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Abstract

Objective: Evidence shows that the host’s immune system interacts with tumor development and may be responsible for delaying tumor
growth or even for its progression. Chronic inflammation has been identified as a key factor in the pathogenesis of ovarian cancer. The
objective of this study is to carry out a comprehensive review of immunological aspects of ovarian cancer. Mechanism: A search of
the following keywords was conducted in the PubMed database: “ovarian cancer”, “prognostic factors”, “immunotherapy”, “immune
system”. The articles identified were published between 1992 and 2021. Findings in brief: A total of 75 articles were selected for
further examination. Conclusions: The understanding of tumor immune escape mechanisms will improve immunotherapy treatments.

This will allow personalization or treatment not only in accordance with the biology of the tumor, but also with the characteristics of the

tumor microenvironment, expanding the benefit of immunotherapy and providing more effective responses.
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1. Introduction

Ovarian cancer is the seventh most common cancer in
women and the third most common cancer worldwide, after
breast and cervical cancer. It is the fifth most frequent cause
of death among gynecological malignancies [1]. Accord-
ing to GLOBOCAN [2], an estimated 313,959 new cases
will be diagnosed worldwide and approximately 207,252
women will die as a result of the disease. The American
Cancer Society estimates that about 21,410 women in the
United States will be newly diagnosed with ovarian cancer
in 2021, and that about 13,770 of these women will die of
the disease [3].

Ovarian cancer encompasses a collection of neo-
plasms with distinct clinicopathological and molecular
characteristics. Its etiology appears to be multifactorial, in-
cluding reproductive, familial, and individual factors [4].
About 90% of ovarian cancers are sporadic, with no rec-
ognized risk factor. About 10% have a genetic or famil-
ial component. Because its development is asymptomatic,
ovarian cancer is often diagnosed late, in the presence of ex-
tensive peritoneal dissemination and distant metastasis [5].
About 70% of cases are diagnosed in the advanced stage
of the disease [6], making ovarian cancer highly lethal and
rapidly progressive.

The standard treatment for ovarian cancer is cytore-
ductive surgery followed by combined platinum/taxane
chemotherapy. For patients diagnosed with stage IA dis-
ease, the chance of a cure can reach 90%; for those diag-
nosed with stage II disease, the cure potential reaches 70%.
The cure rate for ovarian cancer diagnosed in stages I and

IV reaches only 30%. Relapse occurs within 2 years in most
cases, and some patients become resistant to chemotherapy,
resulting in a 5-year survival rate of only 45% at best [7,8].
For tumors limited to the pelvis, the 5-year survival rate
can reach 60% [9]. Although ovarian cancer has a variety
of subtypes, it is treated as a single disease, which partially
explains the lack of successful treatment.

Several studies have been conducted in the attempt to
improve the classification of ovarian tumors, opening the
horizon for new knowledge about the origins of the dif-
ferent histological types of ovarian cancer and new paths
for basic research and clinical studies. Despite many
years of research, however, reliable diagnostic markers
and other methods enabling early detection and perform-
ing adequately for screening and disease management re-
main lacking. Thus, current studies are aiming to identify
new biomarkers with potential for ovarian cancer diagno-
sis, prognosis, and prediction, as well as new therapeutic
targets. This comprehensive review examines immunolog-
ical aspects of ovarian malignancy, summarizing the main
findings from the literature.

2. Methods

The PubMed database was searched using the
keywords “ovarian cancer”, “prognostic factors”, “im-
munotherapy”, and “immune system”. The criteria for the
inclusion of an article in this review were publication in or
translation to English or Portuguese; original research, sys-
tematic review, or review; and publication in a journal be-
tween January 1992 and May 2021.
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3. Results

In this literature review, we discuss prognostic factors
for ovarian cancer, the role of the immune system in ovarian
cancer, cells of the immune system, the role of the stroma
in the immunology and prognosis of ovarian cancer, and
immunotherapies for this disease. In total, 75 articles were
selected for further examination.

