
ONCOLOGY REPORTS  46:  223,  2021

Abstract. Ovarian cancer (OC) remains the leading cause of 
mortality due to gynecological malignancies. Epidemiological 
studies have demonstrated that steroid hormones released from 
the hypothalamic‑pituitary‑ovarian axis can play a role in 
stimulating or inhibiting OC progression, with gonadotropins, 
estrogens and androgens promoting OC progression, while 
gonadotropin‑releasing hormone (GnRH) and progesterone 
may be protective factors in OC. Experimental studies have 
indicated that hormone receptors are expressed in OC cells and 
mediate the growth stimulatory or growth inhibitory effects of 
hormones on these cells. Hormone therapy agents have been 
evaluated in a number of clinical trials. The majority of these 
trials were conducted in patients with relapsed or refractory 
OC with average efficacy and limited side‑effects. A better 
understanding of the mechanisms through which hormones 
affect cell growth may improve the efficacy of hormone 
therapy. In the present review article, the role of hormones 
(GnRH, gonadotropins, androgens, estrogens and progestins) 
and their receptors in OC tumorigenesis, and hormonal therapy 
in OC treatment is discussed and summarized.

Contents

1.	 Introduction
2.	 Hormone hypothesis of ovarian cancer pathogenesis 
3.	 Gonadotropins and GnRH
4.	 Androgens 
5.	 Estrogen
6.	 Progesterone and progestins
7.	� Hormone replacement therapy and the risk of ovarian 

cancer
8.	 Conclusions and future perspectives

1. Introduction

Ovarian cancer (OC) is a highly common malignancy of the 
female reproductive system that ranks 4th among all causes 
of cancer‑related mortality among women (1,2). The early 
symptoms of OC are atypical, and reliable methods in terms 
of early detection are insufficient, with ~70% of cases already 
presenting with International Federation of Gynecology and 
Obstetrics (FIGO) stage III/IV disease at clinical diagnosis (3). 
OC is currently treated with full‑stage surgery or tumor 
cell reduction combined with first‑line chemotherapy drugs 
(paclitaxel or platinum) as the standard of care. Chemotherapy 
results in first remission in ~80% of patients, whereas the 
majority of cases experience tumor recurrence and progressive 
chemoresistance within 5 years, achieving a 5‑year survival 
rate of <47.6% (3). Thus, further investigations are required 
in order to gain insight into the pathogenesis OC and design 
novel therapeutic strategies. 

OC is divided into various histopathological subtypes, 
including epithelial, germ cell and sex cord‑stromal tumors. 
Almost 90% of malignant ovarian tumors are epithelial, origi‑
nating in the ovarian surface epithelium (OSE). However, over 
the past few years, the fimbriae of the fallopian tubes were 
considered as the probable site of origin of such malignan‑
cies, particularly high‑grade serous OC (HGSOC) (4,5). It 
is noteworthy that simple original OSE exhibiting mesen‑
chyme‑related characteristics is characterized by the Müllerian 
epithelium since its development towards malignancy. Based 
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on the morphology, function and antigenic similarity to the 
Müllerian duct epithelium, epithelial OC (EOC) is divided 
into five major subtypes that are histologically defined as 
follows: Mucinous (3%), clear cell (10%), endometrioid 
(10%), low‑grade serous OC (LGSOC; <5%) and HGSOC 
(70%) (6‑8). The primary origin of HGSOC is the fimbri‑
ated end of the fallopian tube, and its characteristics include 
common TP53 mutations and aberrations in genes involved 
in cell cycle control [e.g., neurofibromin 1 (NF1), retinoblas‑
toma 1 (RB1) and cyclin E1 (CCNE1)], or the inactivation of 
genes involved in homologous recombination DNA repair 
(e.g., BRCA1 and BRCA2) (9,10). LGSOC may be implicated 
in the activation of the MAPK pathway via NRAS, KRAS or 
BRAF mutations, and is associated with high levels of estrogen 
receptor (ER) and progesterone receptor (PR) expression (11). 
Endometrioid and clear cell OC may be associated with 
endometriosis, whereas certain lifestyle factors (e.g., smoking) 
noticeably increase the risk of developing mucinous OC (12,13). 
Moreover, the pathogenesis of OC is also associated with 
mutations in the AT‑rich interaction domain 1A (ARID1A), 
phosphatidylinositol‑4,5‑bisphosphate  3‑kinase catalytic 
subunit alpha (PIK3CA) and phosphatase and tensin homolog 
(PTEN) genes  (14‑16). Ovarian germ cell tumors develop 
from primordial germ cells of the embryonic gonads, and the 
most common germ cell malignancies include yolk sac tumor, 
teratoma and dysgerminoma. Sex cord‑stromal neoplasms 
may originate from a wide range of cell types within the sex 
cords and gonadal stroma. Granulosa cell tumors (GCTs) are 
the most common in this group, accounting for ~5% of all OC 
cases.

Despite its major impact on public health, the factors 
regulating the development and progression of OC have yet 
to be fully elucidated (17,18). In general, women who inherit 
mutations in either one of the two breast cancer susceptibility 
genes (BRCA1 or BRCA2) are at an increased risk of devel‑
oping breast cancer and OC compared with women without a 
BRCA gene mutation. The overall lifetime risk for developing 
OC is 20‑40% for women who have a BRCA1 mutation and 
10‑20% for women who have a BRCA2 mutation. Women in 
the general population have a <2% risk of developing OC (19). 
The National Comprehensive Cancer Network (NCCN) 
OC guidelines (2021)  (20) recommend poly(ADP‑ribose) 
polymerase (PARP) inhibitors for maintenance therapy in 
patients with platinum‑sensitive recurrent OC, regardless of 
the biomarker status. In addition, the widespread application 
of hormone therapy in the clinical treatment of breast and 
endometrial cancers has made hormone receptors the primary 
research direction for a targeted cure for OC (21,22). It has been 
clearly stated in the NCCN OC guidelines (2021) (20) and in 
the European Society of Medical Oncology/European Society 
of Gynecological Oncology guidelines  (23) that hormonal 
therapy may be used to treat patients with platinum‑resistant 
and recurrent OC. Epidemiological studies have demonstrated 
that steroid hormones released through the hypothalamic/pitu‑
itary/ovarian axis can stimulate or suppress OC progression: 
Gonadotropins, estrogens and androgens promote OC progres‑
sion, while gonadotropin‑releasing hormone (GnRH) and 
progesterone may serve as protective factors against OC (3,24). 
The endocrine regulation of the ovary primarily relies on the 
neuroendocrine actions of the hypothalamic‑pituitary‑ovary 

axis (Fig. 1). Experimental studies and clinicopathological find‑
ings have demonstrated that hormone receptors are expressed 
in the normal ovarian surface epithelium, as well as in ovarian 
cancer cells and mediate the stimulatory or inhibitory effects 
of various hormones on the development of these cells. 
Moreover, hormonal therapeutic agents have been clinically 
evaluated in some patients with recurrent or refractory ovarian 
tumors, mainly exhibiting average efficiency and limited 
side‑effects. For example, in the study by Sieh et al (25), data 
from almost 3,000 women with invasive EOC were analyzed 
u sing hormone receptor assay and evidence of the prognostic 
role of ER and PR and the potential hormonal sensitivity of 
EOC was provided. In addition, Paleari and DeCensi  (26) 
conducted a meta‑analysis of 53  clinical trials, including 
2,490 patients and revealed an overall clinical benefit rate 
(CBR) of 41% [95% confidence interval (CI), 0.34‑0.48] for 
any endocrine therapy. These results suggest that a greater 
understanding of the mechanisms through which hormones 
affect OC cell development may improve the effectiveness of 
hormone therapy for patients with this type of cancer. 

The present review conducted a literature search on 
PubMed, Web of Science and Clinical Trials for relevant 
articles published from inception to May,  2021 with no 
restrictions. The search terms included ‘hormone therapy’ 
(or ‘hormone replacement therapy’) and ‘ovarian cancer’ 
(or ‘ovarian carcinoma’ or ‘ovary cancer’); ‘peptide hormones 
(gonadotropin‑releasing hormone/GnRH, gonadotropins, 
androgens, estrogens, and progestins) and ‘ovarian cancer’ 
(or ‘ovarian carcinoma’ or ‘ovary cancer’). The reference 
lists of the included studies were also reviewed for potential 
available studies. The mechanisms involved in the hormonal 
influences on the progression of OC (mainly EOC) are summa‑
rized, mentioning peptide hormones (GnRH, gonadotropins, 
androgens, estrogens and progestins), and the clinical efficacy 
and safety of various hormonal therapies for OC are discussed.

2. Hormone hypothesis of ovarian cancer pathogenesis 

Epidemiological studies have implicated hormonal and repro‑
ductive factors in the pathogenesis of OC. Several hormonal 
hypotheses have been suggested thus far in an attempt to eluci‑
date the etiology of OC, including gonadotropin signaling, 
direct influences exerted by progesterone and androgen, 
and incessant ovulation (Fig. 2). The first hypothesis of sex 
hormones as a potential mechanism underlying ovarian carci‑
nogenesis is the ‘gonadotropin hypothesis’ (27‑29). According 
to this hypothesis, OC advances due to excessive ovarian tissue 
excitation by pituitary gonadotropins [follicle‑stimulating 
hormone (FSH) and luteinizing hormone (LH)] (27). Exposure 
to excess gonadotropins, which is associated with menopause, 
ovulation or infertility treatment, has been identified as an 
important risk factor for the development of OC. Moreover, 
such a theory would also explain the decreased risk of devel‑
oping OC associated with the use of oral contraceptives and 
pregnancy, which results in the decreased exposure to gonado‑
tropins owing to the negative feedback regulation of steroid 
hormones onto the pituitary gland (30,31). In contrast to the 
above, post‑menopausal women with increased gonadotropin 
levels and women suffering from polycystic ovary syndrome 
(PCOS), who have upregulated circulating LH levels, are at an 
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increased risk of developing EOC (32). Evidence from several 
epidemiological studies supports the gonadotropin theory. 
First, the rise in circulating gonadotropin levels exhibits a 
strong temporal association with the increased incidence of 
EOC (33,34). Menopause occurs at the age of ~51 years and 
is accompanied by variations in gonadotropin levels due to 
the cessation of the menstrual cycle and the deterioration of 
ovarian function. When ovarian function ceases completely, 
the negative feedback of ovarian steroids on gonadotropins is 
lost. Within 2‑3 years following menopause, the gonadotropin 
levels can be particularly high. Accordingly, the LH and 
FSH concentrations may peak 3‑4‑fold (20‑50 mIU/ml) and 
10‑20‑fold (50‑100 mIU/ml) compared with the values during 
the proliferation stage of the menstrual cycle, respectively. 
Subsequently, the levels of both gonadotropins slightly decline 
in a gradual manner. The incidence of EOC markedly increases 
at the age range in which the majority of women experience 
menopause, a phenomenon consistent with the gonadotropin 
theory. The mean age at onset of EOC is 57‑59 years in the 
USA, and half of the cases are aged >65 years at the time 
of diagnosis, with 85‑90% of the cases recorded in peri‑ or 
post‑menopausal women, whereas EOC occurs in only 
10‑15% of pre‑menopausal women  (35,36). According to 
early information, multiple pregnancies and the use of oral 
contraceptives are established protective factors in terms of 
the incidence of EOC; each additional pregnancy is associated 

with a 10‑16% reduction in the risk of developing EOC (37,38), 
and the protective effect of oral contraceptives increases by 
7% with each year of use, reaching a 80% decrease among 
long‑term users (over a decade) (39). These data regarding 
multiple pregnancies and the long‑term use of oral contracep‑
tives support the gonadotropic theory, since these factors are 
associated with low gonadotropin levels and the suppression 
of incessant ovulation. Furthermore, late menopause and early 
menarche are associated with a higher number of ovulations 
and exposure to high gonadotropin levels, thereby increasing 
the risk of developing EOC. The gonadotropin hypothesis is 
further supported by the elevated gonadotropin levels found 
in the cysts and peritoneal fluid of patients with EOC (40,41). 
In particular, high concentrations of FSH in ascitic fluid have 
been suggested to be inversely associated with survival (42), 
and EOC has been found to be associated with significantly 
higher levels of FSH in serum and capsular fluid compared 
with non‑neoplastic ovarian lesions (43). 

