had essentially unevent-
ful postoperative recoveries and she had her first
menstruation occurred 43 days after transplanta-
tion and she continued to menstruate regularly.
The recipient and her partner had 11 embryos
cryopreserved and 12 months after transplanta-
tion, the recipient underwent her first single
embryo transfer, which resulted in a living
pregnancy. She was kept on continuous immuno-
suppression (tacrolimus, azathioprine, and corti-
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costeroids) during the entire pregnancy but there
were three episodes of mild rejection which all
were reversed by corticosteroid treatment. Fetal
growth parameters and blood flows of the uterine
arteries and umbilical cord were normal through-
out pregnancy. At the 32nd week of the preg-
nancy caesarean section was performed because
of abnormal fetal heart rate and pre-eclampsia
and a healthy preterm male infant was born with
1175 g weight and with APGAR scores 9, 9, and
10 [82]. Indeed, it was a great success and the
future of uterus transplantation is promising
although many details are still unsolved such as
the use of high doses of immune-suppressants
which increases the risk of recurrence.

Gonadal Shielding

Gonadal shielding is a method that uses lead or
bismuth plates to externally cover the gonads in
order to reduce their exposure to radiation. In the
past, ovaries are transposed behind uterus in
Hodgkin’s disease with extra pelvic shielding,
however this historic method had limited protec-
tion. The combination of gonadal shielding with
ovarian transposition during radiation therapy
can even further diminish the dose of radiation
delivered to the reproductive organs. Expertise
of the radiation oncologist is required to ensure
that the shielding is appropriately placed and
does not increase the dose delivered to reproduc-
tive organs [83].

Non-surgical Methods
Gonadal Suppression

Oral contraceptives were the first hormonal
method to be used for gonadal suppression but
they do not completely inhibit the follicular
growth [84, 85]. Stronger ovarian suppression
can be achieved with gonadotropin-releasing
hormone analogs (GnRH) and this is the most
commonly used method of hormonal suppression
today [86]. Ovarian suppression with GnRH ago-
nists (GnRHa) is noninvasive and is mostly used
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in the case of non-gynecological malignancies.
The exact mechanism by which GnRHa protects
the ovary during chemotherapy is still under
debate. Some hypothesize that GnRHa causes
ovarian suppression and non-cycling cells are
then generally more resistant to chemotherapeu-
tic agents than the rapidly proliferating cells.
It has also been proposed that GnRHa provides
ovarian protection by reducing the ovarian blood
flow. Uterine blood flow has been shown to be
reduced after administration of GnRHa and it
effectively decreases the quantity of chemother-
apy drugs reaching the ovary [87]. Another the-
ory is that the protective effect of GnRH
manifested by inhibiting the hypothalamic—pitu-
itary—ovarian (HPO) axis and inducing a prepu-
bertal state. Physiologically in humans, GnRH is
secreted in a pulsatile fashion, stimulating gonad-
otropin release that initiates the ovulatory cycle
and ovarian steroidogenesis. When GnRH ago-
nists are administered, the surge in GnRH over-
whelms the pituitary GnRH receptors, results in a
subsequent downregulation of the pituitary
GnRH receptors and decrease in gonadotropin
release. The continuous inhibition of the pitu-
itary—ovarian axis will decrease the estrogen
level down to a pre-pubertal level [88]. Although
these theories are all persuading there are con-
flicting results from different studies which
require further clarifications. One study found no
effect of GnRH agonists of restoration of menses
after chemotherapy [64, 89, 90], while another
recent study showed the ovarian failure rate was
significantly decreased in women undergoing
chemotherapy for non-gynecologic malignancy
with the use of GnRH agonists [91]. All of these
studies used menstrual cycles as the representa-
tion of ovarian function, although ultrasono-
graphic evaluation of antral follicles would have
been a better indicator. A randomized study of 18
women with Hodgkin's disease where GnRH was
administered prior to and during chemotherapy
concluded that it was an ineffective method to
conserve fertility [92]. On the contrary, another
study showed the co-administration of GnRHa
with chemotherapy in women for 6 months led to
the return of regular menses and ovulation in
96.9% of women versus only 63 % of women
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treated with chemotherapy alone [93]. In a meta-
analysis, Megan et al. concluded that concurrent
administration of GnRH analogs increases the
chances of maintaining ovarian function and
childbearing potential by 65-68 % over chemo-
therapy alone [94]. Although gonadal suppres-
sion with GnRH analogs in patients undergoing
chemotherapy is controversial, the risks and ben-
efits of success rates and known side effects of
hypoestrogenism and osteoporosis should be dis-
cussed with the patient. The American Society of
Clinical Oncology (ASCO) urges women to par-
ticipate in clinical trial to collect more knowledge
about the protective effect of GnRH analogs on
gonadal function during chemotherapy as the
available literature still presents insufficient evi-
dence [12].

Embryo Cryopreservation

The mainstay of fertility preservation is the low
temperature banking of reproductive cells or
embryos. Previously this has been done using a
slow freezing technique but more recently vitrifi-
cation is the preferred methodology. The novel
advance of the field started with a discovery in
the 1950s when glycerol cryoprotective proper-
ties were identified. By the 1960s, human semen
was being cryopreserved, and multiple sperm
banks were established the following years [95].
Today, embryo cryopreservation is the most
established and widespread technique for fertility
preservation in women. The method has been
available since 1983 and the first live birth as a
result of embryo freezing was published in 1984
[96, 97].

The process of embryo cryopreservation for
fertility preservation is identical to the IVF process
used in infertile women. First involves induction
of superovulation with FSH and hCG injections,
serial blood tests, and ultrasounds to monitor fol-
licle development. Multifollicular growth is stimu-
lated by these exogenous gonadotropins and the
oocytes are retrieved about 14-21 days later as an
outpatient procedure under ultrasonographic guid-
ance. The retrieved oocytes are fertilized with
sperm and the good quality embryos are selected
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in 34 days later and frozen down for later use.
Today, as advanced reproductive technologies are
available such us in vitro fertilization with embryo
transfer (IVF-ET), these embryos can be used later
when all cancer treatments are completed. Several
studies evaluated the outcome of embryo cryo-
preservation and found that generally the number
of oocytes was lower in cancer patients but the live
birth rates were the same [98, 99]. Limitation of
this technique is that embryo cryopreservation is
not appropriate for children, young adults without
a partner, and those patients who do not desire to
use donor sperm. Furthermore, this method
requires couple of weeks delay in the onset of can-
cer therapy as hormonal stimulation and oocyte
retrieval should be completed first [100]. In estab-
lished IVF cycles, hormonal stimulation is started
in luteal phase of menstrual cycle with GnRH ago-
nists and completed with exogenous gonadotro-
pins in early follicular phase. As patients can be
anywhere in their cycles, sometimes delay is inevi-
table. Another pitfall of ovarian stimulation is that
in patients with hormone-sensitive malignancies,
such as breast, endometrial or ovarian cancers,
there is the further concern regarding the presence
of ER and PR receptors on the tumor cells and the
safety of ovarian stimulation because of the high
estradiol levels [101]. For these women, the use of
aromatase inhibitors can be an option to minimize
supra physiologic estrogen exposure [102, 103].
Studies proved that application of Letrozole along
with gonadotropins did not worsen oocyte yield or
fertilization rates [104]. Women who do not want
to delay their cancer treatment or they do not have
an actual male partner there is another technique
than embryo cryopreservation is available called
oocyte vitrification.