3.1 Prognostic factors

Ovarian cancer is highly lethal; its overall prognosis
has remained poor over the past few decades [10]. Two-
thirds of affected patients have advanced disease, and the
majority of them will experience disease relapse requiring
continuous treatment; many of these patients will die of the
disease [11].

Prognostic factors defined by correlation with survival
generally reflect the extent of the disease (staging), the in-
trinsic biology of the tumor (type and histological grade),
and the patient’s ability to tolerate treatment of the dis-
ease. In addition to these pre-treatment factors, others that
may affect survival include the type of treatment received
(e.g., optimal debulking, chemotherapy based on platinum
derivatives) and the effects of the therapy on the tumor (e.g.,
complete response, other) and the patient (e.g., myelosup-
pression) [12]. Among these prognostic factors, the Inter-
national Federation of Gynecology and Obstetrics staging
is considered to be the most important [4], followed by the
presence of residual disease after surgery and the initial his-
tological type and tumor grade. Several groups have evalu-
ated the clinical relevance of different biological variables
in tissue and serum samples from patients with ovarian can-
cer in the effort to identify biomarkers capable of predicting
the response to chemotherapy or patient survival. Studies
of the roles of individual molecular markers have demon-
strated that ovarian carcinogenesis is a complex, multifac-
torial process associated with abnormalities in several fam-
ilies of genes, which could have predictive or prognostic
relevance [13]. Primary cytoreductive surgery followed by
adjuvant chemotherapy remains the standard treatment for
patients with ovarian cancer. However, the survival rate
varies considerably among patients with the same patho-
logical stage of disease receiving the same treatment, which
may be attributable to host-related factors, including varia-
tions in the inflammatory response [14].

The identification of new biomarkers for the diagnosis
and prognosis of ovarian cancer, which ideally also serve as
targets for new therapeutic modalities, is urgently needed
[15]. Transvaginal ultrasound and cancer antigen 125 (can-
cer antigen 125 (CA-125)) detection are used commonly to
detect ovarian cancer [16]. Over time, the use of a combi-
nation of biomarkers (carcinoembryonic antigen, carbohy-
drate antigen 19-9, and Human Epididymis protein 4) to-
gether with CA-125 has emerged, but no biomarker in clin-
ical use for the early detection of ovarian cancer is fully
effective due to a lack of sensitivity or specificity [17]. In

the future, the identification of new biomarkers will also aid
the identification of specific markers for molecular targeted
therapy [18].

In recent years, laboratory-quantified systemic in-
flammatory response markers, such as hypoalbuminemia,
hyperfibrinogenemia, the C-reactive protein level, the ab-
solute leukocyte count, the neutrophil/lymphocyte ratio
(NLR), and the platelet/lymphocyte ratio (PLR), have been
introduced as prognostic factors for various types of can-
cer, including ovarian cancer [14,19]. The NLR and PLR
have recently been shown to be significant predictors of ma-
lignancy for solid tumors originating from various tissues;
they are also useful in screening for these tumors, as they
can be determined using inexpensive and readily available
tests [20]. However, the authors reporting on this research
indicated the need for further assessment of the additional
value of these findings, the establishment of scores, and
the determination of the potential predictive value of these
markers for gynecological cancers [20]. Sanguinete et al.
[21] demonstrated that increased levels of interleukin (IL)-
6 and IL-8, observed in the more advances stages of ovarian
cancer, were associated with better prognoses. Various the-
ories have been proposed to explain the function of the im-
mune system in relation to tumor cells and their respective
signaling molecules. IL levels are found in patients with
ovarian cancer related to prognostic factors [21-23].

3.2 The role of the immune system in ovarian cancer

The pathophysiology of ovarian cancer is complex and
remains poorly understood. Its diagnosis is affected greatly
by the absence of specific signs and symptoms, the lack
of reliable biomarkers, and the anatomical location of the
ovaries. Thus, ovarian cancer is often diagnosed in the
advanced stage of the disease, rendering its prognosis un-
certain [24] and of limited value. Thus, researchers have
sought to identify means by which to improve the prognosis
of the disease and better guide its therapeutic management
[25].