Another major hypothesis in the development of EOC, 
namely incessant ovulation, was proposed in  1971 by 
Fathalla (44). The causal mechanism through which ovulation 
facilitates ovarian carcinogenesis remains unclear; however, 
some possible theories have been suggested. During the 
ovulatory process, the OSE is damaged and, subsequently, 
the repair process occurs through extensive cell proliferation, 
increasing the likelihood of spontaneous error and genome 
instability during DNA replication (45). Later studies under 
various disciplines proved the protective effect exerted by oral 
contraceptives, provided further insight into the biological 
mechanisms of ovulation, examined the possible pharma‑
cological production of luteinized unruptured follicles and 
presented epidemiology‑related evidence for this hypoth‑
esis (30,46). The lifetime number of ovulatory cycles or years 
exhibits a positive association with the risk of developing EOC, 
which supports the hypothesis of incessant ovulation (47,48). 
The levels of several inflammatory mediators (e.g., prostaglan‑
dins and cytokines) are increased during ovulation and may 
enhance mutagenesis (45). Moreover, the ‘androgen/progestin 
hypothesis’ is suggested to be a fundamental mechanism 
underlying the development of EOC. According to this hypoth‑
esis, the higher androgen levels observed in menopausal or 
obese women, and in patients with PCOS, are associated with 
an increased risk of developing EOC, whereas progesterone 
reduces the risk of developing EOC (49,50). Although several 
in vitro and animal studies have suggested a role for andro‑
gens in the development of EOC (50‑52), the epidemiological 
evidence is not convincing.

3. Gonadotropins and GnRH

Role of FSH, LH and their receptors in OC and the normal 
ovarian surface epithelium. The two gonadotropins, FSH 
and LH, which share similar chemical and structural char‑
acteristics, are synthesized in the anterior pituitary, regulate 
gametogenesis and steroidogenesis in the testes and the ovary 
in an endocrine manner, and they are critical regulators of 
ovarian cell function (53). Specific receptors for gonadotropins 
have been reported in EOC, as well as in normal OSE cells and 
in fallopian tube cells (54,55). The LH receptor (LHR) and FSH 
receptor (FSHR) are G‑protein coupled seven‑transmembrane 

Figure 1. Hormonal environment of the ovaries. The endocrine regulation of 
ovary is primarily directed by the neuroendocrine actions of the HPO axis. 
Proper development and organization of the HPO axis are indispensable for 
normal female fertility. The basic molecule regulating the function of the 
HPO axis is GnRH. The episodic and timely secretion of GnRH from the 
hypothalamus and the activation of the pituitary GnRH‑R are essential for 
the synthesis and secretion of gonadotropins (FSH and LH). The ovarian 
tissue secretes mainly estrogen, progesterone and androgens, which together 
with a small amount of androgens from the adrenal cortex regulate the 
development of ovarian tissue and the maturation of follicles for release 
(the figure was created using biorender.com). HPO, hypothalamic‑pitu‑
itary‑ovary; GnRH, gonadotropin‑releasing hormone; GnRH‑R, GnRH 
receptor; FSH,  follicle‑stimulating hormone; LH, luteinizing hormone; 
ACTH, adrenocorticotrophic hormone.
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domain receptors (Fig. 3) that are highly expressed in theca 
and granulosa cells, and play essential roles in reproductive 
physiology when activated by their respective hormones (56). 

Over the past few years, FSHR expression has been identified 
in the tumor vasculature of a number of epithelial tumors, 
indicating a wider role for FSHR in carcinogenesis (57,58). 

Figure 3. Mode of action of hormones binding to the corresponding receptors. The ER is a cytoplasmic monomer when not bound to a ligand. However, when 
bound to estrogen (E2), it is translocated to the nucleus and dimerizes. The ER then binds to the ERE in the upstream regulatory region of the estrogen response 
gene and recruits the cofactor complex [coenzyme A (CoA)] to induce or regulate gene transcription. The PR is a specific cellular protein with a high affinity 
and specificity for the progesterone (P) hormone. Progesterone binds to the progesterone receptor and enters the nucleus to form phosphorylated dimers. 
Subsequently, progesterone acts in concert with estrogen to promote proliferative and pro‑survival gene programs. Androgen binding to AR is subsequently 
transferred to the nucleus where it binds to AREs in chromosomes and regulates the transcription of its target genes together with various transcription 
factors and co‑regulators. GnRH I and the gonadotropins (FSH and LH) bind to the GPCRs and perform their respective functions (the figure was created 
using biorender.com). ER, estrogen receptor; ERE, estrogen response element; CoA, coenzyme A; PR, progesterone receptor; AREs, androgen response 
elements; GnRH I, gonadotropin‑releasing hormone I; FSH, follicle‑stimulating hormone; LH, luteinizing hormone; ACTH, adrenocorticotrophic hormone; 
GPCRs, G protein‑coupled receptors. 

Figure 2. Proposed hypotheses for the development of OC. There are several proposed hypotheses regarding the development of OC, although there is not 
sufficient evidence to support their association (the figure was created using biorender.com). FSH, follicle‑stimulating hormone; LH, luteinizing hormone; 
ACTH, adrenocorticotrophic hormone.
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The expression status of various gonadotropin receptors 
likely affects ovarian tumor progression through various 
mechanisms. According to Lenhard et al (59), patients with 
EOC expressing higher levels of FSHR than LHR had a worse 
prognosis, whereas cases expressing higher levels of LHR than 
FSHR exhibited an improved overall survival. Two previous 
studies investigated the effects of FSHR overexpression on 
immortalized OSE cells or benign ovarian epithelial tumor 
cells and the advanced EOC cell line, OVCAR‑3  (60,61). 
According to these studies, FSHR overexpression may be 
associated with an increased oncogenic potential and the 
increased proliferation of pre‑neoplastic OSE cells. In addi‑
tion, EOC cells that expressed FSHR exhibited a superior 
invasive ability (61). These data indicate that FSHR may acti‑
vate oncogenic pathways that promote cell proliferation and 
invasive phenotypes, even in the absence of FSH. Data from 
another study demonstrated that there was a positive associa‑
tion between FSHR and aryl hydrocarbon receptor levels, with 
their simultaneous expression observed in patients with the 
least favorable EOC outcomes (62). Cheung et al (63) investi‑
gated the functional roles of gonadotropin receptor expression 
in the progression of EOC and demonstrated that the knock‑
down of FSHR and LHR expression was associated with a 
more aggressive EOC phenotype and promoted pro‑metastatic 
behavior. The effects exerted by gonadotropins on EOC have 
not yet been thoroughly investigated. Some studies have 
demonstrated that gonadotropins (FSH and LH) promote cell 
migration and invasion by inducing cyclooxygenase (COX)2 
expression in EOC cells, and that specific COX2 inhibitors 
significantly prevent these effects  (53,64). A recent study 
reported that sphingosine kinase (SphK) served as a key 
mediator of FSH‑induced EOC cell proliferation, suggesting a 
novel strategy of using two isozymes of SphK as drug targets 
for the treatment of EOC (65). By contrast, another study 
demonstrated that in SKOV‑3 cells, the overexpression of LHR 
upregulated the expression of ERBB2, and the addition of LH 
further increased ERBB2 expression, whereas it reduced cell 
proliferation and motility, indicating that the upregulation 
of ERBB2 independently failed to effectively decrease the 
anti‑proliferative effect exerted by LH on these cells  (66). 
LH has also been implicated in the development of EOC by 
inducing the secretion of VEGF via the PI3K/AKT/mTOR 
pathway (67) and upregulating survivin expression, leading to 
the inhibition of apoptosis (68).

GnRHs and their receptors in OC. GnRH is a decapeptide 
hormone synthesized by the hypothalamus and comprises 10 
different amino acid residues. As a key neuromodulator of the 
reproductive system, GnRH is secreted in pulses and enters the 
anterior lobe of the pituitary gland via the hypothalamic/pitu‑
itary portal circulation, acts on gonadotropin‑secreting cells 
in the anterior pituitary, and regulates gamete formation and 
sex hormone production in the gonads through the regula‑
tion of pituitary synthesis and the secretion of FSH and LH. 
At present, there are three forms of GnRH found in most 
vertebrates, namely GnRH‑I, GnRH‑II and GnRH‑III, of 
which two subtypes, GnRH‑I and GnRH‑II, are expressed in 
humans (69,70). GnRH‑I, also known as LH‑releasing hormone, 
plays a role in regulating ovarian proliferative activity. GnRH‑I 
and its receptor are expressed in ~80% of human ovarian 

epithelial tumors, EOC cell lines and OSE cells (71), and their 
activation by exogenous factors has been found to be associ‑
ated with the notable (time‑ and dose‑dependent) and specific 
inhibition of cell proliferation  (72). Currently, the protein 
expression of the GnRH‑I receptor is considered as a favorable 
prognostic factor in primary ovarian tumors (73,74). GnRH‑II 
has been identified in the hypothalamus of chickens and has 
been reported to exhibit a conserved structure in vertebrates. 
Similar to GnRH‑I, GnRH‑II is expressed within a wide 
range of human ovarian cells, including OSE cells, granu‑
losa luteinizing cells, as well as in EOC cells (75‑77). It has 
been suggested that the anti‑proliferative effects of GnRH‑II 
on tumor cells are mediated via the GnRH‑I receptor, as a 
functional GnRH‑II receptor has not yet been identified (78). 
Further research on GnRH has demonstrated that, apart from 
the pituitary gland and hypothalamus, GnRH and the relevant 
receptors are also expressed in peripheral tissues (e.g., the 
ovaries, placenta, endometrium and smooth muscle) and in 
certain malignant tumors (e.g., OC, endometrial, breast and 
prostate cancers). GnRH must bind to the high‑affinity GnRH 
receptor (GnRH‑R) to exert its effects, i.e., the regulation of 
pituitary hormone release and extra‑pituitary products.