Oocyte Cryopreservation/
Vitrification

The cryopreservation and banking of human
semen was spread very quickly in the 1960s and
1970s and the first case of oocyte banking was
reported shortly thereafter, but this cell type
turned out to be more problematic to cryopre-
serve [105]. Concern about the biological safety
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of the technology was quickly raised when evi-
dence was published that cooling caused various
oocyte defects [106]. The technique of oocyte
cryopreservation is the collecting and freezing of
unfertilized mature eggs from reproductive aged
women. There are two cooling mechanisms
known: slow freezing and vitrification. For
oocyte freezing, similar to embryo cryopreserva-
tion, the oocytes are first exposed to low concen-
trations of permeating cryoprotectants (glycerol,
DMSO, ethylene glycol, propylene glycol), and
non-permeating factors such as sucrose, glucose,
or fructose. The oocytes are then loaded in small
volumes into straws and cooled to about -5 to
—7 °C where they equilibrate for several minutes.
Following this process the solution is cooled
gradually, at a speed of 0.3—0.5 °C/min, to reach
temperature between —30 and —65 °C. Long-
term storage happens in liquid nitrogen thereafter
[107]. Although the first live birth as a result of
oocyte freezing was occurred in 1986, the method
of oocyte cryopreservation was not well accepted
due to technical challenges [105]. Up to 2004,
only 150 pregnancies were created from cryopre-
served oocytes [108]. Although the first problem
of oocyte cryopreservation, the hardening of the
zona pellucida was quickly solved when the
emerging new technologies such as intracyto-
plasmic sperm injection was introduced but the
survival rates of the oocytes continued to be very
low and only over the last couple of years reached
to 70-80% [109, 110]. Freezing of oocytes
remains to be a huge need for women without
male partners, and despite continuing debate
about its efficiency, it is likely to stay available
for a long period of time. Over the last couple of
years, vitrification started to replace cryopreser-
vation as it is an ultra-rapid cooling that mini-
mizes cell injury and the formation of ice crystals
resulting in survival rates >90 % [111]. The pro-
cess of vitrification is the combination of two
steps: a preliminary equilibration step similar to
cryopreservation and a subsequent vitrification
phase in which cells undergo a high osmotic gra-
dient that completes cells' dehydration followed
by the ultra-rapid cooling with liquid nitrogen.
The warming of oocytes must be just as rapid in
order to prevent recrystallization of water.
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The same cryoprotectants are used during both
slow freezing and vitrification but the second
procedure requires higher concentrations of the
protectants [112]. The introduction of vitrifica-
tion made a significant impact on techniques of
oocyte preservation, with an increase to about
900 published live births worldwide, of which an
estimated 500 live births from oocyte preserva-
tion occurred in the United States [113, 114].

In Vitro Ovarian Follicle
Development, Ovarian Follicle
Culture, and Maturation

In vitro follicle culture is the most promising and
state-of-the-art technique of assisted reproduc-
tive technology. The big advantage of this alter-
native approach is that the follicle maturation
happens in vitro and so excludes the need of
ovarian tissue transplant and therefore eliminates
the risk of reimplanting cancer cells into the
patient. Follicle development and maturation is a
multifaceted process that requires complex com-
munication network between the oocyte, the hor-
monal milieu, and presence of the adjacent,
supportive somatic cells. At each stage of follicle
growth and maturation, the oocyte is dependent
on the follicular granulosa cells and the commu-
nication between the oocyte and the surrounding
somatic supportive cells. The recreation of this
complex network outside of the human body
brought new challenges and required extensive
research to reach the point where it is today. The
in vitro ovarian follicle culture systems are titled
as two- and three-dimensional culture systems
and as organ culture or single cell system culture.
The two-dimensional systems which are not so
frequently used nowadays are less optimal for
culture because of their inability to maintain the
structural arrangements of cells as seen in vivo.
In the original two-dimensional culture systems,
the follicles were located on a flat surface in the
culture dish and lost their three-dimensional
arrangement [115]. The major problem of the
two-dimensional systems were that these systems
were not able to create the architecture between
the oocyte, granulosa cells and supportive
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somatic cells and pertinent communication links
between the cellular elements become disrupted,
thereby impeding oocyte growth and maturation
[10]. The three-dimensional culture systems rev-
olutionized the field when the biomaterial
alginate was introduced which makes the cellular
microenvironment more similar to in vivo by pre-
serving cellular spatial arrangements, growth,
and communication with surrounding cells with
the oocyte. This system utilizes alginate, a hydro-
gel derived from brown algae which cross-links
in the presence of divalent cations such as Ca**
but can be degraded for follicle recovery using an
alginate-specific enzyme, alginate lyase. One of
the major advantages of alginate is that it does
not interact biochemically with mammalian cells,
therefore permitting the creation of a culture
environment where follicles can grow, produce
antral cavities and mature oocytes [116—119].
The three-dimensional culture system was tested
experimentally using follicles from multiple spe-
cies including humans [57, 73, 75, 76, 78, 120]
and follicles from three-dimensional cultures
were successfully fertilized, implanted, and pro-
duced healthy pups in mice experiments [121].
Adjuvant treatments, hormones, and enzymes
such as insulin, selenium, and transferrin are
added in order to regulate growth, help the cell
interactions just as in a physically supported
environment. In spite of the impressive develop-
ment, there are still scientific obstacles in this
technology which makes it currently unable to
grow immature human follicles through terminal
meiotic maturation when they can be fertilized
and transferred to the female recipient [10]. Early
experiments created viable, healthy human folli-
cles that were able to grown in vitro for 30 days
and these results hold tremendous promise [122].

The other two approaches are the organ cul-
ture and the isolated follicle culture. Organ cul-
ture is the removal and culture of strips from the
ovarian cortex. These tissue pieces are removed
laparoscopically and keep the original structure
of the ovarian tissue and maintain the interactions
between the follicle and adjacent stromal cells.
Human primordial follicles developed through
secondary follicle stage and were able to survive
as long as 4 weeks with the usage of this organ
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culture [79, 80, 120]. The main problem with
in vitro organ culture is the development of isch-
emia as there is revascularization in the in vitro
culture. Another disadvantage is the inability to
observe and follow the follicles during culture by
microscopy due to the surrounding tissue and the
risk of culturing empty tissue pieces, especially
when the patients have decreased ovarian reserve
due to age, disease, or previous cancer therapy
[76]. The isolated follicle culture involves a pro-
cess where the individual follicles are removed
from the surrounding cortical tissue prior to cul-
ture. The follicles are isolated from the ovary
through an enzymatic or mechanical approach.
This culture system allows for the investigator to
follow and monitor each single follicle during the
maturation process. This isolated follicle cultures
can be done on two-dimensional collagen-coated
surfaces or in three-dimensional methods as
explained above.