The host immune system interacts with tumor devel-
opment, and in some cases may be responsible for the delay
of tumor growth or progression. Chronic inflammation has
been identified as a key factor in the pathogenesis of ovar-
ian cancer [26]. Ovulation is a potentially inflammatory
and mutagenic process [27]. Most tumors have complex
relationships with their hosts, with the presence of inflam-
matory cells and mediators in the tumor microenvironment
resulting in the production of chemokines, cytokines, and
prostaglandins, which recruit inflammatory cells (e.g., neu-
trophils, mast cells, and macrophages) and stimulate angio-
genesis and cell proliferation [28,29]. In addition, tumors
can evade immunovigilance, resulting in a certain degree of
tolerance by the immune system, and their ability to inter-
fere with immune cell function seems to be the main reason
for the failure to control tumor progression [30].

Inflammation influences all stages of cancer develop-
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ment, including tumor initiation, promotion, and progres-
sion [26]. Several inflammatory mediators are induced by
inflammatory and/or tumor cells and participate in the de-
velopment of cancer, acting as growth or angiogenic fac-
tors. In addition, immune function is compromised by these
mediators, causing increases in the levels of leukocytes,
neutrophils, platelets, C-reactive protein, and fibrinogen,
and reducing the concentrations of lymphocytes and albu-
min. Cancer-induced thrombocytosis can significantly in-
crease the number of circulating platelets, by mechanisms
that remain poorly understood [31]. A multicenter study
conducted by Stone et al. [32] showed that thrombocytosis
is associated significantly with poor prognosis and directly
influences patient survival. In addition, that study revealed
that the inflammatory cytokine IL-6 influences thrombocy-
tosis in patients with ovarian cancer by stimulating hepatic
thrombopoietin synthesis [32].

Adaptive and innate immune responses, including cy-
totoxic and antibody secretion processes, are dysfunctional
in patients with cancer, which can increase susceptibility
to cancer cell growth and invasion and thus to tumor de-
velopment [33,34]. An escape mechanism that favors the
maintenance of ovarian cancer is the triggering of an im-
balance in T helper 1 (Th1) and T helper 2 (Th2) responses,
with an increase in the latter that results in impairment of the
processes that control homeostasis in the tumor microenvi-
ronment [35]. The Thl-type immune response stimulates
cellular immunity by activating macrophages and dendritic
cells and recruiting cluster of differentiation 8+ (CD8+) cy-
totoxic T (Tc) cells and natural killer (NK) cells. The Th2-
type immune response inhibits cell-mediated immunity and
favors the humoral immune response. The generation of a
Thl- or Th2-type immune response depends on the cytokine
balance [36]. Increasing evidence indicates that T cell acti-
vation and the resulting cytokine expression play key roles
in the diminution and disruption of inflammatory and anti-
tumor immune responses [37].

The environment in which ovarian carcinoma devel-
ops has been described as large and rich in proinflamma-
tory cytokines and chemokines. This tumor produces IL-
13, IL-6, and IL-12, which in addition to the stimulation
of cancer cell growth are responsible for the creation of
a microenvironment promoting cell proliferation and tu-
mor growth, thereby directly affecting the severity of in-
flammation [38]. The unbalanced production of Thl and
Th2 cytokines can favor changes in the secretion of pro-
inflammatory cytokines and consequently aggravate tumor
progression [39]. Sanguinete ef al. [21] demonstrated that
increased IL-6 and IL-8 levels were associated with a worse
prognosis of ovarian cancer.

3.3 Cells of the immune system

Several elements of the immune response to ovarian
cancers have prognostic significance. The presence of dif-
ferent leukocyte populations infiltrating or associated with
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the tumor has been correlated with better and worse prog-
noses of the disease, indicating the protective and, at the
same time, promoter of the immune system against cancer
[40-43].