Possible mechanisms of GnRH/GnRH analog (GnRH‑a) 
therapy for OC. GnRH‑as are produced by replacing or 
removing the 6th and 10th amino acids from naturally occur‑
ring GnRH, and their biological properties are 50‑100‑fold 
stronger compared with those of natural GnRH. The ultimate 
effects and efficacy of GnRH agonists and antagonists are 
similar, differing in that antagonists have a more rapid onset of 
action and do not have the initial surge in sex hormone release. 
For example, the GnRH‑a, degarelix, which is an antagonist of 
gonadotropin receptors in the pituitary gland, directly inhibits 
the synthesis and release of LH and FSH, and does not have 
the initial surge characteristic of GnRH agonists (79). In addi‑
tion to protecting ovarian function and improving the quality 
of life of patients, GnRH‑as may also act as antitumor agents 
through various mechanisms. GnRH agonists and antagonists 
act by binding to GnRH‑Rs and are used in the treatmetn of 
steroid‑dependent conditions, including hormone‑dependent 
tumors (80). The pharmacological application of GnRH or 
the relevant synthetic analogs (agonists and antagonists) may 
represent a valuable tool for stimulating or blocking gonado‑
tropin secretion, regulating the fertility of women suffering 
from reproductive disorders and assisting with reproductive 
technologies (81). GnRH‑as can inhibit the hypothalamic/pitu‑
itary axis and inhibit tumor growth by downregulating FSH 
and LH secretion and by binding to GnRH‑I and GnRH‑II 
receptors on the surface of cancer cells, thereby exerting 
direct inhibitory effects on cancer cells through the regulation 
of local autocrine and paracrine secretion (Table I). Following 
the administration of GnRH agonists, FSH and LH levels 
are increased for a short period of time; following long‑term 
administration, the number of GnRH‑Rs decreases, inhibiting 
FSH and LH release and thus, the secretion of estrogen and 
progesterone by the ovaries. GnRH antagonists exert oppo‑
site effects. By directly binding to the GnRH‑R, they inhibit 
the release of FSH and LH without stimulating the pituitary 
gland, thereby reducing the level of progesterone and estrogen 
in the blood, and inhibiting sex hormone‑dependent tumor 
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development  (82). GnRH does not only play a key role in 
mammalian reproductive regulation; however, it has also been 
widely reported to exert significant antitumor (anti‑prolifera‑
tive and anti‑metastatic) effects by regulating the activation of 
local GnRH‑R (83,84). The antitumor mechanisms of action 
of GnRH‑I in OC are considered to involve the desensitization 
or downregulation of GnRH‑I receptors within the pituitary 
gland, thereby reducing gonadotropin secretion, which in turn 
leads to a decrease in gonadotropin steroids acting as tumor 
growth‑promoting factors (85,86). In addition to regulating 
gonadotropin and relevant receptors in vitro, GnRH‑I and 
the relevant analogs have also been found to exert a direct 
inhibitory effect on normal epithelial cells and EOC cell lines 
in vitro and in vivo, leading to cell cycle arrest based on the 
increase in the protein levels of p53 and p21 (87). 

After binding to G‑protein  α(i), activated GnRH‑R 
induces a phosphotyrosine phosphatase (PTP) that is subject 
to EGF‑triggered tyrosine autophosphorylation of the EGF 

receptor, which leads to a reduction in cell proliferation and 
mitogenic signal transduction  (88). This process prevents 
growth factor‑driven mitogenic signaling, leading to the 
EGFR‑induced expression of MAPK (72) and c‑fos (89), as 
well as in the inhibition of cell proliferation (90). In addi‑
tion, GnRH‑I has been reported to have the ability to trigger 
JunD‑DNA binding, leading to an increased cell number and 
a decreased DNA synthesis at the G0/G1 phase of the cell 
cycle, thereby reducing cell proliferation (91). The GnRH‑I 
analog, leuprorelin, may also induce the apoptosis of tumor 
cells through the Fas‑ligand/Fas mechanism. Data from two 
research teams suggested that elevated levels of Fas ligand 
in tumors expressing GnRH‑R were likely to promote apop‑
totic cell death by targeting intratumoral Fas‑positive cells, 
thereby exerting growth inhibitory effects on GnRH‑sensitive 
tumors  (92,93). However, the GnRH‑I agonist, triptorelin 
(D‑Trp‑6‑LH‑RH), has been reported to reduce apoptosis 
induced by NF‑κB activation triggered by the cytotoxic 

Table I. Hormonal therapy options for ovarian cancer.

Hormone therapy	 Mechanisms	 Options

GnRH analogs	 Competitively binds GnRH‑R and reduces the secretion of FSH and LH	 GnRH I agonists
		  Triptorelin
		  Goserelin
		  Histrelin
		  Leuprolide acetate
		  GnRH II antagonists
		  Cetrorelix
		  Degarelix acetate
Estrogen	 Estrogen receptor blockade	 Antiestrogens: 
		  Tamoxifen
		  Toremifene
	 Estrogen synthesis suppression	 Aromatase inhibitors:
		  Anastrozole
		  Exemestane
		  Letrozole
	 Estrogen receptor downregulation	 ER antagonist: 
		  Fulvestrant
	 Hormonal ablation	 Surgery
		  Radiation (infrequently used)
Androgen	 Androgen receptor blockade	 Anti‑androgens:
		  Flutamide
		  Bicalutamide
		  Enzalutamide
Progesterone	 Progesterone receptor blockade	 PR antagonists:
		  Mifepristone
		  Medroxyprogesterone
		  Megestrol acetate
	 Increasing progesterone levels	 Oral contraceptive pills
		  Pregnancy
		  Breastfeeding

GnRH‑R, gonadotropin‑releasing hormone receptor; FSH, follicle‑stimulating hormone; LH, luteinizing hormone; ER, estrogen receptor; 
PR, progesterone receptor.
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agent, doxorubicin (94‑96). GnRH‑II has been reported to 
exert a more prominent anti‑proliferative effect on EOC cells 
compared with equimolar concentrations of GnRH‑I agonists. 
The inhibitory effect exerted by GnRH‑II on the proliferation 
of EOC cells in humans notably exceeds that exerted by the 
highly active GnRH‑I agonist, triptorelin (97). GnRH‑I and 
GnRH‑II agonists inhibit the mitogenic signaling of growth 
factor receptors based on the activation of PTP, thus leading to 
decreased proliferation of cancer cells (88). Unlike GnRH‑I and 
GnRH‑II agonists, GnRH‑II antagonists mainly promote the 
apoptosis of EOC cells (97). Apoptosis triggered by GnRH‑II 
antagonists occurs through intrinsic apoptotic pathways: This 
is mediated via the activity of the pro‑apoptotic protein, Bax, 
induced by MAPKs p38 and JNK, followed by caspase‑3 acti‑
vation, the release cytoplasmic cytochrome c, and the probable 
loss of mitochondrial membrane potential (97,98). The afore‑
mentioned antitumor effects were confirmed in nude mice, 
as a previous study demonstrated that antagonistic analogs 
of GnRH‑II significantly reduced the growth of mouse EOC 
xenograft tumors without notable side‑effects (97). Since the 
existence of a GnRH‑II receptor in humans is controversial, 
there is a tendency to infer that the anti‑proliferative effects of 
both GnRH‑I and GnRH‑II are mediated through the GnRH‑I 
receptor (99,100). Of note, the GnRH antagonist, AEZ‑115, 
has exhibited substantial antitumor activity in endometrial and 
EOC cells; however, this antitumor effect is not mediated by 
tumor GnRH‑Rs (90). Based on the GnRH‑R tumor‑specific 
signaling in gynecological cancers, such as OC, and the 
particular distribution of GnRH‑R, gene therapy by employing 
GnRH‑a as inducers of therapeutically related gene transcrip‑
tion has been successfully developed and tested in vitro, as 
well as in athymic mice with EOC cell xenografts (101).

Clinical application of GnRH‑as in OC. The inhibitory effect 
of gonadotropins and the anti‑proliferative effect exerted by 
GnRH‑a binding to the receptor form the rationale for their use 
in various hormone‑dependent tumors. In a limited number of 
clinical studies, GnRH‑I agonists have been assessed for their 
potential as third‑line therapy in women with recurrent (mostly 
platinum‑resistant) and refractory OC, and with the failure of 
at least one regimen of chemotherapy. A summary of 18 clin‑
ical trials (102‑119), dating back to 1988, that have employed a 
wide range of GnRH‑as (triptorelin, goserelin and leuprolide) 
for the treatment of patients with relapsed/platinum‑resistant 
OC is presented in Table II. Initially, Parmar et al (102,120) 
reported on patients with advanced EOC who relapsed 
following conventional treatment and were treated with 
slow‑release triptorelin microcapsules once per month. During 
treatment, they observed stable disease  (SD) in 5 patients 
and evidence of clinical and/or radiological partial remis‑
sion (PR) in 6 patients, where the tumor size decreased by 
>50%. This result suggests that the clinical benefit of therapy 
with GnRH agonists for recurrent OC is highly encouraging. 
Subsequently, based on the inhibition of LH/FSH secretion 
by GnRH agonists, several clinical trials using triptorelin and 
leuprolide acetate in advanced recurrent EOC demonstrated 
associated objective remission and/or disease stabilization 
in 10‑50% of patients (103,112,113,117). In addition, in 2014, 
42 women suffering from platinum‑refractory or ‑resistant 
GnRH‑R‑positive EOC were evaluated for zoptarelin efficacy 

and toxicity; of these 42 patients, 6 (14.3%) achieved a partial 
response and 16 (38%) had SD (121). However, regardless of the 
aforementioned encouraging results, the benefits of employing 
GnRH‑a as a treatment for advanced OC remain controversial. 

A prospective, double‑blind, randomized clinical research 
was carried out to assess whether the addition of the GnRH 
agonist, triptorelin, to the course of common platinum‑based 
chemotherapy prolongs the survival of patients with stage III 
or IV EOC who have previously undergone surgery; however, 
that study reported that the use of triptorelin to inhibit the 
release of gonadotropins did not inhibit disease progression 
or prolong the overall survival of the patients (107). In 2001, 
the European Organization for Research and Treatment 
of Cancer completed the largest trial of a GnRH agonist to 
date. In that study, 74  women with progressive OC who 
were treated with platinum‑based chemotherapy received 
intramuscular injections of the GnRH agonist triptorelin. 
However, according to the results presented, triptorelin 
treatment was only moderately effective in patients already 
treated with platinum‑based chemotherapy (106). In a recent 
phase II clinical trial, tamoxifen and goserelin were combined 
to treat patients with advanced EOC who had developed 
recurrence following chemotherapy. Although ‘endocrine 
responses’ were observed in ~50% of the patients, including 
SD (38.5%), partial response (7.7%) and complete response 
(3.8%), there was no consistent association observe4d between 
LH/FSH suppression and tumor progression (111). Similarly, 
in two other pilot studies in which patients with advanced 
OC were treated independently with platinum‑containing 
chemotherapy or chemotherapy plus triptorelin, no significant 
differences were observed between the two groups in terms 
of drug response, survival and time to progression (122,123). 
The ineffectiveness of GnRH agonists when combined with 
chemotherapeutic agents may be due to their direct anti‑prolif‑
erative effect being neutralized by chemotherapy‑related 
anti‑apoptotic activity, as confirmed by in vitro cell experi‑
ments. By contrast, Rzepka‑Górska et al (124) reported that 
the combination of chemotherapy and the GnRH‑a, goserelin, 
yielded favorable results in advanced OC and, in that study, 
patients in the combination group exhibited higher overall and 
5‑year survival rates compared with the chemotherapy group; 
in addition, serum LH levels were significantly lower in the 
combination group. Based on this result, it was concluded that 
combination therapy for advanced OC was effective and that 
GnRH‑a may be an effective adjuvant therapy for OC (124).