Special Situations for Fertility
Sparing in Gynecologic Oncology

Hormonal Treatment in Endometrial
Hyperplasia or Early Endometrial
Carcinoma

Roughly 5% of women with endometrial cancer
(EC) and an even higher percentage with complex
atypical endometrial hyperplasia (CAH) are diag-
nosed under the age of 40 [123]. As the age of the
first pregnancy increases, the incidence of EC in
women still considering future childbearing will
increase. For many of these younger women, hys-
terectomy as a standard of care is completely
unacceptable due to strong desire to maintain fer-
tility. Most of these ECs under age 40 years of age
are still in early-stage and low-grade disease
(grade 1) which associated with a favorable prog-
nosis and allows the practitioner some time to
apply medical management [124—126]. The use of
progesterone-based agents proved to be safe but
the careful patient selection is critical (Table 7.3).
The optimal candidates are those patients who
have early-stage, well-differentiated (presumed
grade 1 and stage IA) disease without lymph node
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involvement, myometrial invasion, and extrauter-
ine spread. The first step after the histologic confir-
mation of the disease, an imaging, usually MRI or
ultrasound should be done to rule out myometrial
invasion and lymph node metastasis. Patients
without myometrial invasion and lymph node
involvement are thought to be the best candidates
for this treatment which can include theoretically
patients with stage II diseases. Most of the gyne-
cologic oncologists do not support progesterone
treatment on young women with stage II diseases
as the recurrence rate is extremely high [127].
Progestin therapy, most frequently with medroxy-
progesterone acetate or megestrol acetate, has
been effective in reversing malignant changes in
up to 76 % of cases [125, 126]. In a study by
Ramirez et al., 81 patients with grade 1 EC were
treated and 62 patients (76 %) responded to treat-
ment with a median time to response of 12 weeks
(range, 460 weeks) [126]. Unfortunately, the
recurrence rate was high, 15 patients (24 %) who
initially responded to treatment recurred with a
median time to recurrence was 19 months (range,
6—44 months [126]. Most of the experts suggest
hysterectomy shortly after the childbearing plans
are accomplished because of the high recurrence
rate. There is a recently more frequently applied
alternative of the oral or injectable progesterones,
the progestin-based intrauterine devices, although
the data are limited. A prospective pilot study
reported negative histology on follow-up biopsy in
seven of 11 patients at 6 months, and in six of eight
patients at 12 months who underwent the proges-
terone IUD placement secondary to presumed
stage IA, grade 1 EC [128]. Westin et al. conducted
a phase 2 study with levonorgestrel intrauterine
system (LIUS) to treat CAH and grade 1 EC [129].
Although the overall response rate in 1 year was
only 58 % but when divided by histology, response
rate was 85 % for CAH and 33 % for EEC [129].
Another systematic review showed 74 % of the
patients with CAH achieved a pathological com-
plete response (CR) for 6 months or longer with
oral progestins [130]. It is very important that if
the response should be considered temporary or
incomplete, periodic sampling of the endometrium
is strongly advised. Penner and colleagues sug-
gested that lack of response to progestin therapy is
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more common when the first response assessment
(after 3 months of treatment) shows lack of
response, despite adjacent stromal decidualization
[131]. There are many agents tested such as
megestrol acetate, hydroxyprogesterone acetate,
17a-hydroxyprogesterone caproate, norethin-
drone, but usually the medroxyprogesterone ace-
tate (MPA) is the most commonly used. The
suggested treatment time is 3—6 months but can
be extended up to 12 months. The usually given
daily dose is 200—800 mg of MPA or 40-200 mg
of Megestrol acetate. Other “progesterone-like
drugs” such as gonadotropin-releasing hormone
agonists, aromatase inhibitors, and selective
estrogen receptor modulators were all reported to
be similarly effective. The close follow-up of these
women in every 3 months are very important and
should be done by gynecologic oncologists.

Fertility Preservation in Early Ovarian
Cancer

The patients with epithelial ovarian cancer (EOC)
are usually diagnosed in postmenopausal years
and only very few of them are in the reproductive
ages. About 7% of these patients are under 40
and over 60 % of them have stage I disease at the
time of diagnosis [132]. Amongst those younger
patients who wish to preserve her childbearing
potential and who appears to have a curable can-
cer (i.e., a localized tumor with endometrioid,
mucinous, or low-grade serous histology), it is
appropriate to save the uterus and the contralat-
eral ovary and perform a fertility saving surgery,
only a unilateral salpingo-oophorectomy. Fertility
preservation is suggested with stage IA clear cell
carcinoma or stage IC, Grade 1 and 2 serous,
mucinous or endometrioid carcinomas. No fertil-
ity sparing surgery allowed in the case of stage IB
or IC clear cell carcinoma or any subtype of ovar-
ian cancer if it is a stage IC grade 3 [133]. If in
spite of this fact the patient still wishes to retain
fertility with disease extending beyond IA grade
1, 2, she should be warned and extensively con-
sented about the high possibility of recurrences
[134]. The remaining ovary and the whole
abdominal cavity should be carefully evaluated
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and any abnormalities should be biopsied during
surgery and sent for frozen section. If the frozen
section is uncertain whether the tumor is benign,
borderline, or malignant, the final histology
should be awaited and the staging procedure
needs to be done in second setting. If both ovaries
contain invasive tumor on frozen section ovarian
preservation is usually not allowed. For non-
epithelial (sex cord stromal and germ cell tumors)
tumors, fertility-sparing surgery with unilateral
salpingo-oophorectomy is acceptable for patients
with stage IA disease who wish to preserve of
their reproductive capabilities. A comprehensive
review of 376 patients with ovarian sex cord stro-
mal tumors found no survival differences between
patients with stage I-II disease who underwent
fertility sparing surgery without hysterectomy
and patients who underwent standard surgery
[135]. Borderline ovarian tumors are relatively
rare and usually occur about 15 years earlier than
EOC. Most of the patients with borderline tumors
are diagnosed in early stage and because of the
generally favorable prognosis fertility preserva-
tion such unilateral salpingo-oophorectomy or
ovarian cystectomy is the preferred approach by
most of the gynecologic oncologists [136].