Studies performed with various tumor tissues have
demonstrated strong infiltration of leukocytes into the in-
tratumoral and peritumoral regions. The presence of these
cells is related to responses to tumors, due to pre-cancer
inflammatory processes or by substances produced by the
tumor cells [44]. Their detection in ovarian tumors en-
ables better prediction of clinical outcomes than achieved
with the use of other histopathological parameters, indicat-
ing that the immunological profile can be useful in conduct-
ing alternative forms of treatment, such as immunotherapy
[24,45].

3.3.1 T lymphocytes

Tumor-infiltrating lymphocytes (TILs) are T cells, B
cells, macrophages, and NK cells that have left the vascu-
lature and moved to the tumor stroma or intraepithelium
[46]. cluster of differentiation 3+ T lymphocytes (TCD3)
+ lymphocytes represent the largest leukocyte population
detected in ovarian tumors. They are found in tumors (as
TILs) and in the ascitic fluid (as tumor-associated lympho-
cytes). Relative to their absence, the presence of TILs is
related to a higher survival rate in patients with stages 11
and IV ovarian cancer. Optimal cytoreduction also has been
observed in most patients with such cells [47].

Levels of CD3+CD8+ T cells are significantly higher
in carcinomas than in benign ovarian epithelial neoplasms,
suggesting that the presence of these lymphocytes is related
to a better prognosis in terms of the clinical response of
ovarian cancer [48]. Regulatory T (Treg) cells can block
the protective effects of tumor-specific T lymphocytes, sup-
pressing their production of interferon-y and IL-2, in pa-
tients with ovarian cancer. A high rate of Treg cells has
been identified as a predictor of the risk of death and re-
duced survival in patients with ovarian cancer of all stages
[49].

3.3.2 NK T lymphocytes

Natural killer T (NK T) lymphocytes have receptors
for NK cells and T lymphocytes. In ovarian cancer, as in
melanoma and breast, pancreatic, lung, and colorectal can-
cers, NK T cells have been associated with the inhibition of
tumor growth through tumor cell lysis [50]. In patients with
ovarian cancer, the levels of NK T cells in the tumor and as-
cites are significantly higher than that in peripheral blood.
The presence of NK T cells in ascites is associated with re-
sistance to chemotherapy with platinum derivatives. Thus,
a large number of NK T cells in ascites can be a predictor
of platinum sensitivity [25].


https://www.imrpress.com

3.4 NK lymphocytes

In patients diagnosed with advanced-stage ovarian
cancer, the NK cell level in the peripheral blood is signifi-
cantly higher than those in the tumor and ascites [51]. In-
creased numbers of NK cells in ascites have been related
to worse clinical outcomes of ovarian cancer and decreased
survival [52]. CA-125 can reduce the cytolytic capacity of
NK cells by up to 70%. It binds to NK cells, especially to
CD16+CD56+ NK cells, which comprise about 90% of the
NK cells present in the peripheral blood [53].

3.5 Macrophages

Tumor-associated macrophages (TAMs) affect vari-
ous aspects of neoplastic tissues, such as their vasculariza-
tion, growth rate, formation, and stroma dissolution [54].
Macrophages constitute about 51% of the population of
mononuclear cells infiltrated into ovarian carcinomas; they
have been observed in all malignant tumors and 57% of be-
nign tumors, with their average number being significantly
higher in the former than in the latter [48].

3.6 Role of the stroma in ovarian cancer immunology and
Drognosis

The survival of tumor cells that metastasize from pri-
mary tumors to secondary sites depends on the stromal mi-
croenvironment. This metastatic growth occurs primar-
ily with the formation of a pre-metastatic niche before the
macroscopic invasion of tumor cells. Exosomes, which
are small extracellular vesicles that prepare a distant tu-
mor microenvironment for metastatic invasion, are released
from a primary ovarian tumor and regulate communication
among tumor cells in the normal stroma, cancer-associated
fibroblasts (CAFs), and local immune cells in the tumor
microenvironment to support the viability of tumor cells
and metastatic dissemination. Functionally, they reprogram
stromal cells in the pre-metastatic niche, including CAFs
and pericytes. Exosomes also interact with TAMs in the
metastatic microenvironment, which are responsible for tu-
mor growth, invasion, angiogenesis, and general metastasis
[55].