As GnRH agonists have failed to meet the expectations 
in the clinical setting, the application of high doses of GnRH 
antagonists warrants further in‑depth investigations. Since 
GnRH‑I antagonists do not possess intrinsic gonadotropin 
activity, the initial ‘burst’ phenomenon observed with agonist 
therapy can be avoided, which renders antagonists more toler‑
able and blocks gonadotropin secretion within a short period 
of time. High‑dose cetrorelix, a GnRH‑I antagonist, was 
used in a phase II trial for the treatment of OC or Müllerian 
tumors refractory to platinum chemotherapy: All cases who 
relapsed following standard chemotherapy received 10 mg 
cetrorelix daily. A total of 3  patients (18%) experienced 
partial remission following cetrorelix treatment, lasting for 
9, 16 and 17 weeks, respectively, and 6 patients (35%) had 
SD for 1‑12 months (119). These results suggest that GnRH 
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Table II. Overview of trials using GnRH analogs in ovarian cancer.

Drug	 Condition	 Intervention	 Histology (no. of samples)	 CR	 PR	 SD	 Phase	 (Refs.)

Triptorelin	 Advanced EOC	 Long‑acting depot/month	 41;	 0	 6	 5	 II	 (102)
			   Serous, 28;
			   endometrioid, 7;
			   Mucinous, 1;
			   Clear cell, 2;
			   Mixed, 3
Triptorelin	 Advanced EOC	 0.1 mg/daily or	 19;	 0	 11	 0	 II	 (103)
		  3.2 mg/month depot	 Serous:19
Triptorelin	 Progressive ovarian	 3.75 mg for 4 weeks	 15;	 0	 0	 14	 II	 (104)
	 cancer		  Serous, 12;
			   Mucinous, 2;
			   Brenner, 1
Triptorelin	 Relapsed ovarian	 3.2 mg for 4 weeks	 14;	 0	 0	 8	 II	 (105)
	 cancer		  Serous, 8;
			   Endometrioid, 3;
			   Mucinous, 1;
			   Anaplastic, 1;
			   Mixed, 1
Triptorelin	 Relapsed EOC	 3.75 mg/on days 1, 8 and	 69;	 0	 0	 11	 II	 (106)
		  28 followed by 4‑weekly	 Serous, 19;
			   Endometrioid, 5;
			   Mucinous, 4;
			   Clear cell, 2;
			   Mixed, 1;
			   Undifferentiated, 5;
			   Papillary, 6;
			   Unspecified, 27;
Triptorelin	 Advanced EOC	 3.75 mg/month depot	 69;	 0	 0	 0	 II	 (107)
			   Serous, 59;
			   Endometrioid, 2;
			   Mucinous, 4;
			   Clear cell, 1;
			   Undifferentiated, 3
Triptorelin and	 Progressive ovarian	 ‑	 40	 0	 0	 1	 ‑	 (108)
tamoxifen	 cancer		  ‑
Goserelin	 Refractory EOC	 3.6 mg/month 	 23;	 0	 4	 7	 II	 (109)
			   Serous, 15;
			   Endometrioid, 2;
			   Mucinous, 1;
			   Solid, 4;
			   Clear cell, 1
Goserelin	 Relapsed EOC	 3.6 mg/month 	 30;	 0	 2	 5	 II	 (110)
			   Serous, 14;
			   Endometrioid, 1;
			   Mucinous, 4;
			   Clear cell, 1;
			   Mixed, 1;
			   Undifferentiated, 7;
			   Borderline, 2
Goserelin and	 Recurrent EOC	 Goserelin, 3.6 mg once	 26	 1	 2	 10	 II	 (111)
tamoxifen		  a month; Tamoxifen,	 ‑
		  40 mg/daily
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antagonists may be considered for the palliative treatment of 
patients with platinum‑resistant OC. 

4. Androgens

Androgens and their receptors in OC. The biological effects 
of androgens [testosterone and dihydrotestosterone (DHT), 
as well as certain androgens produced by the adrenal glands 
and ovaries] are typically mediated via the androgen receptor 
(AR), a steroid hormone receptor that is a member of the 
nuclear receptor superfamily (125‑127). Under basal condi‑
tions, AR exhibits inactivity and can bind towards heat shock 

proteins and certain cellular partners. When activated by 
androgens, it induces a cascade of events (e.g., ligand binding, 
dissociation from heat shock protein, phosphorylation and 
dimerization) and is involved in nuclear translocation. Specific 
to the nucleus, AR binds to specific DNA sequences known 
as androgen response elements in the nucleus and binds to 
various AR cofactors to form complexes. The AR complex 
does not only alter the expression of genes involved in multiple 
physiological and pathological functions; however, under 
certain pathological conditions, AR may also become acti‑
vated in the absence of androgens. For example, the activation 
of AR by IL‑6 in human prostate carcinoma cells does not 

Table II. Continued.

Drug	 Condition	 Intervention	 Histology (no. of samples)	 CR	 PR	 SD	 Phase	 (Refs.)

Leuprolide	 Relapsed EOC	 3.75 mg intramuscularly	 32	 0	 4	 5	 ‑	 (112)
acetate		  once a month	 ‑
Leuprolide	 Platinum‑refractory	 3.75 mg intramuscularly	 32;	 1	 2	 4	 II	 (113)
acetate	 ovarian cancer	 once a month	 Serous, 25;
			   Endometrioid, 4;
			   Mucinous, 2;
			   Unspecified, 1
Leuprolide	 Platinum‑ and	 3.75 mg intramuscularly	 37;	 0	 0	 4	 ‑	 (114)
acetate	 paclitaxel‑refractory	 every 4 weeks	 Serous, 19;
	 ovarian cancer		  Endometrioid, 6;
			   Mucinous, 11;
			   Unspecified, 1
Leuprolide	 Advanced EOC	 3.75 mg on days 1, 8,	 12;	 0	 1	 3	 II	 (115)
acetate		  28 followed by 28‑day	 Serous, 9;
		  intervals	 Endometrioid, 1;
			   Mucinous, 2
Leuprolide	 Refractory or	 1 mg dose for a minimum	 18;	 0	 4	 2	 II	 (116)
acetate	 persistent EOC	 of 8 weeks	 Serous, 9;
			   Endometrioid, 2;
			   Mucinous, 3;
			   Unspecified, 4
Leuprolide	 Advanced or	 1 mg subcutaneously, daily	 5;	 1	 4	 0	 II	 (117)
acetate	 recurrent ovarian		  Serous, 2;
	 cancer		  Mucinous, 1;
			   Papillary, 1;
			   Brenner, 1
Leuprolide	 Advanced or	 1 mg subcutaneously daily	 25;	 0	 1	 15	 II	 (118)
acetate	 recurrent EOC		  Serous, 19;
			   Endometrioid, 2;
			   Mucinous, 1;
			   Clear cell, 1;
			   Mixed, 2
Cetrorelix	 Platinum‑resistant	 10 mg subcutaneously daily	 17;	 0	 3	 6	 II	 (119)
	 ovarian cancer		  Serous, 10;
			   Endometrioid, 5;
			   Mixed, 2

EOC, epithelial ovarian cancer; CR, complete response; PR, partial response; SD, stable disease.
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require the presence of androgens (128). Androgen/AR signals 
have been reported to promote metastasis and tumorigenesis 
in various malignancies, including prostate carcinoma, for 
which androgen deprivation therapy remains the primary 
treatment option (129), but also in other types of cancer, such 
as breast (130) and bladder cancer (131).

In addition, there is accumulating evidence to indicate that 
AR and related signaling pathways are involved in the develop‑
ment and progression of OC. The expression of AR in OC was 
first demonstrated by Hamilton et al (132) with the use of ligand 
binding tests. According to in‑depth research, AR expres‑
sion has been detected in ~90% of EOCs using biochemical 
receptor tests (133) and in 43.5‑86% of EOCs using immuno‑
histochemistry (134,135). Some investigators have attempted 
to determine whether AR is differentially expressed in various 
histological subtypes of OC. According to Cardillo et al (136) 
the expression of AR varies widely across various histological 
subtypes of OC. The aforementioned result was verified by 
Elattar et al (137), who reported that AR was expressed in 
43.7% of EOC samples, with the highest expression levels 
observed in serous carcinomas (47.5%). Similarly, according to 
de Toledo et al (138), AR‑positive expression tended to exhibit 
a higher prevalence in serous tumors compared with that in 
non‑serous tumors. The association between AR expression 
and other clinicopathological characteristics of OC, such 
as tumor stage and grade, was also assessed. According to 
Jönsson et al (139), a negative AR expression was associated 
with high‑grade cancer. By contrast, four other studies on 
malignant ovarian tumors reported that AR expression exhib‑
ited no association with tumor FIGO stage (135,136,138,140). 
Furthermore, according to a previous study, matched primary 
and metastatic serous EOC samples exhibited non‑significant 
differences in the levels of nuclear AR (140). In summary, AR 
expression is more frequently detected in serous compared 
with non‑serous ovarian tumors; however, whether AR expres‑
sion levels are crucial for OC progression requires further 
in‑depth investigation.

Androgen‑mediated AR signaling in ovarian tumorigenesis. 
Currently, a number of factors are known to be involved in 
regulating the transcriptional activity of AR, including not 
only various androgenic and androgen‑derived compounds, 
but also the expression levels and variants of AR per se. 
Edmondson et al (141) first demonstrated that OSE cells were 
androgen‑responsive, and the addition of androgen to eight 
primary human OSE cell lines cultured in vitro was able to 
promote the proliferation of these cells and reduce cell apop‑
tosis. In other in vitro experiments, DHT and testosterone 
were shown to notably stimulate the proliferation of ovarian 
tumor and normal ovarian cell lines/cultures (142). Co‑treating 
these cells with the anti‑androgen 4‑hydroxyflutamide also 
demonstrated that this androgen‑stimulating effect was revers‑
ible (142). In another study, DHT stimulation was reported to 
increase cell division in six of 11 primary cultured EOC cell 
lines. The proportion of cells in the S phase also increased 
from 4.4% in serum‑free medium to 8.3% in 100  nM 
DHT‑stimulated cells (137). In that study, it was also found 
that AR nuclear expression was positively associated with an 
increased fraction in the S phase in response to androgen stimu‑
lation, while the expression of AR in the immunohistochemical 

nuclear and cytoplasm was significantly decreased following 
chemotherapy (137). This may explain the low response rates 
observed in clinical trials among patients who have received 
aggressive prior chemotherapy. Other androgens, such as 
androstenedione (143) and methylosome (144), have also been 
shown to increase the proliferation and induce cell motility 
and invasion in EOC lines. Animal models have also been 
used to evaluate the effect of androgens on EOC progres‑
sion. According to Silva et al (145), testosterone therapy in 
guinea pigs promoted ovarian epithelial cell proliferation, 
leading to the formation of papillomas on the ovarian surface, 
small adenomas in the ovarian parenchyma and benign cysts. 
Similarly, in a mouse xenotransplantation model, DHT treat‑
ment significantly induced tumor growth (146), and the AR 
inhibitor enzalutamide was shown to antagonize the effects of 
DHT (147). These observations in animal models and cell lines 
suggest that androgen/AR signaling can critically stimulate 
EOC growth and promote EOC progression. The activation 
of AR signaling is likely to be associated with the sensitivity 
of malignant tumors to conventional chemotherapeutic agents, 
as suggested by research on prostate cancer (148) and bladder 
urothelial carcinoma (125). AR expression has also been found 
to be considerably upregulated in the paclitaxel‑resistant 
SKOV3 subline (149). Correspondingly, as previously demon‑
strated, in paclitaxel‑resistant SKOV3 cells, the silencing of 
AR via RNA interference increased cell sensitivity to chemo‑
therapy and enhanced paclitaxel‑mediated apoptosis (149,150). 
Conversely, the activation of AR with the agonist DHT 
has been shown to upregulate the expression of paclitaxel 
resistance target genes (150).