Conclusion

Usually cancer treatments have the potential to
harm all measures of the female reproductive axis,
thus pushing patients into premature menopause
or infertility. In the past, a cancer diagnosis was
equivalent with losing all future childbearing
potential. The growing numbers of children and
reproductive-age women surviving cancer have
resulted in an increased attention about fertility
preservation. Fertility preservation, as nowadays
called oncofertility is a newly described concept,
an emerging and rapidly expanding field of medi-
cal research. Oncofertility is an interdisciplinary
field that was created not only to try to reach fertil-
ity preservation options for cancer patients but also
to increase nationwide awareness of these possi-
bilities. Oncofertility requires a team-based
approach where gynecologic oncologists and
reproductive endocrinologists need to unite their
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effort to provide the highest quality care for their
young patients. The recently formed oncofertility
consortium is a great platform of this endeavor.
Gynecologic oncologist has a unique position to
be the advocate of their patients and be the first
who provides critical information to the patient
about the available fertility preservation options.
There is a crucial need for new clinical trials to
elucidate controversial issues such as application
of aromatase inhibitors during ovulation induction
of patients with hormone-sensitive cancer or
GnRH agonists in ovarian preservation during
chemotherapy. There is urgent need to develop
more site-specific, targeted oncologic treatments
which have significantly less adverse effect on the
healthy reproductive organs. The great improve-
ment of the reproductive technology over the past
decades widened the horizon for patient to pre-
serve their future ability to be a parent after suc-
cessful cancer treatment. It is expected that the
great development in complex culture systems, in
tissue preservation techniques, and organ trans-
plantation will make oocyte preservation, ovarian
tissue banking, and ovarian or even uterus trans-
plantation available in the near future.
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Abstract

Differences in cancer screening and treatment have been associated with
race and ethnic classification. Several disparities have been identified in
gynecologic cancer screening and therapy, most often affecting black and
Hispanic women. The causes of health disparities are multifactorial and
involve systemic, provider, and patient factors, including cultural attitudes,
socioeconomic status, education level, and geographic barriers. This chap-
ter documents the disparities in gynecologic cancer screening, treatment,
and survival for women with cancers of the cervix, uterus, ovaries, vagina,
and vulva. Each disease site has specific areas where minimizing differ-
ences in access to care can potentially minimize the disparate health out-

comes seen among specific racial and ethnic groups.
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Introduction

Over the last two decades reducing disparities in
health outcomes has been a priority of the Institute
of Medicine and the Department of Health and
Human Services. Several factors influence the
perpetuation of health inequalities, including
health systems characteristics, patient and cultural
perspectives, provider factors, and social and his-
torical determinants of care. The focus of this
chapter is on identifying health disparities in
gynecologic cancer and the areas where interven-
tion will have the greatest impact. The purpose of
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intervention is to reduce mortality and morbidity
from gynecologic malignancy and key point of
intervention is increasing access to services on
both screening and treatment levels.

Black patients bear the most disparate burden
of incidence and mortality for a number of
chronic medical problems, including diabetes,
heart disease, stroke, and multiple malignancies.
While racial differences in incidence and mortal-
ity are improving for black women with cervical
cancer, disparities in uterine cancer incidence
and mortality are particularly striking. The his-
torical impact of segregation and unequal access
should not be diminished as an important mech-
anism by which factors like socioeconomic sta-
tus (SES), differential health education,
familiarity and trust of the health care system are
mediated and have a direct influence on health
care outcomes. As the research suggests, these
social determinants of care have an important
effect on the receipt of guideline-adherent care,
especially in ovarian cancer, where the coordina-
tion of complex surgical and chemotherapeutic
interventions at high volume centers signifi-
cantly improves survival.

Hispanic women in the USA come from a
number of different countries and comprise of
both white and black racial identifications. While
they are the largest minority group in the USA,
the disparities in disease incidence and health
outcomes are less consistent, which can likely be
attributed to the heterogeneity of the racial clas-
sification. The studies on gynecologic cancer in
Hispanic women are largely limited based on
classification of Hispanic women in large popu-
lation databases. For example, the SEER-
Medicare database uses the North American
Association of Central Cancer Registries
Hispanic Identification Algorithm (NHIA) for
cases diagnosed since 1992. The NHIA variable
is an algorithm that uses Spanish/Hispanic sur-
name or Spanish origin to classify cases as
Hispanic [1]. A method of accurately capturing
Hispanic ethnicity and its impact on health out-
comes has not been identified; however, as the
largest minority group in the USA, increasing
literature, not only in medical outcomes and
public health but also in sociologic and anthro-
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pological studies, regarding this population of
women will help better delineate nuances among
the various groups that identify as Hispanic.

Cervical Cancer
Incidence and Stage at Diagnosis

Cervical cancer is the third most common gyne-
cologic cancer in the USA with an estimated
12,900 cases per year [2]. Racial/ethnic minorities
bear a greater burden of cervical cancer than white
women in the USA. For instance, the lifetime
probability of developing cervical cancer in the
USA for black women is 0.84% (1 in 119) and
1.05% (1 in 95) for Hispanic women, compared
to 0.65% (1 in 153) for white women [2]. With
age-adjusted incidence rates of 10.5 and 11.8 per
100,000, respectively, black and Hispanic women
are 34 and 60 % more likely to develop cervical
cancer compared to white women [2, 3].

Recent trends in cervical cancer incidence
appear favorable with a narrowing of the racial/
ethnic incidence gap. Overall incidence contin-
ues to decline, albeit at a slower rate during the
most recent years, with incidence rates declining
faster among black and Hispanic women com-
pared to white women [4]. From 2000 to 2009,
the average annual percent decline in cervical
cancer age-adjusted incidence rates was 1.9 % for
white women, 3.2 % for black women, and 3.8 %
for Hispanic women. Looking at these rates more
closely, it appears that this trend is most pro-
nounced in young women [5]. From 2007 to
2011, rates in women younger than 50 years of
age were stable among white women and
decreased by 3.4% per year among black women;
in women 50 years or older, rates declined by
2.5 % per year in whites and by 3.8 % per year in
blacks [2]. In fact, among women under age 50,
incidence rates of cervical cancer for white and
black women have recently converged [5].

Hispanic women living in the USA represent a
heterogeneous group of women from several dif-
ferent countries of origin and of varying immi-
gration status. Hispanic women have the highest
incidence rates of any racial/ethnic group in
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the USA, particularly among first-generation
immigrants [6]. Cervical cancer is more common
in economically developing countries, such as
Central and South American countries, where
women have limited access to routine cervical
cancer screening. A study on the geographic vari-
ation of cervical cancer incidence found that the
highest rates were found among Hispanic women
living in the Midwest, likely due to the large
numbers of recent immigrants living in this
region of the country [7].

Screening

Women can be screened for cervical cancer either
with the Papanicolaou (Pap) test or with an HPV
test. The Pap test, which has been widely imple-
mented in developed countries since the 1950s, is
an effective method for cervical cancer screening
in settings where the health care and civil infra-
structure supports multiple rounds of screening
and recalls for further diagnostic evaluation.
Primary HPV testing for cervical cancer screen-
ing has only recently been approved and no data
is yet available on its impact on cervical cancer
screening rates. Even though currently there is a
disparity in cervical cancer incidence between
black and white women for all ages, in 2010, the
rate of Pap testing within the previous 3 years
was similar between both groups (78 %) [8].

For Hispanic women, screening rates have
improved in recent decades. The proportion of
Hispanic women who obtained cervical cancer
screening increased from 64 to 75 % from 1987
to 2010 [9, 10]. Rates of screening for Hispanic
women differ by country of origin, with Puerto
Rican and Cuban women (>80 %) having the
highest rates of cervical cancer screening com-
pared to Mexican women (71.6 %) [6]. However,
among women of all races, screening rates are
lowest in older women, women with no health
insurance, and recent immigrants [11]. These
patterns of screening correlate with the patterns
of cervical cancer incidence as discussed above.