TAMs are capable of producing matrix metallopro-
teinases that can be pro- and anti-angiogenic molecules
[56]. TAMs of the M1 and M2 types are responsible for
the suppression and promotion of cancer progression, re-
spectively [57].

In the tumor microenvironment, the interaction be-
tween endothelial cells and pericytes causes angiogenic
support of the tumor [58].

CAFs are groups of cells with a reactive common fi-
broblast phenotype that are induced by cancer cells. This
dynamics between CAFs and tumor cells stimulate cancer
cells to produce factors that support and activate CAFs, re-
sulting in the promotion of angiogenic events, cellular pro-
liferation, remodeling of the extracellular matrix, and tumor
progression [59]. The resulting changes in stromal com-

ponents further exacerbate the tumorigenic microenviron-
ment and facilitate oncogenic transformation, tissue inva-
sion, and metastasis during cancer onset and progression
[60].

3.7 Immunotherapies

Cancer immunotherapy involves the use of different
approaches to improve the ability of an individual’s immune
system to eliminate tumor cells [61]. Current immunother-
apy types can be classified as active and passive. Active
immunotherapy consists of the stimulation of the immune
response against tumor antigens. It can be nonspecific, in-
volving the administration of substances that stimulate and
restore the immune system, or specific, i.e., related to tumor
vaccines. Active specific immunotherapy can be autolo-
gous, performed with vaccines and serums produced from
the patient’s cell culture, or heterologous, in which these
substances are produced from the cells of another patient
with a similar neoplasm. Passive immunotherapy consists
of the administration of anti-tumor antibodies or effector
cells against a certain type of tumor [62].

Trials designed to improve our understanding of the
role of active immunotherapy in the treatment of ovarian
cancer have been based on the premise that activation of
the immune system, which would trigger a more robust im-
mune response with the ability to attack tumor cells and in-
duce apoptosis, would lead to increased tumor clearance.
Five main active approaches to immune system sensitiza-
tion to anti-tumor vaccines are currently used. The first ap-
proach is the administration of mesothelin, a protein over-
expressed in many ovarian cancers; although clinical stud-
ies have shown that patients tolerate this treatment well,
no conclusion regarding its effectiveness in the treatment
of ovarian cancer has been drawn [63]. The second ap-
proach is the administration of a vaccine targeting the New
York esophageal squamous cell carcinoma 1 (NY-ESO-1)
protein. Differential expression of this antigen has been
demonstrated in many ovarian tumors compared with that
in normal tissues, and has the function of inducing CD4
and CDS8. As aresult, patients have improved survival after
NY-ESO-1 vaccination [64]. The third approach is the ad-
ministration of a vaccine containing the tumor suppressor
gene p53. Ovarian cancer often expresses a mutant form
of p53 early in its development, making it a potential target
for immunotherapy. Although evidence supports the safety
of this vaccine, its effectiveness has not been determined
[65]. The fourth approach is the administration of a vac-
cine that targets the (Wilms’ tumor 1) WT1 and Human Epi-
dermal growth factor Receptor 2 (HER2) antigens. These
antigens are particularly attractive as targets due to the fre-
quency with which they are found in ovarian cancer and to
the association of HER2 expression with the most aggres-
sive phenotype of the tumor. Vaccines with both antigens
have shown promise, but data on their effectiveness from
a large prospective randomized controlled trial are lacking
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[66]. The fifth approach is the administration of vaccines
based on dendritic cells. Preclinical studies have shown that
dendritic cells exposed to ovarian tumor lysates activate T
cells [67], suggesting that therapy with dendritic cells im-
proves tumor-related immune responses. Data on the effec-
tiveness of this treatment from large robust clinical trials are
not yet available [68].