Clinical use of androgen deprivation therapy in patients 
with OC. As aforementioned, preclinical evidence suggests 
that androgen/AR signaling is associated with the progres‑
sion of OC, and targeting AR is a promising treatment 
strategy. However, to date, only a small number of clinical 
trials have been conducted to evaluate the efficacy of 
anti‑androgen therapy in OC, with or without GnRH agonists 
(Table III) (151‑155). Notably, androgen deprivation therapy 
(e.g., bicalutamide and flutamide), with or without GnRH 
agonists, is extensively applied in patients with prostate 
cancer without severe side‑effects, and functions by inhib‑
iting pituitary LH release and ultimately reducing androgen 
production (49,156). In a previous study, Tumolo et al (151) 
assessed the use of flutamide, a non‑steroidal AR antagonist, 
in patients with EOC who relapsed and progressed following 
platinum‑based chemotherapy. First, 68 eligible patients were 
included, 32 of whom had completed oral flutamide therapy 
(750 mg/day) for at least 2 months. Of the 32 patients in the 
study, only 2 responded to the treatment and the disease was 
stable over a mean period of 24 weeks in 9 patients. Based on 
the results of that trial, it was concluded that flutamide was inef‑
fective as a treatment for patients who had previously received 
extensive chemotherapy, and that it is associated with certain 
side‑effects, such as nausea and vomiting. In another phase II 
study, Vassilomanolakis et al (152) assessed the response of 
patients with stage III or IV EOC to flutamide (300 mg/day) 
following chemotherapy. The outcome of that clinical trial was 
not satisfactory, with only 1 (4.3%) of the 23 evaluated patients 
exhibiting a partial response and 2 patients (8.7%) having 
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SD, with the remaining 20  patients experiencing disease 
progression within 3 months. In addition, bicalutamide, a 
non‑steroidal drug exhibiting anti‑androgen characteristics, 
was tested in patients with grade II or higher EOC in remis‑
sion (154). However, the results of that study demonstrated that 
the oral bicalutamide administration (30 mg/day) combined 
with subcutaneous goserelin injection (3.6 mg/4 weeks) did 
not prolong progression‑free survival (PFS) in 35 patients. 
In another later study, Gruessner et al (153) investigated the 
effects of preoperative oral flutamide therapy (125 mg/day for 
6 weeks) on biomarker levels in blood and tissue samples from 
12 patients at a high risk of developing OC and 47 controls, 
47% of whom had BRCA mutations. The results demonstrated 
that flutamide significantly reduced the expression of colony 
stimulating factor (CSF)‑1 and Erb‑B2 receptor tyrosine 
kinase 4 (ERBB4) in the ovarian stroma and was well‑tolerated 
by the patients. Enzalutamide is an oral AR signaling inhibitor 
capable of blocking the binding of androgens to AR and 
preventing AR nuclear translocation, DNA binding and coacti‑
vator recruitment (157). In 2012, enzalutamide was approved 
by the US Food and Drug Administration for the treatment 
of castration‑resistant prostate carcinoma. A phase II study is 
currently underway to evaluate enzalutamide in women with 
AR‑positive OC (NCT 01974765) (155).

Evidence from limited clinical trials indicates that only a 
small proportion of patients with EOC benefit from androgen 
deprivation therapy consisting of non‑steroidal anti‑androgen 
drugs with generally tolerable side‑effects. Therefore, further 
research is required to determine the actual benefit of androgen 
deprivation therapy and the optimal regimen, and to select 

appropriate drug candidates by evaluating AR expression, AR 
polymorphism/fragment variation and downstream targets of 
AR activity.

5. Estrogen

Estrogen and ER in OC. Estrogens belong to the family of 
steroidal organic compounds and are mainly synthesized 
from androgens through the aromatase activity of granulosa 
cells in the ovaries. In fact, the term ‘estrogen’ refers to a 
group of female hormones, the most common of which are 
estrone, estradiol and estriol. Serum estrogen concentrations 
increase from the metaphase, consistent with the forma‑
tion of dominant follicles. In the follicular fluid chambers, 
estrogen levels are 1,000‑fold higher compared with those 
in peripheral blood. All these estrogens can bind to nuclear 
and membrane ERs with varying affinities and response 
strengths (158). Estrogen signal transduction is mediated by 
several estrogen isomers, the most important of which are the 
classical ERs, namely ERα and ERβ. Estrogen, as a steroid 
hormone, can cross the plasma membrane and interact with 
ERα and ERβ in the cells, acting directly by binding to 
DNA sequences. ER complexes bind directly or indirectly 
to DNA; thus, estrogen‑mediated signaling events can be 
genomic as well as non‑genomic. Genomic effects involve 
the migration of ER complexes to the nucleus and direct 
interaction with chromatin on specific DNA sequences, 
known as estrogen response elements (158,159). On the other 
hand, non‑genomic effects involve the indirect regulation of 
gene expression through a variety of intracellular signaling 

Table III. Overview of trials using androgen deprivation therapy in ovarian cancer.

Drug	 Condition	 Intervention	 Histology (no. of samples)	 CR	 PR	 SD	 Phase	 (Refs.)

Flutamide	 Relapsed EOC	 750 mg daily for at	 62;	 1	 1	 9	 II	 (151)
		  least 2 months	 Serous, 33;
			   Endometrioid, 1;
			   Mucinous, 4;
			   Clear cell, 1;
			   Undifferentiated,1;
			   Unspecified, 22
Flutamide	 Advanced EOC	 100 mg three	 23;	 0	 1	 2	 II	 (152)
		  times daily	 Serous, 17;
			   Endometrioid, 2;
			   Clear cell, 1;
			   Mixed, 3
Flutamide	 Pre‑operative	 125 mg daily	 12	 ‑	 ‑	 ‑	 II	 (153)
	 treatment EOC	 for 6 weeks	 ‑
Bicalutamide +	 Consolidation EOC	 Bicalutamide,	 35;	 ‑	 ‑	 ‑	 II	 (154)
goserelin		  50 mg daily; goserelin,	 Serous, 30;
		  3.6 mg every 4 weeks	 Endometrioid, 3;
			   Clear cell, 2
Enzalutamide	 Androgen	 160 mg daily	 58	 ‑	 ‑	 ‑	 II	 (155)
	 receptor‑positive EOC		  ‑

EOC, epithelial ovarian cancer; CR, complete response; PR, partial response; SD, stable disease.
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events. The G‑protein coupled receptor (GPR)30, also known 
as G‑protein coupled ER1, has been extensively investigated 
as a membrane ER that activates non‑genomic estrogen 
signaling pathways in a variety of tissues (160).

ERα is closely associated with endocrine sensitivity in 
breast cancer and is a significant mediator of the estrogen 
response in OC (161,162). Multiple studies have investigated 
the expression of ERα in EOC (163‑166); however, the largest 
study was conducted by the Ovarian Tumor Tissue Analysis 
consortium in 2013 (25). That study investigated 2,933 women 
and found that HGSOC, LGSOC and endometrioid OC 
exhibited the highest levels of ER positivity at 81, 88 and 77%, 
respectively; furthermore, these tumor types have exhibited 
responses to endocrine therapy (tamoxifen and aromatase 
inhibitors) in multiple clinical studies. By contrast, ERα expres‑
sion was detected in only 20 and 21% of clear cells in mucinous 
and clear cell carcinomas, respectively. ERβ is known to be 
expressed as five different isoforms, namely ERβ1‑5; however, 
only the full‑length form of ERβ1 is able to bind to agonist 
or antagonist ligands and has a more complex function (167). 
Rutherford et al (168) found higher levels of ERβ expression in 
normal OSE cells, lower levels of ERβ expression in primary 
EOC, and the absence of ERβ expression in metastatic tumors. 
These results indicate that there may be fundamental differ‑
ences in ERβ expression from the normal ovarian tissue to 
primary OC to metastatic tumor (168). 

Estrogen signaling in OC. ER is highly expressed in several 
EOCs and is a potential target for endocrine therapy. Studies 
using in  vitro experiments and in  vivo animal models of 
EOC support the hypothesis that ER expression levels are a 
crucial determinant of the response to treatment with selec‑
tive ER modulators. In addition, epidemiological studies have 
demonstrated that the long‑term use of estrogen‑only therapy 
increases the risk of developing OC in women, supporting the 
hypothesis that estrogen signaling contributes to the etiology 
of the disease.

In vitro cultured EOC cells exhibiting a high ERα expres‑
sion can be stimulated by estrogen, while treatment with 
selective ER modulators (tamoxifen and fulvestrant) can inhibit 
the growth of EOC cell xenografts with a high ERα expression 
in vivo (161,163,169,170). By contrast, estrogen has been shown 
to exert no effect on ERα‑negative cell lines (170). The silencing 
of ERα expression in SKOV3 EOC cells has been shown to 
inhibit estrogen‑stimulated proliferation and reverse the inhib‑
itory effects of 4‑hydroxytamoxifen (an active metabolite of 
tamoxifen) and fulvestrant, indicating that the effects of these 
selective ER modulator were ERα‑mediated (171). In another 
study, the treatment of patient‑derived xenografts  (PDXs) 
from patients with ERα‑positive/ERβ‑negative HGSOC with 
4‑hydroxytamoxifen or fulvestrant also provided support for 
the ERα‑mediated action of these drugs (165). Of the four 
PDXs, two xenografts with higher levels of ERα expression 
exhibited reduced diffusion during drug therapy, while the 
two xenografts with lower levels of ERα expression were not 
affected, meeting the requirements for a higher level of ERα 
response. Fulvestrant decreased the protein expression of 
ERα in the reaction cells, which was consistent with its action 
pattern (165). In addition to regulating proliferation, estrogen 
promotes cell migration and epithelial‑to‑mesenchymal 

transition through ERα, and these changes are mediated by the 
Snail‑ and Slug‑mediated downregulation of E‑cadherin (172). 
The extracellular molecule, fibulin, which binds to fibronectin 
and laminin, is also regulated by estrogen through ERα 
and is considered to play a key role in cell attachment and 
motility (173). 