In order for screening to be effective, women
should obtain adequate follow-up and treatment
for any detected abnormalities. A large study of
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10,004 women in a US-based cervical cancer
screening program demonstrated that less than
half of women with two consecutive abnormal
Pap smears received appropriate follow-up diag-
nostic evaluation with colposcopy, and black
women were the most likely to receive no follow-
up [12]. Thus, varying rates of cervical cancer
screening and adherence with follow-up may
contribute to disparities in cervical cancer inci-
dence, stage at diagnosis, and mortality.

HPV Vaccine

Persistent infection with high-risk human papil-
lomavirus (HPV) genotypes is necessary for the
development of cervical cancer and its precur-
sors, as well as other anogenital and oropharyn-
geal cancers in women and men. Genital HPV is
the most common sexually transmitted infection
in the USA, with an estimated 14 million new
cases of infection among individuals aged 15-59
years occurring each year [ 13, 14]. Approximately
half of these new infections occur among young
persons aged 15-24 years [13]. In a prospective
cohort study, Ho et al. evaluated over 600 female
college students and found a cumulative
36-month incidence rate of HPV infection of
43 9% [15]. Black female adolescents and women
have the highest rates of HPV infection com-
pared to other racial/ethnic groups [16, 17].
However, first generation Mexican immigrants
have a higher prevalence of HPV infection than
US-born Mexican women [18].

There are currently three US Food and Drug
Administration-approved HPV vaccines. The
vaccines are highly efficacious, with efficacy
rates ranging from 92 to 100 % in various clinical
trials [19-23]. Currently, the Advisory Committee
on Immunization Practices (ACIP) recommends
the routine use of the HPV vaccine in females
aged 11 or 12 years, with catch-up vaccination
for females aged 13-26 years [24]. The ACIP
also recommends routine vaccination with the
quadrivalent vaccine for males age 11 through 26
years. All vaccines are given as a three-dose
series, and are most effective if given prior to ini-
tiation of sexual activity [24].
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Despite the recommendation for routine vac-
cination, vaccination rates are low across all
races/ethnicities. In 2012, only 53.8 and 33.4%
of US female adolescents age 13-17 years,
respectively, initiated and completed the HPV
vaccine series [25]. Initiation and completion
rates for US male adolescents are even lower:
20.8 and 6.8 % [25]. Initiation and completion
rates are similar among white and black female
adolescents (51.1 and 50.1 %, respectively) [15].
Vaccine completion rates are also similar between
white and black adolescents (33.7 and 29.0 %,
respectively). However, there may be a develop-
ing disparity between vaccination rates between
black and white female adolescents given that,
since 2011, the HPV vaccine initiation rate for
non-Hispanic black girls has decreased by 6 %,
whereas the initiation rate for non-Hispanic white
girls has increased by 3% [26]. Perhaps some-
what unexpectedly, the HPV vaccine initiation
rate for Hispanic adolescents (62.9 %) is higher
than both white and black adolescents, and com-
pletion rates (35.5%) are similar [25]. While
there is no disparity in HPV vaccination rates by
race/ethnicity among female adolescents, there is
a difference seen in women. Among women aged
19-26 years, black women (29.1 %) and Hispanic
women (18.7%) had lower coverage compared
with whites (42.2 %) in 2012 [27].

Parental attitudes and behavior are crucial to
vaccine uptake. Generally there is no difference
in HPV vaccine acceptability by race/ethnicity,
although racial/ethnic groups face different
barriers and facilitators for vaccination [26]. For
instance, fear that the vaccine was experimental
is a unique concern among black mothers [26]. A
focus group study among black mothers of ado-
lescent daughters in the USA found four key fac-
tors that impacted HPV vaccination: having a
personal experience with cervical pre-cancer or
cancer, knowledge of HPV as a cause of cervical
cancer, anticipation of sexual initiation of their
daughters, and physician recommendation of
HPYV vaccination [28]. Focus group participants
indicated that if physicians did not initiate a dis-
cussion about HPV vaccination, this raised doubt
about the safety and effectiveness of the vaccine
among the mothers [28]. Barriers common to
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Hispanics include language, safety concerns, not
knowing where to obtain the vaccine, lack of
health insurance, especially among poor and
undocumented immigrants, lower rates of pro-
vider recommendation compared with whites,
and logistical challenges associated with receipt
of all three doses in the series [26].

Treatment and Survival

Cervical cancer mortality has decreased steadily
over the past several decades due to prevention
and early detection from widespread implemen-
tation of screening in developing countries. In the
USA, mortality rates declined more rapidly in
black women than for white women (2.6 % per
year compared to 1.9 % per year, respectively)
[4]. However, despite this progress, black women
are still at higher risk of dying from cervical can-
cer compared to white women, as are Hispanic
women (see Table 8.1). The lifetime probability
of dying from invasive cervical cancer in the
USA is 0.40 (1 in 250) for black women and 0.21
(1 in 479) for white women [3].

Higher death rates among racial/ethnic minor-
ity women have been largely attributed to socio-
economic disparities and a lack of access to care
[29]; however, differences in treatment also play
a key role. Several studies have demonstrated
that there are significant disparities in treatment
based on race/ethnicity [30-32]. Using data from
a state cancer registry, researchers demonstrated
that, after adjustment for stage and insurance
status, black women were 50 % less likely to
receive surgery compared to white women [32].

Table 8.1 Mortality rates among black, Hispanic, and
white women in the USA, 2005-2009

Mortality rate® | Rate ratio®

White women 2.2 -
Black women 4.3 1.97*
Hispanic women 3.0 1.50*

*Statistical significant (P <0.05)

“Rates are per 100,000 and age adjusted to the 2000 US
standard population

"Rate ratios compare mortality rates for blacks and
Hispanics to white women as the reference group
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This trend was also seen in a study using SEER
data 1985-2009 [31]. Black women were less
likely to receive cancer-directed surgery com-
pared to white women (32.4% vs 46 %), and
more likely to receive radiotherapy (36.3% vs
26.4 %) [31]. In order to demonstrate the impor-
tance of equal access to care, researchers con-
ducted a study of women with cervical cancer
treated within the US Military Health Care
System [33], a system hypothesized to be a
model of equal access to care. In this study of
1553 women with invasive cancer in the auto-
mated tumor registry from 1988 to 1999, there
was no racial disparity in the stage distribution
or the percentage of patient receiving surgery or
radiation as initial treatment. Furthermore, 5-
and 10-year overall survival rates were similar
between black and white women.

Disparities in survival rates are seen between
black and white women, but not between
Hispanic and white women. The overall 5-year
relative survival rate for cervical cancer among
black women in the USA is 59 %, compared to
69 % among white women [8]. In contrast, 5-year
relative survival rate for Hispanic women with
cervical cancer in 74 % [6]. This difference in
survival rates reflects the distribution of stage at
diagnosis. Black women are more likely to be
diagnosed with regional- or distant-stage disease
compared with white women, despite similar
screening rates reported in national surveys (see
Table 8.2). In contrast, the stage distribution for
Hispanic women is similar to that of white
women. While screening rates may be similar
among racial/ethnic groups, this racial disparity
in stage at diagnosis may be due to differences in
the quality of screening and lack of follow-up
after abnormal results [12, 34, 35].