Immunological checkpoints constitute a multitude of
inhibitory pathways connected to the immune system.
Their function is to maintain self-tolerance and the reg-
ulation of the timing and amplitude of physiological im-
mune responses in peripheral tissues, to decrease collateral
damage to tissue after a response to pathogens. The action
of checkpoints in the immune system begins with ligand—
receptor interaction, which can be blocked easily with anti-
bodies or modulated with recombinant forms of ligands or
receptors [69]. Checkpoint blocking is of great interest in
cancer research and is a very promising approach to the im-
provement of anti-tumor immunity in patients with ovarian
cancer. Molecules such as programmed cell death protein
1 (PD-1), cytotoxic antigen associated with the T4 lympho-
cyte (CTLA-4), lymphocyte activation gene-3, T-cell im-
munoglobulin, and mucin-3 protein have been targeted in
studies of immunological checkpoints [70]. In the context
of clinical immunotherapy for cancer, the two most-studied
checkpoint-blocking receptors are CTLA-4 (CD152) and
PD-1 (CD279); monoclonal antibodies targeting CTLA-4
(binding to CD80/86) and PD-1 or its ligand (PD-L1) have
been investigated in several clinical trials [69].

The US Food and Drug Administration has approved
six checkpoint inhibitors: ipilimumab (a CTLA-4 anti-
body); pembrolizumab and nivolumab (PD-1 antibodies);
and avelumab, atezolizumab, and durvalumab (PD-L1 an-
tibodies) [71]. Although anti—-CTLA-4 and anti—PD-1/PD-
L1 antibodies increase the anti-tumor immune response by
increasing the number of T cells that infiltrate the tumor and
restoring the effector function of Tc cells, their mechanisms
of action differ [69].

CTLA-4 (CD152) is present specifically on T cells
and shares a set of ligands with the CD28 costimulatory
receptor. CD28 and CTLA-4 share two equal ligands:
B7.1 (CD80) and B7.2 (CD86). Although disputes oc-
cur between these receptors regarding binding to B7.1 and
B7.2, CTLA-4 has much greater affinity for both ligands,
thus providing for competitive inhibition [69]. Antibod-
ies against CTLA-4 block its ligand binding, thereby in-
creasing CD28-mediated costimulation. CTLA-4 blockade
enhances the proliferation and activation of tumor-specific
CDS8+ T cells [72] and promotes an increase in immune
responses that are dependent on Th cells, increasing their
suppressive function. The specific CTLA-4 blockade of
Treg cells significantly inhibits the ability to regulate au-
toimmune and anti-tumor immunity [69].

PD-1 is expressed on T cells and inhibits T-cell activ-
ity in the effector phase [73]. After activation by its lig-
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ands PD-L1 (B7-H1 and CD274) and PD-L2 (B7-CD and
CD273), PD-1 recruits the inhibitory phosphatase SHP-2,
which rapidly dephosphorylates CD28 and inactivates its
costimulatory signaling [74]. Of the two PD-1 ligands, PD-
L1 is considered to be the most relevant in the tumor mi-
croenvironment due to its expression in tumor, stromal, and
immunological cells [75]. Antibodies against PD-1 and PD-
L1 restore the function of tumor-infiltrating T cells, favor-
ing tumor regression [76].

Antibodies targeting PD-1, PD-L1, and CTLA-4 have
been tested in patients with recurrent ovarian cancer. In
general, response rates range from 5.9% to 15% [77].
Anti-CTLA-4 activity yielded greater toxicity and lower
response rates than did assays with monoclonal anti—PD-
1/PD-L1 antibodies [78].