The previous evaluation of the role of ERβ suggested that 
this receptor isoform functions as a tumor suppressor in EOC 
by reducing tumor growth and deterring metastasis. These 
actions rely on the fact that ERβ inhibits ERα expression 
and decreases estradiol‑induced cell proliferation (174,175). 
In addition, the restoration of ERβ expression in EOC cells 
has been shown to lead to a decrease in proliferation and 
invasion, while apoptosis is enhanced (176). Similarly, the 
overexpression of ERβ1 induced by transfection with an 
overexpression vector in the SKOV3 EOC cell line  (177) 
or the ES‑2 cell line  (178) has been shown to result in 
reduced proliferation and motility, and increased apoptosis. 
The gene ERβ, is localized on chromosome 14q, and this 
region is frequently deleted in OC (176). Consistent with its 
tumor‑suppressive effect, the high expression of ERβ1 in 
the cytoplasm of EOC cells has been found to be strongly 
associated with a longer disease‑free and overall survival of 
patients (179). In contrast to the inhibitory role of ERβ1, both 
ERβ2 and ERβ5 have been associated with pro‑migratory 
and invasive activities. ERβ2 overexpression has been 
shown to increase cell migration and invasion, but not the 
proliferation of EOC cells (179). The mitochondrial activity 
of cytoplasmic ERβ2 signaling in serous carcinomas has 
been found to be associated with BAD binding, leading to 
reduced apoptosis, thereby serving a pro‑survival role (174). 
ERβ5 also plays an important role in tumor progression and 
has been shown to promote cell proliferation, and enhance 
cell migration and invasion. High levels of ERβ5 expression 
have been found in the nuclei of tumor cells from patients 
with clinically advanced EOC (particularly serous and clear 
cell carcinomas), which has also been associated with poor 
patient survival, although some researchers have reported 
that cytoplasmic ERβ5 expression may be associated with 
more favorable patient outcomes  (179). The cell cycle is 
affected by the presence of ERβ by reducing the proportion 
of cells in the S phase, increasing the number of cells in the 
G2/M phase, and inducing apoptosis (167,175). A suppressive 
effect of ERβ on cyclin D1 expression has been reported, and 
its expression appears to be enhanced in response to estrogen 
antagonists (180). Indirect evidence that ERβ is implicated 
in ovarian carcinogenesis is the fact that its expression has 
been found to be significantly associated with survival in 
human and animal models (181,182). A recent study revealed 
that ERβ‑positive nuclear staining was associated with 
a decreased PFS  (183). On the other hand, patients with 
hormone receptor‑negative OC have been shown to have a 
favorable prognosis (184). 

Targeting ER with selective ER modulators and aromatase 
inhibitors in OC. Several clinical trials have been conducted 
using selective ER modulators (mainly tamoxifen) and aroma‑
tase inhibitors (letrozole and anastrozole), which have exhibited 
activity against OC (low response rate, yet apparently SD) and 
these are discussed below (Tables IV and V) (108,185‑213).
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Table IV. Overview of trials using tamoxifen in ovarian cancer.

Drug	 Condition	 Intervention	 Histology (no. of samples)	 CR	 PR	 SD	 Phase	 (Refs.)

Tamoxifen	 Advanced EOC	 40 mg daily	 6	 0	 1	 1	 II	 (185)
			   Serous, 3;
			   Endometrioid, 1;
			   Mucinous, 1;
			   Clear cell, 1
Tamoxifen	 Recurrent EOC	 40 mg daily	 47‑	 1	 2	 22	 ‑	 (186)
Tamoxifen	 Recurrent ovarian	 30 or 40 mg daily	 65;	 2	 2	 50	 ‑	 (187)
	 cancer		  Endometrioid, 10
			   Non‑endometrioid, 55
Tamoxifen	 Advanced EOC	 40 mg daily	 30;	 2	 0	 10	 II	 (188)
			   Serous, 25;
			   Endometrioid, 1;
			   Mucinous, 1;
			   Clear cell, 2;
			   Adenosquamous, 1
Tamoxifen	 Progressive ovarian	 30 mg daily	 33‑	 0	 0	 2	 II	 (108)
	 cancer
Tamoxifen	 Refractory EOC	 80 then 40 mg	 29;	 2	 3	 18	 II	 (189)
		  daily	 Serous, 5;
			   Endometrioid, 2;
			   Mucinous, 1;
			   Clear cell, 1;
			   Papillary, 17;
			   Undifferentiated, 3
Tamoxifen	 Recurrent EOC	 30 mg daily 	 26;	 0	 0	 7	 II	 (190)
			   Serous,10;
			   Endometrioid, 4;
			   Mucinous, 5;
			   Clear cell, 3;
			   Undifferentiated, 4
Tamoxifen	 Recurrent EOC	 20 mg daily	 21	 1	 7	 12	 II	 (191)
			   ‑
Tamoxifen	 Refractory ovarian	 100 then 40 mg	 51	 0	 1	 0	 II	 (192)
	 cancer	 daily	 ‑
Tamoxifen	 Relapsed EOC	 40 mg daily	 22	 0	 0	 1	 II	 (193)
			   ‑
Tamoxifen	 Recurrent EOC	 20‑40 mg daily	 23	 0	 0	 19	 II	 (194)
			   ‑
Tamoxifen	 Advanced ovarian	 40 mg daily	 105;	 10	 8	 40	 II	 (195)
	 cancer		  Serous, 57;
			   Endometrioid, 15;
			   Mucinous, 6;
			   Clear cell, 4;
			   Mixed, 8;
			   Adenosquamous, 1;
			   Unspecified, 12;
			   Undifferentiated, 2
Tamoxifen	 Recurrent EOC	 20 mg daily 	 29;	 1	 2	 6	 II	 (196)
			   Serous, 22;
			   Endometrioid, 3;
			   Mucinous, 1;
			   Mixed, 1;
			   Undifferentiated, 2



LI et al:  HORMONE THERAPY FOR OVARIAN CANCER14

Tamoxifen was the first selective ER modulator to be 
evaluated in clinical trials for OC and is still in use today; it 
is considered to function as a selective ER modulator that 
competes with estrogen for binding to the ERα and, thus, 
functions as an ER antagonist. The majority of studies were 
designed as single‑arm studies to assess whether tamoxifen can 
induce a response in EOC; however, they did not evaluate the 
effects of tamoxifen on symptom control, the quality of life or 
the survival time of patients. It has been reported that the overall 
mean response rate of this treatment is 10‑15%, and the disease 
stability rate is 30‑40% (214‑216). In clinical trials in which 
tamoxifen was applied, the majority of patients had under‑
gone major pre‑treatment procedures, such as chemotherapy, 
and several studies did not differentiate between ER‑positive 
patients. Perez‑Gracia and Carrasco (215) reported an overall 
response rate of 26% and a complete response rate of 9% in 
the analysis of trials using tamoxifen in at least 50% of cases 
not having received multiple prior treatments, compared with 
a clinical study treating patients with severe disease with an 

effectiveness rate of only 4% (215). For 19 years, non‑steroidal 
aromatase inhibitors have been studied for their antitumor 
activity, which appears to be comparable to that of tamoxifen, 
by inhibiting the conversion of androgens to estrogens, thereby 
reducing circulating estrogen levels. Paleari et al (216) reviewed 
53 endocrine therapy trials including a total of 2,490 patients in 
their meta‑analysis. The clinical benefit rate (CBR; percentage of 
total patients exhibiting complete response, partial response or 
SD in all endocrine therapy evaluations) reached 41%; the CBR 
for tamoxifen was 43% (23 trials) and the CBR for aromatase 
inhibitors was 39% (10 trials), demonstrating that the effective‑
ness of the two types of drugs was comparable for patients with 
advanced EOC (216). According to a recently conducted trial 
(PARAGON), the application of anastrozole in a phase II study 
on asymptomatic cases suffering from ER‑ and PR‑positive 
recurrent EOC with CA125 progression was assessed (217). The 
response rate reached 4%, and the CBR reached 35%, which was 
disappointing, given that these cases only had limited disease 
and had previously received single chemotherapy treatment.

Table IV. Continued.

Drug	 Condition	 Intervention	 Histology (no. of samples)	 CR	 PR	 SD	 Phase	 (Refs.)

Tamoxifen	 Advanced ovarian	 20 mg daily	 13	 0	 1	 4	 ‑	 (197)
	 cancer		  ‑
Tamoxifen 	 Relapsed EOC	 20 or 40 mg daily	 43;	 0	 6	 22	 ‑	 (198)
			   Serous, 22;
			   Endometrioid, 13;
			   Clear cell, 6;
			   Undifferentiated, 2
Tamoxifen	 Recurrent EOC	 40 mg daily	 68;	 0	 0	 5	 III	 (199)
			   Serous, 56
			   Endometrioid, 2;
			   Mixed, 7;
			   Unspecified, 3
Tamoxifen	 Advanced EOC	 Tamoxifen, 10 mg twice daily; 	 49;	 0	 0	 0	 II	 (200)
and cytotoxic		  cis‑diamminedichloroplatinum	 Serous, 29;
chemotherapy		  (50 mg/m²) and doxorubicin	 Endometrioid, 10;
		  (50 mg/m² every 4 weeks	 Mucinous, 2;
			   Clear cell, 2;
			   Mixed, 1;
			   Undifferentiated, 5
Tamoxifen	 Recurrent or	 Tamoxifen, 80 mg daily for	 50;	 15	 10	 12	 II	 (201)
and platinum	 progressive EOC	 1 month then 40 mg daily;	 Serous, 37;
(P)‑based		  cisplatin, 100 mg/m2 or	 Endometrioid, 1;
chemotherapy		  carboplatin, 400 mg/m2, every	 Clear cell, 1;
		  21 days	 Undifferentiated, 1;
			   Unspecified, 10
Tamoxifen	 Platinum‑resistant	 Tamoxifen: 80 mg daily for	 14	 0	 0	 0	 II	 (202)
and carboplatin	 EOC	 1 month then 40 mg daily;	 ‑
		  carboplatin: every 21 days
Tamoxifen	 Refractory or	 Tamoxifen: 40 mg daily; 	 56‑	 0	 0	 16	 II	 (203)
and gefitinib	 resistant EOC	 gefitinib: 500‑250 mg daily

EOC, epithelial ovarian cancer; CR, complete response; PR, partial response; SD, stable disease.
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Two recent reports described studies evaluating the use 
of endocrine therapy at their respective centers and provided 
insight into settings outside of HGSOC trials. An analysis of 
97 patients treated at the Royal Marsden Hospital (London, 
UK) investigated the use of tamoxifen and letrozole for 
advanced EOC (91% HGSOC)  (198). More than a quarter 
of the patients had previously received five or more types of 
chemotherapy, and half of these had an unknown ER status, 

whereas the CBR reached 60% (tamoxifen, 65%; and letro‑
zole, 56%). Cases responding to letrozole had a significantly 
longer response time (198). A 25‑year analysis of 269 cases 
with HGSOC in Edinburgh revealed a comparable overall 
response rate for letrozole and tamoxifen (8 and 11%, respec‑
tively) and CBR (41  and 33%, respectively). Cases with a 
high ER expression and a longer treatment‑free interval 
were most likely to benefit from these treatments (218). The 

Table V. Overview of trials using aromatase inhibitors in ovarian cancer.

Drug	 Condition	 Intervention	 Histology (no. of samples)	 CR	 PR	 SD	 Phase	 (Refs.)

