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Simple Summary: In this review, we present current knowledge about the prognostic and predictive
role of tumor-infiltrating lymphocytes (TILs) in ovarian cancer since this tumor shows a potential
immunogenicity which makes it suitable for immunotherapy treatment; although, to date, the im-
munotherapy has not yielded the expected results. Understanding the factors which drive infiltration
could be the key to unravel the clinical outcome heterogeneity in this cancer. Furthermore, under-
standing molecular mechanisms underlying the crosstalk between cancer and immune cells within
the tumor microenvironment (TME) could help to identify and select subsets of OC patients who
may benefit from immunotherapy.

Abstract: In the last decade, tumor-infiltrating lymphocytes (TILs) have been recognized as clinically
relevant prognostic markers for improved survival, providing the immunological basis for the
development of new therapeutic strategies and showing a significant prognostic and predictive role
in several malignancies, including ovarian cancer (OC). In fact, many OCs show TILs whose typology
and degree of infiltration have been shown to be strongly correlated with prognosis and survival.
The OC histological subtype with the higher presence of TILs is the high-grade serous carcinoma
(HGSC) followed by the endometrioid subtype, whereas mucinous and clear cell OCs seem to
contain a lower percentage of TILs. The abundant presence of TILs in OC suggests an immunogenic
potential for this tumor. Despite the high immunogenic potential, OC has been described as a
highly immunosuppressive tumor with a high expression of PD1 by TILs. Although further studies
are needed to better define their role in prognostic stratification and the therapeutic implication,
intraepithelial TILs represent a relevant prognostic factor to take into account in OC. In this review,
we will discuss the promising role of TILs as markers which are able to reflect the anticancer immune
response, describing their potential capability to predict prognosis and therapy response in OC.

Keywords: ovarian cancer; prognostic and predictive role; tumor immunology; tumor-infiltrating
lymphocytes (TILs); tumor microenvironment

1. Introduction

Ovarian cancer (OC) is one of the most common gynecological diseases, ranking
as the seventh most common female cancer and the eighth leading cause of mortality
among women worldwide, with a five-year relative survival of 49% [1]. Up to 95% of all
OCs belong to the epithelial subtype, and around 70% of all epithelial ovarian cancers
(EOCs) are represented by the high-grade serous carcinoma (HGSC), followed by clear
cell (10%) and endometrioid (10%) carcinoma, low-grade serous carcinoma (<5%), and
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the mucinous type (3%), whereas only 5% of all OC diagnoses are attributable to tumors
originating from nonepithelial parts of the ovary, such as the sex cord, stroma and, rarely,
from germ cells [2,3]. The various histological subtypes differ in terms of risk factors,
type of dissemination, molecular genetics, response to therapy, prognosis, and survival.
About 75% of EOC patients are diagnosed at an advanced stage with a five-year relative
survival of 29% [4]. Hereditary predisposition to the disease affects approximately 15–20%
of women with EOC, and the identification of pathogenic variants in the BRCA1 and
BRCA2 genes and other homologous recombination genes is mainly associated with the
HGSC subtype [5,6].

Several prognostic factors have been proposed and used to predict the clinical outcome
in OC patients. In addition to age, tumor histology, performance status, and volume of
residual disease, the presence of tumor-infiltrating lymphocytes (TILs) has been shown to
be a positive predictor of survival [7]. TILs are a specific population of T cells with a high
tumor-specific immunological reactivity against cancer cells, characterized by specificity,
memory, and adaptability [8,9]. In the tumor microenvironment (TME), TILs express an
immune receptor called programmed cell death 1 (PD-1), an immunoinhibitory receptor
of the CD28 family, which plays an important role in tumor immune escape [10]. PD-1
expression is defined as a hallmark of T cell exhaustion. Indeed, the binding of PD-1 to
its receptors, PD-L1 or PD-L2, which are expressed on tumor cells, leads to a reduction in
T cell proliferation and the production of inflammatory cytokines, resulting in the inhibition
of their ability to target cancer cells [11].

Tumor cells use these inhibitory immune checkpoint-mediated mechanisms to inacti-
vate TILs and bypass their recognition and destruction by the immune system [12]. Since
tumor lymphocyte infiltration reflects the tumor-specific immune response, TILs represent
a potential marker for assessing the intensity of the anticancer immune response [13].

Antibodies are able to inhibit the PD-1/PD-L1 pathway inducing the activation of
T lymphocytes by restoring their anticancer function [14]. T lymphocyte activation requires
interaction between the T lymphocyte receptor (TCR) and peptides presented by the major
histocompatibility complex (MHC) on antigen-presenting cells (APCs) [12].