Table 8.2 Stage distribution for invasive cervical cancer
among white, black and Hispanic women in the USA,
2005-2009

Localized, | Regional, | Distant, | Unstaged,
% % % %
White 49 35 12 4
Black 40 41 14 5
Hispanic | 48 37 10 4
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Conclusions

In 1991, the Centers for Disease Control and
Prevention (CDC) established the National
Breast and Cervical Cancer Early Detection
Program (NBCCEDP) to provide breast and cer-
vical cancer screening and diagnostic services to
low-income, uninsured women. It has provided
screening and diagnostic services to over 4.3 mil-
lion women in the USA since its inception.
Continued efforts in public education and out-
reach are needed to ensure that minority women,
especially black women, receive the follow-up
care necessary to help reduce disparities in cervi-
cal cancer diagnosis. Appropriations should also
be made to raise awareness for parents and young
adults regarding the efficacy and safety of HPV
vaccines.

Uterine Cancer
Incidence and Stage at Diagnosis

Uterine cancer is the most common gynecologic
malignancy in American women, with 54,870
new cases and 10,170 deaths estimated in 2015
[2]. Although they have a 30 % decreased inci-
dence compared to white women, black women
with endometrial cancer are 2.5 times more likely
to die with their disease [36]. Figure 8.1 shows
the trend in incidence and mortality of endome-
trial cancer in the USA over the last decade [37].
Several studies utilizing large databases have
shown the disparate incidence of uterine cancer
among different races, and highlight the dispro-
portionate number of highly aggressive uterine
cancers among black women [38—44].

A little over half of black women present with
more favorable, localized uterine cancer as
opposed to 71 % of white patients and 68 % of
patients overall [2]. While 39 % of Black patients
have regional or distant metastases at the time of
presentation, only 26 % of whites do [40]. There
are conflicting reports on the stage at which
Hispanic women are diagnosed with uterine can-
cer, with some studies demonstrating later stage
disease than their non-Hispanic white counterparts
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[45, 46] while others have found similar stages at
presentation [47]. The most marked difference
between Hispanic women and white women is
the younger age at diagnosis, which was fairly
consistent across studies [45-48].

Histologic Subtype: Molecular
and Genetic Factors

Black patients are up to three times more likely to
present with less favorable subtypes (sarcomas,
clear cell carcinomas, serous carcinomas, and
carcinosarcomas) and higher-grade tumors [38].
More aggressive cell times are also seen more
commonly in Hispanic women compared to
white women; however, the disparity is not as
drastic [46—48] Little research has been done to
determine why these histologic differences exist.
With the establishment of The Cancer Genome
Atlas and the massive amount of genetic and epi-
genetic data that it provides, research on the
potential molecular basis for such drastic differ-
ences in histology between racial groups may
now be possible with genome wide association
studies (GWAS). Endometrioid endometrial can-
cer has a distinct genetic profile when compared
to type I endometrial cancers. Racial differences
in molecular and genetic factors may explain the
histologic and survival discrepancy.
Microsatellite instability (MSI) and mutations
in the tumor suppressor gene PTEN are more com-
mon in type I endometrial cancer, which portends
more favorable prognosis [49-51]. PTEN muta-
tions are less common in black compared to white
women; however, the evidence on MSI is conflict-
ing [52]. In contrast, mutations in tumor suppres-
sor gene p53 are more common in type II
endometrial cancer and are associated with poorer
prognosis. Three recent studies have found p53
expression to be more common in the tumors of
Black patients [53-55]. These studies did not strat-
ify for type I vs. type II endometrial cancer, and
the differences in p53 expression may be due to
the fact that Blacks are more likely to have type II
tumors. The HER2/neu oncogene has also been
associated with treatment resistance and poor sur-
vival in breast, ovarian, and endometrial cancers
and may be more frequently upregulated in the
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tumors of Blacks. A study of 27 women with uter-
ine papillary serous carcinoma (UPSC) found
heavy HER2/neu receptor expression in 70 % of
the Black women but only 24 % of the white
women [56]. When adjusted for race and age,
heavy HER2/neu expression was associated with
earlier death (adjusted HR 28.00) and presumably
more aggressive disease.

Other studies have shown no difference in the
gene expression profiles of endometrial cancers
from Black women. A 2006 study of 39 patients
from Memorial Sloan Kettering concluded that
molecular factors did not play a role in endometrial
cancer’s survival disparity, as they found no statisti-
cally significant differences in gene expression
between groups of white and black women [57]. A
recent multi-ethnic GWAS study failed to identify
novel single-nucleotide polymorphisms for uterine
cancer but confirmed prior associations with
genetic markers near the HNF1 homeobox B gene
[58]. Another GWAS study found an association
with a locus upstream from TET?2, previously asso-
ciated with prostate cancer; however, this was con-
ducted in a population of European ancestry [59].

Treatment and Survival

The mortality rate associated with endometrial
cancer in the USA has largely remained stable
over the last decade (Fig. 8.1). Black women have
consistently had worse survival compared to
white women, with mortality rates 80 % higher
despite an overall incidence 30 % by comparison
[60]. Even among patients with the less aggres-
sive endometrioid subtype, black women had an
associated 5 year survival 40-50% lower than
their white counterparts [38]. The mortality
disparity among Hispanic women is markedly
less pronounced than that for black women.
Among Hispanic women, country of origin
appears to mediate survival. In a cohort study of
69,764 women, including 1572 Hispanic women,
mortality for US-born and foreign-born Hispanics
was higher compared to non-Hispanic Whites
after adjustments for demographics, tumor char-
acteristics, and treatment; however, over time, the
mortality disparity persisted only for foreign-born
Hispanics [46].
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Several recent studies confirm that black
women are less likely to undergoing definitive
surgery, including hysterectomy and lymphade-
nectomy [41, 61, 62]. Preliminary studies have
also shown this difference in treatment for
Hispanic women, with fewer receiving hysterec-
tomy and combination treatment with radiation
[46, 48]. Encouragingly, the treatment inequities
between the black and white patients appear to be
improving [42, 63, 64].

Disparities in mortality rates, however, persist
in equal treatment environments. In a study
reviewing data from four randomized treatment
trials for advanced endometrial cancers, black
patients had a lower response rate to treatment
compared to white women (35 % vs. 43 %); how-
ever, despite receiving identical treatment and
completing therapy at similar rates, Black
patients had an increased risk of death when
compared to whites (HR=1.26, 95% CI 1.06—
1.51) [65]. This may be further evidence that
molecular or genetic factors are the source of
racial disparities in survival.