Letrozole	 Relapsed EOC	 2.5 mg daily	 60;	 0	 5	 14	 II	 (204)
			   Serous, 43;
			   Endometrioid, 11;
			   Undifferentiated, 6 
Letrozole	 Relapsed or recurrent	 2.5 mg daily	 27;	 1	 3	 5	 II	 (205)
	 EOC		  Serous, 15;
			   Endometrioid, 2;
			   Clear cell, 1;
			   Unspecified, 9
Letrozole	 Estrogen receptor‑positive	 2.5 mg daily	 44;	 0	 7	 11	 II	 (206)
	 ovarian cancer		  Serous, 23;
			   Endometrioid, 4;
			   Mixed, 17
Letrozole	 Recurrent and advanced	 2.5 mg daily	 13	 2	 2	 5	 ‑	 (207)
	 EOC		  ‑
Letrozole	 Recurrent platinum‑ 	 2.5 mg daily	 33;	 0	 1	 7	 II	 (208)
	 and taxane‑resistant		  Serous, 29;
	 ovarian cancer		  Mixed, 3;
			   Adenocarcinoma, 1
Letrozole	 Estrogen receptor‑positive	 2.5 mg daily	 14	 5	 0	 5	 ‑	 (209)
	 ovarian cancer		  ‑
Letrozole	 Relapsed EOC	 2.5 mg daily	 54;	 0	 8	 22	 ‑	 (198)
			   Serous, 25;
			   Endometrioid, 15;
			   Clear cell, 10;
			   Unspecified, 4
Letrozole +	 Relapsed estrogen	 Letrozole: 2.5 mg daily; 	 19;	 0	 0	 9	 II	 (210)
everolimus	 receptor‑positive ovarian	 Everolimus: 10 mg daily	 Serous, 17;
	 cancer		  Carcinosarcoma, 1;
			   Transitional cell
			   carcinoma, 1
Anastrazole	 Recurrent/persistent	 1 mg daily	 53;	 0	 1	 22	 II	 (211)
	 ovarian cancer		  Serous, 38;
			   Endometrioid, 3;
			   Clear cell, 1;
			   Unspecified, 11
Anastrazole + 	 Recurrent EOC	 Anastrazole, 1 mg daily;	 23	 1	 0	 14	 II	 (212)
gefitinib		  Gefitinib, 250 mg daily	 ‑
Exemestane	 Refractory ovarian cancer	 25 mg daily	 22	 0	 0	 8	 II	 (213)
			   ‑

EOC, epithelial ovarian cancer; CR, complete response; PR, partial response; SD, stable disease.
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conclusions of these two analyses are consistent with the 
findings of clinical trials, demonstrating that tamoxifen or 
letrozole constitute reasonable treatment options for patients 
with ER‑positive HGSOC, with a comparable overall response 
rate, CBR and disease stability. Endocrine therapy may be a 
promising alternative therapy for LGSOC, which is less sensi‑
tive to chemotherapy. Gershenson et al (219) identified a 9% 
response rate and 61% disease stabilization rate in a retrospec‑
tive analysis of 64 LGSOC cases who had received a total of 
89 hormonal regimens. The PFS for cases receiving hormonal 
maintenance therapy (primarily letrozole or tamoxifen) was 
65 months, compared with 26 months for cases under obser‑
vation only (P<0.001) (219). That study was followed‑up by 
Fader et al (220), who also retrospectively explored the use of 
adjuvant hormonal therapy following surgery without chemo‑
therapy, with promising results. A stage III trial initiated in 
2019 (NRG‑GY019) is also currently ongoing. Specifically, 
the comparison is between paclitaxel/carboplatin + letrozole 
vs. letrozole independently for stage II‑IV LGSOC (221). To 
date, there is limited information available on the sensitivity 
of endometrioid OC to hormone therapy. In the Royal Marsden 
High Grade Ovarian Cancer Study, a total of 5 patients with 
high‑grade endometrioid OC were treated with endocrine 
therapy and, encouragingly, 3 patients exhibited partial remis‑
sion, while the remaining 2 patients had SD (198). In a study on 
letrozole reported by Bowman et al (204), 4/11 endometrioid 
OC cases had SD compared with 4/43 serous carcinoma cases. 
Moreover, estrogen‑targeting therapies have exhibited consid‑
erable promise in the treatment of GCTs. In a review article 
summarizing aromatase inhibitors as single agents, 25 cases 
with known outcomes were described. The response rate to 
aromatase inhibitors in these patients was 48% (12/25) and 
the clinical benefit rate was 76% (19/25) (222). According to a 
previous analysis, 9 out of 9 patients responded to aromatase 
inhibitors. Although the number of patients in those studies 
was limited, they supported aromatase inhibitors as a potential 
alternative to chemotherapy (223). 

6. Progesterone and progestins

Progesterone (P4) and PR in OC. Progesterone (P4) is a 
steroid hormone mainly generated from the corpus luteum 
in the ovaries during the luteal phase or the second half of 
the menstrual cycle. The adrenal glands and the placenta 
during pregnancy also produce small amounts of proges‑
terone (224,225). Thus, from the beginning of menstruation 
to the end of menopause, there is a monthly cycle of hormone 
exposure, and the regulation of the growth and differentiation 
of the female reproductive tract system and breast tissue (225). 
Pregnancy interrupts this cyclic process, as high progesterone 
levels are continuously required for fetal growth, the main‑
tenance of uterine/placental integrity and breast development 
during lactation (226). Progesterone‑dependent effects and 
related biological actions in different tissues and tumors are 
mediated by two PR subtypes, namely PR‑A and PR‑B. PR‑B 
is the major subtype required for mammary gland develop‑
ment and expansion, while PR‑A is required for normal 
uterine development and reproductive activity (227). PR is a 
polypeptide expressed in the cytoplasm, and once bound to 
progesterone, it translates into the nucleus and regulates the 

expression of a specific set of genes. Limited studies have 
reported information on the relative expression of PR in tissue 
samples from human OC subtypes. Diep et al (228) assessed 
the percentage of PR‑positive tumors among primary histo‑
logical subtypes of OSE‑derived OC in 504 tissue samples. 
According to their results, 35% of ovarian tumors were 
PR‑positive, with the maximal total PR expression found in 
the endometrioid (67%) and serous (35%; LGSOC, 64%) 
subtypes (228). Subsequently, the International Consortium for 
Ovarian Tissue Analysis analyzed the proportion of tumors 
positive for PR staining in ~3,000 invasive epithelial ovarian 
tumors and reported the highest expression in endometrioid 
(67.4%) and LGSOC (57.4%); intermediate expression in 
HGSOC (31.1%); and the lowest expression in the mucinous 
(16.4%) and clear cell subtypes (8.0%) (25). Additionally, that 
study investigated the prognostic implications of PR expres‑
sion in ovarian tumors highly expressing PR (staining of 
50% tumor cell nuclei). PR expression was associated with a 
significantly favorable survival for HGSOC, and significantly 
improved disease‑specific survival independent of patient 
age, tumor grade, site and stage for endometrioid OC (25). 
To the best of our knowledge, only three studies to date have 
reported the differential expression of PR isoforms in ovarian 
tumors (229‑231). These studies reported the dominance of 
PR‑B expression in all subtypes of ovarian tumors; further‑
more, PR‑B is usually expressed in serous subtypes, whereas 
PR‑A is weakly expressed in mucinous and serous OC, and 
its expression is low or absent in tumors compared with that 
of PR‑B in comparison with normal and malignant ovarian 
tissues.

Progesterone signaling actions in OC. The first indication that 
progesterone may be involved in the regulation of OC is derived 
from the observation that the use of progestin‑containing oral 
contraceptives appears to prevent the occurrence of OC (232). 
Moreover, the incidence of OC is increased among women with 
progesterone deficiency, while the high levels of serum proges‑
terone during pregnancy are associated with a lower risk of 
developing OC (233,234). The protective effect of progesterone 
against OC development is lost in post‑menopausal women, 
as the serum levels of progesterone are negligible following 
menopause (235). In addition, women with a history of twin 
pregnancies exhibit a lower risk of developing OC, which may 
be associated with the higher serum levels of progesterone 
in the maternal circulation in twin compared with singleton 
pregnancies (236,237). The molecular mechanisms through 
which progesterone exerts its protective effects against OC 
are not yet well understood. Both proliferative and inhibitory 
effects of progesterone on OC cells have been reported in cell 
line assays, which may be attributed, at least in part, to the 
differential effects of progesterone on the two receptors, PR‑A 
and PR‑B, and their relative expression in target cells. Several 
independent in vitro studies have demonstrated the anti‑prolif‑
erative effects of progesterone at higher concentrations in EOC 
cells, primarily through the induction of apoptosis (238‑240). 
The activation of progesterone signaling can inhibit ovula‑
tion, antagonize the growth‑promoting effects of estrogen, 
and regulate EOC cell proliferation and apoptosis (241). High 
concentrations of estrogen combined with progesterone may 
induce the apoptosis of EOC cells by promoting the expression 
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of let‑7a and microRNA‑34b, and decreasing the expression 
of Bcl‑2 (241). In another study, however, it was demonstrated 
that the combination of tamoxifen and progesterone treatment 
induced apoptosis similar to that induced by treatment with 
progesterone independently, with no additional anticancer 
effect on EOC cells (242).

The precursor form of the steroid hormone preg‑
nenolone reduces ovarian cell proliferation and viability 
by downregulating the expression of PR  (243). Recently, 
Pedernera et al (244) observed that progesterone treatment 
significantly reduced cell survival in endometrioid OC. That 
study demonstrated the protective effects of progesterone 
against OC and indicated that the presence of PRs may 
suppress the progression of endometrioid OC. Of note, as 
demonstrated in a previous study, the progesterone metabo‑
lite, allopregnanolone, increased the proliferation of and 
Ki67 expression in EOC IGROV‑1 cells, whereas the expres‑
sion of cleaved caspase‑3 was unaltered (239). Furthermore, 
progesterone and allopregnanolone increased the migratory 
capacity of IGROV‑1 cells in a concentration‑dependent 
manner (239). Moreover, it has been demonstrated that PR 
membrane component‑1 (PGRMC1) plays an important 
role in promoting EOC cell viability by binding to proges‑
terone, and that the attenuation of PGRMC1 function by 
small interfering RNA increases the sensitivity of EOC 
cells to cisplatin (237,245). The prolonged presence of the 
anti‑progestin, mifepristone, has also been shown to block 
the repopulation of EOC cells that escaped platinum or 
platinum/paclitaxel treatment, providing evidence of the 
long‑term use of anti‑progestins as anti‑repopulation therapy 
for cells that escape other effective chemotherapies (246‑248). 
However, as progesterone/PR signaling is complex, further 
research on the intricate details of its role in tumor progres‑
sion is required before it can be considered as a potential 
clinical target in OC treatment.

Clinical trials of progesterone in recurrent OC. Despite 
the high expression levels of endocrine response receptors, 
hormonal therapy plays merely a secondary role in EOC 
treatment. Epidemiological evidence coupled with the find‑
ings of in vivo and in vitro studies suggests the modulation 
of PR levels or activity as a form of endocrine therapy for 
EOC (Table VI)  (189,249‑262). In a phase  II clinical trial 
conducted in 2000, 34 patients with recurrent EOC who no 
longer responded to cisplatin/paclitaxel chemotherapy were 
administered 200 mg oral mifepristone daily for 28 days. 
Of these patients, 9 responded to mifepristone, exhibiting a 
decrease in tumor size by at least 50% or a 50% decrease in 
the levels of CA125, which is used to assess disease recur‑
rence (261). However, the results from another phase II clinical 
trial including 24 patients with advanced EOC who received 
standard chemotherapy and relapsed within 6 months, demon‑
strated that only 1 patient had an objective response to a 28‑day 
regimen of 200 mg mifepristone administered daily (262). This 
clinical evidence appears to be less convincing in terms of the 
number of patients included, the lack of biomarkers to predict 
the response, and the fact that the studies did not report hormone 
receptor expression levels in OC tissue. Niwa et al (263) inves‑
tigated the effects of the combination of medroxyprogesterone 
acetate (MPA) with primary adjuvant chemotherapy for 

advanced EOC in 2008. Both PFS and overall survival were 
significantly longer in the cases treated with the combination 
of MPA and platinum‑based chemotherapy compared with 
those in the control group. Zheng et al  (264) reviewed the 
value of PR ligands in OC treatment by examining 13 clini‑
cally related trials that included 432 cases with recurrent or 
refractory OC treated with megestrol acetate or MPA. A total 
of 10 cases (2.3%) had a complete response, 21 (4.9%) had a 
partial response and 47 (10.9%) had SD. The authors of that 
study concluded that the effectiveness achieved by proges‑
terone preparations in recurrent EOC was not confirmed by 
existing research. In addition, the anti‑progestin, mifepristone, 
is employed in the treatment of platinum‑resistant EOC. PR 
can be induced by estrogen (and by tamoxifen, if serving as an 
agonist), and several trials have investigated the effectiveness 
achieved by combination hormonal therapy that targets the 
mentioned crosstalk (206,265,266). One noticeable clinically 
related response was observed in a trial of 65 patients with 
refractory EOC who were administered medroxyprogesterone 
and sequential ethinyl estradiol, achieving a response rate of 
14% and SD in 20% of the patients (267). Given the recent 
preclinical data and basic research findings, it is expected that 
drugs targeting different PR subtypes (PR‑A vs. PR‑B), or 
drugs targeting other progesterone‑binding receptors, will be 
developed and used in the near future.