Several monoclonal antibodies have been developed and used as immunotherapy for
the treatment of various cancers, representing, in recent years, one of the most promising
advances in the field of the oncology and demonstrating significant success in clinical
practice [15–18]. Despite their success in other tumor types, the clinical use of checkpoint
inhibitors (ICIs) in OC has been disappointing with generally low objective response rates
of around 6–15% [19].

In the last decade, the presence of TILs has been recognized as a clinically relevant
prognostic marker for improved survival and as an immunological basis for the devel-
opment of new therapeutic strategies, showing a strong prognostic and predictive value
in several malignancies, including OC [13]. In fact, many OCs show TILs whose degree
of infiltration is strongly correlated with survival [20]. In particular, the infiltration of
CD3+ and CD8+ cytotoxic T cells is associated with a better prognosis in EOC patients [21].
Furthermore, the location of TILs in the tumor has been shown to be prognostically im-
portant for OC [22]. In fact, a stronger correlation has been reported when TILs, espe-
cially CD8+, are located within the neoplastic epithelium (intraepithelial TILs) than in the
stroma (stromal TILs) [23].

A significant inverse correlation was observed between CD8+ T lymphocyte lev-
els and PD-L1 expression on cancer cells, suggesting that PD-L1 suppresses CD8+ an-
titumor cells [24]. A recent study by Jovanović et al. [25] confirmed an association be-
tween TILs and PD-L1 expression on tumor cells, which is more frequent in HGSC. Other
studies have positively correlated the association between PD-L1 expression on tumor
cells and the presence of TILs, demonstrating a better prognosis in tumors with greater
lymphocyte infiltrate [11,26].
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Based on this evidence, the aim of this review is to discuss the promising role of TILs
as markers which are able to reflect the anticancer immune response, by describing their
potential capability to predict prognosis and therapy response in OC.