Biologic factors do not solely explain the sur-
vival disparity seen in endometrial cancer, and
socioeconomic factors have also been explored
as a contributing factor to worse survival among
ethnic groups. Ethnic minorities are more likely
than Whites to live in poverty and reside in under-
served areas. They are less likely to receive
higher education, to possess private health insur-
ance, and to have regular primary health care.
Lower SES and lack of health care funding could
explain a delay in definitive treatment, as time
may be wasted while patients without private
insurance await enrollment into government pro-
grams or referral to a gynecologic oncologist.

In a study of 39,510 cases of uterine cancer
and the impact of insurance status on survival,
black women were less likely to have privately
funded insurance; however, after adjusting for zip
code, education level, clinical factors, and insur-
ance status, the hazard ratio of death for Blacks
dropped from 2.35 (95% CI 2.20-2.51) to 1.28
(95% CI 1.17-1.40), suggesting that health care
access and SES account for some, but not all, of
the disparities observed in this population [66].
Another study found that the effect of SES
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remained important only in women with the less
aggressive endometrial histology [61]. In women
with aggressive endometrial tumors, race, age,
and median family income were not associated
with stage at diagnosis. This suggests that, while
some cancers are too aggressive to catch in their
early stages, there is a large group of patients with
less aggressive tumors that could benefit from
improved access to care and earlier diagnosis.
Comorbidities, like obesity and diabetes, are
more prevalent in black and Hispanic populations;
however, several studies have examined the influ-
ence of comorbid conditions on survival with
mixed results [39, 45, 61, 67, 68]. Comorbid con-
ditions could also contribute to disease-related
mortality by preventing women from receiving
curative surgical treatment. However, it is difficult
to determine whether comorbid conditions are at
the root of the discrepancy due to limitations of
population databases, which do not always collect
data on comorbid conditions or surgical risks. The
alternative theory that comorbid factors might
influence surgical treatment or surgery-related
mortality associated with uterine cancers has not
borne out in the literature. Current research does
not support that comorbidity increases disease
specific mortality from endometrial cancer.

Conclusions

In uterine malignancies, the effect of racial pre-
dispositions toward genetic traits cannot be over-
looked and future studies specifically addressing
these discrepancies will hopefully identify
therapeutic targets or new methods of screening
by which racial disparities in uterine cancer inci-
dence and mortality may be reduced. Culturally
appropriate education models and health care
navigation support systems have been associated
with increased screening for breast and cervical
cancers among minorities, but no such interven-
tions have been evaluated in endometrial cancer.
Increasing awareness among women regarding
the symptoms of uterine cancer and the appropri-
ate referral from primary care providers to oncol-
ogists remain vital components in reducing the
gap in survival.
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Ovarian Cancer
Incidence and Stage at Diagnosis

The National Cancer Institute has estimated
21,290 cases of and 14,180 deaths from ovarian
cancer in 2015 [2]. It is the leading cause of
gynecologic cancer related mortality among
American women, with approximately 70 % of
patients presenting with advanced disease.
Optimal ovarian cancer care requires that patients
have access to specialty-trained surgeons and ter-
tiary care centers that provide multidisciplinary
oncologic care. Studies have shown the positive
relationship between surgeon and hospital case
volume and clinical outcome for malignancies
treated with technically complex surgical proce-
dures [69-72]. Racial classification and insur-
ance status have previously been associated with
substandard ovarian cancer care [73-75].

The overall incidence of ovarian cancer has
decreased over the last two decades (Fig. 8.2),
with rates decreasing by 2.0 % per year from 2001
to 2010 [2]. During this time period incidence
rates have fallen more for white and Hispanic
women, declining by 2.3 and 2.1% per year
respectively, compared to 1.5 % per year in blacks
[76]. Similar to other gynecologic cancers, black
women are less likely to be diagnosed with early
stage disease after adjusting for clinicopathologic
characteristics, age, and sociodemographic factors
[77-79] Hispanic women had similar rates of early
stage disease when compared to white patients. No
significant differences in histology have been
clearly demonstrated between racial groups [80].

Screening

No effective screening method has been estab-
lished for ovarian cancer given its low overall
prevalence and lack of a clinically identifiable
pre-invasive  state. The multi-institutional
Prostate, Lung, Colorectal, and Ovarian Cancer
randomized screening trial confirmed that among
the general population in the USA, serial trans-
vaginal ultrasound and CA-125 levels did not
impact mortality from ovarian cancer [81].
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Genetics

Although screening has not been effective in
improving outcomes in the general population,
women at high risk of developing ovarian cancer,
including those with hereditary breast and ovar-
ian cancer syndrome (HBOC) and hereditary
nonpolyposis colorectal cancer/Lynch syndrome,
stand to benefit considerably by knowing their
genetic status. Any woman with a personal diag-
nosis of ovarian cancer should be referred for
genetic cancer risk assessment and tested for del-
eterious mutations in the BRCA1 and BRCA2
genes and genetic variance in mismatch-repair
genes. Multiple studies have demonstrated that
black women are less likely to know about
genetic testing and to undergo genetic testing
[82—-85]. With the FDA approval of olaparib, a
poly (ADP-ribose) polymerase inhibitor, for
women with recurrent ovarian cancer and a dele-
terious BRCA mutation carrier, comprehensive
testing of all women should be prioritized, espe-
cially for minority women currently least likely
to get tested.

Through genomic studies, ovarian carcino-
genesis appears to be characterized by tumor het-
erogeneity stemming from copy number
alterations and genetic instability. Polymorphisms
specific to certain racial groups are being discov-
ered and may uncover the mechanism, at least in
part, of why black women have different inci-
dence and outcomes compared to whites. For
example, short CAG repeat length in the andro-
gen receptor (AR) gene increases ovarian cancer
risk by twofold in black women but not white
women [86]. A SNP close to tumor suppressor
gene TP53 has been associated with a modest
increased risk of ovarian cancer among white
women but not black women [87]. Currently, no
such studies exist looking at genetic polymor-
phisms in Hispanic women with ovarian cancer.

Treatment and Survival
Important determinants of the quality of ovarian

cancer care include the completeness of the ini-
tial surgical effort for staging and cytoreduction,



16

14

12

10

Rate / 100,000

o]
Lo

0 ——All Races

White —+— Black < AI/AN —A/P| —e—Hispanict

1999 2000 2001

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year of Diagnosis

14

12

10

Rate / 100,000

(o]
TN T T N TN T T T N N YT YT T T M T ST T T T T T O T |

0 —o—All Races

White —+— Black < AI/AN - A/P| —e—Hispanict

e

1999 2000 2001

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year of Death

Fig. 8.2 Ovarian cancer incidence (a) and mortality (b)
rates by race and ethnicity in the USA, 1999-2011. Rates
are per 100,000 persons and are age-adjusted to the 2000
US standard population (19 age groups—Census P25-
1130). Incidence rates cover approximately 90 % of the

US population. (Dagger) Hispanic origin is not mutually
exclusive from race categories (white, black, A/PI=Asian/
Pacific Islander, AI/AN=American Indian/Alaska
Native). (National Cancer Institute and the Centers for
Disease Control and Prevention, 2015)



8 Racial/Ethnic Disparities in Gynecological Cancer Screening, Treatment, and Survival 161

receipt of recommended chemotherapy, and the
specialty and surgical volume of the treating cli-
nician and hospital [88]. Several studies have
demonstrated a surgical treatment disparity
among black and Hispanic women diagnosed
with ovarian cancer [75, 80, 89-92]. In a study of
13,186 ovarian cancer cases from the California
Cancer Registry, black and Hispanic women
were less likely to be operated on by high volume
surgeons [89]. In a study of 7933 ovarian cancer
cases in California, both black and Hispanic
women were less likely to receive ovarian cancer-
specific surgical procedures compared to white
women [93]. In a cohort of 47,390 advanced
ovarian cancer cases, blacks and Hispanics were
less likely to receive standard of care, surgery fol-
lowed by chemotherapy [75].