The main barrier to the success of immunotherapy for
patients with ovarian cancer remains the immunosuppres-
sive tumor microenvironment. Checkpoint blockade alone
may not be sufficient. Although immunotherapy may gen-
erate a large number of tumor-specific T cells, these cells
do not always destroy tumor targets easily in vivo, meaning
that additional treatment pathways should be studied to im-
prove the effectiveness of the antitumor immune response
[79].

The combined use of immunological checkpoint
blockers with other immunological inhibitors, such as
poly(ADP-ribose) polymerase (PARP) and vascular en-
dothelial growth factor (VEGF) inhibitors, has resulted in
progress in immunotherapy for ovarian cancer. PARP in-
hibitors are used in the treatment of advanced epithelial
ovarian cancers with BRCA -2 gene mutation. They block
base excision repair in cancer cells lacking homologous re-
combination due to BRCA mutation, resulting in the acti-
vation of the synthetic lethality mechanism, with the loss
of DNA repair and cell death [80]. The combined use of
PARPiI olaparib and anti-PD-L1 durvalumab showed mod-
est clinical activity in recurrent ovarian cancer [81]. Vas-
cular endothelial growth factor (VEGF) is known mainly
as a mediator of angiogenesis and immune suppression in
the tumor microenvironment. Inhibitors targeting VEGF or
its receptors reduce the numbers of Treg cells and myeloid-
derived suppressor cells and increase the infiltration of ef-
fector T cells [82].

Checkpoint blockers have been combined with
chemotherapy to enhance the anti-tumor immune response,
induce direct cytotoxic effects on tumor cells and im-
munogenic cell death, increase antigen presentation, and
alter the inflammatory tumor medium [83]. Five phase
IIT randomized controlled trials examining the addition of
PD-L1 blockade to chemotherapy are currently underway;
avelumab is being used in two trials and atezolizumab is be-
ing used in three trials. The use of durvalumab and a PD-1
inhibitor in combination with chemotherapy is being tested
in several phase I/II clinical trials. Based on published re-
sults, combined treatment with PD-1/PD-L1 inhibitors and
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chemotherapy is potentially superior to chemotherapy alone
[84].

Adoptive cell therapy (ACT) against ovarian tumors
is also being studied. Adoptive immunotherapy is emerg-
ing as an active treatment for cancers that are less respon-
sive or resistant to treatment with checkpoint blockers. This
approach is based on the infusion of autologous or allo-
geneic immune effectors that destroy tumor cells. One of
the most promising approaches for the treatment of solid
tumors involves tumor-specific Tc cells isolated from the
tumor or peripheral blood, which are expanded ex vivo and
then infused after lympho-depleting chemotherapy. Two
main forms of ACT are currently being used in cancer ther-
apy: TIL isolation and expansion, and the use of genetically
engineered T cells that express a specific tumor antigen re-
ceptor or chimeric antigen receptor [83].

4. Conclusions and future perspectives

Ovarian cancer is associated strongly with inflamma-
tion, and, in most cases, has a complex relationship with
the host, with the presence of inflammatory cells and in-
flammatory mediators in the tumor microenvironment re-
sulting in increased angiogenesis and cell proliferation. The
ability to interfere with immune cell function seems to be
the main reason for the failure to control the progression
of cancer; the shift in the immune response from Thl to
Th2 cells results in impairment of the processes that con-
trol homeostasis, particularly in the tumor stroma. Several
clinical trials examining immunotherapy for ovarian cancer
are underway. They will help to define the best role for im-
munotherapy in the treatment of ovarian cancer and preven-
tion of its recurrence. A better understanding of the tumor’s
immune escape mechanisms will enable the development
of more sophisticated immunotherapeutic approaches, in-
cluding treatment personalization according to tumor biol-
ogy and the characteristics of the tumor microenvironment.
Thus, immunotherapy can lead to long-lasting and effec-
tive responses. The identification of new biomarkers is also
needed to trigger a maximum anti-tumor immune response.
The data presented here show that significant advances are
being made in the implementation of immunotherapy for
the management of ovarian cancer, which will play an im-
portant role in the treatment and prevention of this disease
in the future.
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