7. Hormone replacement therapy and the risk of ovarian 
cancer

Findings by epidemiology researches on menopausal hormone 
replacement therapy (HRT) and the risk of developing OC are 
inconsistent. HRT exhibits an association with an increased 
risk of developing OC. Nevertheless, some researchers have 
reported that they found no such association, whereas other 
researchers have reported a positive association within the 
single histology subdivided type. As concluded from previous 
a review and meta‑analysis of information (1966 and 2006), 
examining the application of post‑menopausal hormone 
therapy (HT), an upregulated risk of developing OC by 30% 
was observed in contrast to no HT; it was thus indicated that 
the risk of developing OC with estrogen therapy (ET) was inde‑
pendently higher than that related to estrogen plus progestin 
therapy (EPT) (268). Nevertheless, the Million Women Study 
examined 2,273 incident cases of OC and with 948,576 
females, reported an increased risk of developing OC with 
hormone replacement therapy, whereas an insignificant differ‑
ential influence exerted by ET vs. EPT was achieved (269); 
similarly, another nationwide study found no evidence of risk 
associated with vaginal ET or transdermal vs. oral EPT (270). 
Furthermore, in other studies, cyclic treating process were 
reported to increase the risk of OC, and no statistics‑related 
significant differences were found from the cyclic combined 
regimen (28,271). A national prospective cohort study covering 
overall Danish females aged 50‑79 years from 1995‑2005 
suggested an increased risk of developing OC with EPT and 
estrogen therapy, exhibiting an insignificant effect exerted 
by various doses, the length of use, routes of administration, 
progestin types and regimens (22). Based on the investigation of 
the identical cohort of cases recruited, as was reported, the risk 
of developing OC was altered in accordance with the histology 
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Table VI. Overview of trials using progestins (MA and MPA) and anti‑progestins in persistent or recurrent EOC.

Drug	 Condition	 Intervention	 Histology (no. of samples)	 CR	 PR	 SD	 Phase	 (Refs.)

Medroxyprogesterone	 Advanced EOC	 800 mg daily 	 30;	 0	 0	 2	 II	 (249)
			   Serous, 16;
			   Endometrioid, 7;
			   Mucinous, 1;
			   Clear cell, 4;
			   Undifferentiated, 2
Medroxyprogesterone	 Advanced EOC	 500 mg daily for	 33;	 0	 5	 2	 II	 (249)
		  4 weeks, then 500 mg	 Serous, 20;
		  twice weekly for	 Endometrioid, 8;
		  4 weeks, then 500 mg	 Mucinous, 2;
		  once weekly	 Undifferentiated, 3
Medroxyprogesterone	 Advanced EOC	 1,000 mg weekly	 19	 0	 0	 1	 II	 (250)
		  by intramuscular	 ‑
		  injection
Medroxyprogesterone	 Advanced	 ‑	 27	 0	 1	 0	 II	 (251)
	 chemotherapy‑		  ‑
	 resistant EOC
Medroxyprogesterone	 Advanced ovarian	 500 mg daily	 25	 0	 1	 9	 II	 (252)
	 cancer		  ‑
Medroxyprogesterone	 Advanced EOC	 500 mg daily, then	 41;	 0	 1	 7	 II	 (253)
		  1,000 mg weekly	 Serous, 18;
			   Endometrioid, 2;
			   Mucinous, 3;
			   Brenner, 3;
			   Adenocarcinoma,12
			   Undifferentiated, 3
Medroxyprogesterone	 Advanced or	 150 mg daily	 24;	 0	 1	 9	 II	 (254)
	 recurrent EOC		  Serous, 17;
			   Endometrioid, 4;
			   Mucinous, 2;
			   Undifferentiated, 1
Megestrol acetate	 Ovarian	 800 mg daily for	 23;	 7	 4	 0	 I‑II	 (255)
	 adenocarcinoma	 4 weeks, then 400 mg	 Adenocarcinoma, 23
		  daily
Megestrol acetate	 Resistant EOC	 800 mg daily for	 45;	 1	 3	 5	 II	 (256)
		  4 weeks, then 400 mg	 Serous, 37;
		  daily	 Endometrioid, 6;
			   Clear cell, 2
Megestrol acetate	 Progressive or	 160 mg daily	 33;	 0	 0	 12	 II	 (257)
	 recurrent EOC		  Serous, 28;
			   Endometrioid, 2;
			   Clear cell, 1;
			   Brenner, 1;
			   Undifferentiated, 1
Megestrol acetate	 Resistant ovarian	 800 mg daily for	 32;	 0	 0	 13	 II	 (189)
	 cancer	 30 days, then 400 mg	 Serous, 3;
		  daily	 Endometrioid, 4;
			   Mucinous, 1;
			   Clear cell, 2;
			   Papillary, 18;
			   Undifferentiated, 4
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of the tumor: In contrast to never users, females undergoing 
unopposed oral estrogen therapy exhibited an increased risk 
of developing ovarian serous and endometrial‑like tumors, 
whereas they exhibited a decreased risk of developing muci‑
nous tumors (272). According to a previous study analyzing 
the risk of developing OC in post‑menopausal females treated 
with estradiol‑progestin, the elevated risk of developing OC 
associated with EPT use over a period of 5 years was only 
observed in serous and mixed cancers, while the risk of 
mucinous cancers was reduced (270). A recently conducted 
meta‑analysis reported by Liu et al (273) concluded that EPT 
during menopause may increase the risk of developing OC, 
particularly in terms of endometrioid and serous tumors. In 
a collaborative re‑analysis of 52 epidemiological studies in 
the OC Epidemiology Research Collaborative (274), the rela‑
tive risk (RR) of HRT for a duration of ≥5 years was more 
notable than that observed with past users who had terminated 
the therapy <5 years earlier. It was thus concluded that this 
increased risk was likely to be primarily or entirely involving 
a cause; if causal, female users who had been on hormone 
therapy for 5 years from the age of ~50 years would have one 

additional OC for every 1,000 users and, if their prognosis was 
characteristic, one additional OC‑related death for every 1,700 
users.

The effects of post‑operative HRT on non‑progression 
and total survival within cases of EOC is also controversial. 
The present review article can support the assumption that, 
i.e., HRT following surgery cannot adversely affect the 
non‑progression and total survival of EOC cases. A retrospec‑
tive study that included 77 cases supported the assumption that 
HRT following surgery failed to not significantly influence 
non‑progression and total survival in cases suffering from 
EOC. Likewise, various HRTs (an estrogen‑tibolone integra‑
tion, tibolone independently, or estrogen independently) failed 
to notably affect the prognosis of patients with EOC (275). This 
finding was validated in another meta‑analysis that covered 
419 EOC survivors using HRT and 1,029 non‑users (276). In 
a recent meta‑analysis that included 350 cases suffering from 
EOC, the authors concluded that HRT may slightly improve 
the total survival of cases who had undergone surgical treat‑
ment, and there may be a minimal or no effect of HRT use on 
non‑progression survival (24).

Table VI. Continued.

Drug	 Condition	 Intervention	 Histology (no. of samples)	 CR	 PR	 SD	 Phase	 (Refs.)

Megestrol acetate	 Advanced ovarian	 800 mg daily for	 67;	 0	 1	 9	 II	 (258)
	 cancer	 30 days, then 400 mg	 Serous, 33;
		  daily	 Endometrioid, 3;
			   Mucinous, 2;
			   Clear cell, 2;
			   Adenocarcinoma, 23;
			   Undifferentiated, 4
Megestrol acetate	 Resistant EOC	 200 mg four times	 30;	 0	 0	 0	 II	 (259)
		  daily	 Serous, 9;
			   Endometrioid, 4;
			   Mucinous, 2;
			   Adenocarcinoma, 11;
			   Papillary, 4
Megestrol acetate	 Refractory EOC	 800 mg daily for	 36;	 3	 4	 NA	 II	 (260)
		  4 weeks, then 400 mg	 Serous, 7;
		  daily	 Endometrioid, 9;
			   Mucinous, 8;
			   Clear cell, 10;
			   Adenocarcinoma, 2
Mifepristone	 Refractory EOC	 200 mg daily	 34;	 3	 6	 NA	 II	 (261)
			   Serous, 25;
			   Endometrioid, 2;
			   Clear cell, 1;
			   Undifferentiated, 6
Mifepristone	 Recurrent or EOC	 200 mg daily	 22;	 0	 1	 3	 II	 (262)
	 Persistent		  Serous, 19;
			   Endometrioid, 1;
			   Adenocarcinoma, 2

EOC, epithelial ovarian cancer; CR, complete response; PR, partial response; SD, stable disease. 
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8. Conclusions and future perspectives

In summary, OC is a malignancy depending on hormones in 
which steroid hormones and the relevant receptor critically 
affect its advancement. Although hormone therapy is effective 
in cases with advanced or recurrent OC, and has a low profile 
of toxicity, studies evaluating the therapeutic value of hormone 
therapy in OC have not been conclusive due to small sample 
sizes, different pathological types of OC, different hormone 
receptor‑expressing states within OC cells, and the lack of 
molecular markers. In addition, the lack of corresponding 
NCT numbers for a number of clinical trials also does not 
facilitate the readers' understanding of the trials and may 
affect the authenticity of the trial results. Therefore, multi‑
center, prospective, randomized trial studies are required to 
confirm its efficacy. In addition, further studies are warranted 
to determine whether the combination of hormones and 
chemotherapeutic drugs can improve the effectiveness of 
chemotherapy, and whether this can be used as therapy for 
OC, as well as to identify the molecular markers of hormone 
therapy. In cases suffering from ER‑positive breast carcinoma, 
hormone therapy has been used as part of systemic cancer 
treatment, and in endometrial cancer, hormone therapy func‑
tions as a second‑line treatment option in terms of cancer 
metastasis. The ovary as an endocrine organ and the applica‑
tion of hormone therapy in OC patients, is worthy of further 
study. In future clinical treatment, hormone receptor expres‑
sion should be routinely tested, and the expression should 
be standardized and classified into treatment considerations. 
In addition, different treatment options should be adopted 
according to the various pathological types of OC.
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