Disparities in treatment administration or allo-
cation are reflected by concurrent inequalities in
overall survival. Unfortunately, in a recent study
of racial disparities in mortality rates after diag-
nosis of ovarian cancer, Terplan et al. found that
adjusted hazard ratios for all-cause and ovarian
cancer specific mortality have worsened over the
last three decades [94]. Data from the National
Center for Health Statistics and the National
Cancer Institute confirm that from 1975 to 2004,
the 5-year survival rate for black women actually
decreased from 43 to 38 % during the same time
interval [95].

For ovarian cancer in particular, population-
based studies have documented worse survival
outcomes for black women [40, 96]. A compre-
hensive literature review published in 2013 high-
lighted that black women suffer discrepancies in
care from diagnosis to treatment that detrimen-
tally affects survival for all stages of disease [74].
This was confirmed in multiple large population
based analyses [73, 97]. In an analysis of 47,160
women, including 3165 black women, that found
that black race, Medicaid insurance status and
not insured payer status each independently
increased risk of death by 30 %, after adjusting
for clinicopathologic, sociodemographic, and
treatment characteristics [73]. Treatment at low-
volume centers with low-volume providers has
also now been linked with worse survival for
women with advanced stage disease, which is
disproportionately borne by black and Hispanic

women, and women with Medicaid insurance
and low SES [73, 98].

With better quantification of socioeconomic
factors and the ability to estimate previously ill-
defined metrics like distance to a high-volume
surgical center, recent studies have more clearly
delineated the impact of poverty and geography
on the receipt of ovarian cancer NCCN guideline-
adherent care. Bristow et al. found that black
race, low-SES, and geographic location
>80 km/50 mi from a high-volume hospital were
independently associated with an increased risk
of non-adherent care, with white patients more
likely to travel >32 km/20 mi to receive care
compared to all non-white counterparts [99].
Low SES was associated with location
>80 km/50 mi from a high-volume hospital
(6.3 % highest SES vs. 33.0 % lowest SES). On a
smaller scale, investigators explored the impact
of neighborhood disadvantage and ovarian
cancer-specific survival for women with ovarian
cancer in Cook County, Illinois [100].
Neighborhood disadvantage was negatively asso-
ciated with ovarian cancer-specific survival, and
after adjusting for tumor characteristics, age, and
treatment, was able to diminish the risk of death
for black women compared to whites (HR=1.59,
p=0.003 to HR=1.32, p=0.10). Importantly,
guideline adherent care appears to impact equally
survival for women with advanced ovarian can-
cer across socioeconomic strata and racial cate-
gorization, supporting the delivery of standard of
care to improve survival for all women with ovar-
ian cancer [101].

The delivery of guideline-adherent care will
help reduce disparities in survival; however, even
in equal access environments, results are conflict-
ing. In studies from two high-volume medical
centers, the Surveillance, Epidemiology and End
Results-Medicare database, and Gynecologic
Oncology Group clinical trials have found that
under equal access and treatment environments,
the survival disparity of black women largely dis-
appears [90, 102-104]. Conversely, in patients
with advanced ovarian cancer enrolled in phase
II clinical trials in the Southwest Oncology
Group, black women saw a persistently higher
risk of mortality despite adjustments for prognos-
tics factors and SES characteristics [105].
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Conclusions

The issue of health disparities in ovarian cancer is
complex and requires the provision of adequate
health care coverage, improving access to care
through education of patients and providers, and
better understanding of the biologic mechanisms
of carcinogenesis. The centralization of care at
high-volume medical centers is one way to help
ensure guideline-adherent care; however, methods
to overcome geographic barriers are less concrete
and also involve widespread community-based
disparities through the segregation of neighbor-
hood by race. More research is needed to help
equalize care among all women with ovarian can-
cer to help ensure a comprehensive approach to
treatment and maximizing survival.

Vulvar and Vaginal Cancer

Vulvar and vaginal cancers are rare, and thus there
is a paucity of data on patterns of care by race/
ethnicity. According to a study using SEER data,
vulvar cancer is far more common in non-Hispanic
white women (83.8 % of cases) compared to black
(8.9 %) and Hispanic (5.0 %) women [106]. There
was no significant difference in stage at diagnosis
between white, black, and Hispanic women in this
study. However, in another study that compared
white and black women only and did not include
Hispanic women, black women with vulvar cancer
tend to have a higher rate of distant metastasis
compared to white women [107]. Similar to pat-
terns of care seen with cervical cancer, after adjust-
ment for stage, black women were half as likely
(OR=0.48, 95% CI 0.31-0.74) to undergo sur-
gery and 1.7 times more likely (OR=1.67, 95%
CI 1.18-2.36) to receive radiation than white
women [106]. In a multivariable analysis, there
was no significant difference in risk of death by
race/ethnicity group [106].

In a similar study of vaginal cancer using
SEER data from 1988 to 2007, vaginal cancer is
also far more common in white women compared
to black women (85.8 % vs 14.2 %, respectively)
[108]. Black women presented with more
advanced disease compared to white women

FW. Liu et al.

(30.4 % vs 23.1 %). In contrast to vulvar and cer-
vical cancer, radiation therapy was utilized
equally in both racial groups. However, white
women underwent surgical treatment alone or in
combination with radiation therapy more fre-
quently compared to black women (27.7% vs.
17.5%). The 5-year survival was significantly
better for white women (45 %) compared to black
women (38.6 %). In multivariable analysis, com-
pared with white women, black women had sig-
nificantly worse survival after controlling for age,
histology, stage, grade, and treatment modality
(HR 1.2,95% CI 1.1-1.4, p=0.007).

Conclusions and Recommendations

National and governmental organizations have
focused on eliminating racial inequities in health
outcomes. From incidence differences in high-
risk uterine cancer to screening variations in cer-
vical cancer and treatment inequalities in ovarian
cancer, there are several areas where intervention
may help alleviate the disproportionate number
of minority women with gynecologic cancer who
are affected by health disparities. The issue of
health disparities is complex and requires improv-
ing access to care through education of patients
and providers, the provision of adequate health
care coverage, and better understanding of bio-
logic and genetic polymorphisms. In each of
these areas, more research is needed to help
equalize care among all women with gynecologic
cancers. Addressing inequalities in access will
help ensure that all women with gynecologic
cancers have a comprehensive approach to pre-
vention, treatment, and maximizing survival.
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