2. Crosstalk between Immune System and Tumor Microenvironment in OC

The TME is the extracellular niche in which the tumor arises and develops, also
called “tumor stroma” for solid tumors. TME is predominantly composed of tumor-
associated blood vessels, local immune cells, extracellular matrix (ECM), and connective
tissue cells [27–30]. In 1889, Stephen Paget defined the TME as a specific soil for each
tumor developing the “seed and soil” theory about metastatic homing [31]. To date, it
is clear that the “TME is not just a silent bystander, but rather an active promoter of cancer
progression” [32]. A close dynamic crosstalk between TME and cancer cells determines a
condition of heterogeneity in the TME and tumor itself [33]. In fact, the TME influences
tumor features, survival, growth, and metastasis, providing information on how the tumor
acts at the level of the host TME, in angiogenesis, and immune resistance (Figure 1). The
TME can play a key role in cancer development and affects the clinical outcome of the
patient [34,35]. To create a tumor-promoting and immunosuppressive TME, defined as a
premetastatic niche (PMN), OC cells release tumor-derived exosomes (TEXs) containing
DNA, mRNA, miRNA, proteins, lipids, and other metabolites, which, accumulating in the
peritoneal cavity together with immune system cells, prepare the TME for the metastatic
dissemination [36–40].The crucial feature of the TME in OC is the ability to be the pre-
ferred metastasis site of activated mesothelial cells of the peritoneal cavity, as well as of the
omentum adipocytes. On the other hand, the peritoneal fluid enables the transcoelomic
spread of ascites-associated cancer cells or multicellular spheroids [41,42]. T cells and
macrophages are the most common cell types in OC ascites, together with natural killer
(NK) cells, tumor-associated fibroblasts (TAFs), adipocytes, and mesothelial cells [43,44].
Tumors have been shown to be infiltrated with several adaptive and innate immune cells
acting in both pro- and anti-tumorigenic roles [35]. TIL local infiltration implies a local
immunity of immune cells around or within the tumor [45]. The abundant presence of TILs
in OC suggests the immunogenic potential of this tumor. In fact, many tumor-associated
antigens (TAAs) can be recognized by T cells, and this underlines the potential benefits of
immunotherapy in treatment options for OC [46,47]. TAAs are the target of the immune
attack [47]. The sentinel cells of the immune system picking up the expressed TAAs on the
surface of tumor cells are the dendritic cells, which bring the cancer proteins to the lymph
nodes and activate the T cell-mediated immunity, making the T cells able to evade the work-
ing station of the immune system and attack the tumor [48]. These physiological events
happen in all OC patients with better survival, as the naturally generated lymphocytes
are too few to attack and destroy the tumor beforehand. However, this mechanism can be
boosted by tumor vaccines, and immunotherapies can improve the activity of the dendritic
cells and lymphocytes [49,50]. Several cells of the immune system in TME represent a
critical component for OC progression [51–53]. The tumor-associated macrophages (TAMs)
represent the main type of immune cells identified in the TME of OC [54]. TAMs are plastic
cells and can be polarized by colony-stimulating factor-1 released by tumor cells into an
immunosuppressive M2-like phenotype, producing cytokines, chemokines, enzymes, and
exosomes having miRNA, by promoting tumor metastasis. They are classified into two
major phenotypes, such as M1 and M2, with different and complex roles. M1 TAMs have a
suppressive function on tumors, whereas M2 TAMs enhance cancer progression [41,55–57].
Moreover, TAMs interact with other lymphocytes, NK cells, and dendritic cells, favoring
immunosuppression [54,58]. The cancer immune surveillance in TME is in opposition
to the immune-resistant mechanism, namely, immune evasion [46,59,60]. The evasion is
induced by several mechanisms, such as the reduction and/or loss of TAA expression,
down-regulation of MHC, overexpression of the antiapoptotic effector B-cell lymphoma 2
(BCL-2), increasing the amount of immunosuppressive regulatory cells (Tregs, MDSCs), and
the expression of inhibitory molecules, including CTLA-4, PD-L1, and Fas ligand [46,61].
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Despite the high immunogenic potential, OC has been described as highly immunosup-
pressive with a high expression of PD-1 by TILs [20,62]. Numerous findings led to the
knowledge that in OC patients, a great number of TILs and other activated immune stimu-
latory mechanisms are positively associated with increased PFS and OS, while immune
evasion events cause a worse prognosis [24,63–65]. Therefore, immunotherapies, which are
aimed to enhance the host immune response and/or reduce immune evasion, assume a
crucial role in the fight against OC [66]. Several cells are involved in immunosuppression
of OC, such as TILs, Tregs, dendritic cells, myeloid-derived suppressor cells (MDSCs),
and macrophages [67,68]. Curiel et al. [69] showed the association between Treg-mediated
pathogenesis and poor prognosis in OC [70,71]. The immunosuppressive Treg lympho-
cytes are enrolled in tissue by a preferential migration induced by an up-regulation of the
chemokine CCL22, and they seem to be the major factor in inhibiting the immune system-
mediated fight against OC [68]. An amount of cytokines and growth factors, produced and
released into TME by cancer cells, immune system cells and other host cells allow tumor
progression and metastasis escape [41].

Figure 1. Cellular components and functions of the tumor microenvironment in ovarian cancer. The
image was created with BioRender Software (https://biorender.com/ (accessed on 11 July 2022)).
Abbreviations: TAM, tumor-associated macrophages; EMT, epithelial mesenchymal transition; CAF,
cancer-associated fibroblast; MDSC, myeloid-derived suppressor cell.

The main stimulated mechanisms are: (i) proliferation, growth, and survival of neoplas-
tic cells (EGF family, IL-6, TGFβ) [72–74]; (ii) epithelial mesenchymal transition (EMT) and
metastasis (TGFβ) [74,75]; (iii) angiogenesis (VEGF, FGF, CXCL8/IL-8) [76,77]; (iv) migra-
tion of immune system cells in the tumor site (CCL family, CXCL family) [78]; (v) immuno-
suppression (VEGF, IL-6, IL-10, TGFβ) [79]; (vi) stemness (KIT ligand, R-spondins) [80,81];
and (vi) ascitic fluid formation (VEGF) [82,83].

To date, the crosstalk between TME and tumor cells is regulated to a great extent by
molecular factors, and the related signaling pathways are still unclear.

https://biorender.com/
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3. TILs in Ovarian Cancer

TILs are white blood cells which migrate from blood circulation into the tumor, par-
ticipating in the constitution of TME. They can be found in the stroma and within the
tumor and include CD8+, CD4+ T cells, and CD20+ B cells [84,85]. TILs are represented
not only by T and B cells but also by natural killer (NK) lymphocytes [7,84]. The main
subgroups of T lymphocytes are the so-called “Helper T-Cells” (CD4+), “Cytotoxic T-Cells”
(CD8+), and “Regulatory T-Cells” (CD4+, CD25+ and FOXP3+), playing a role in controlling
tumor growth [7,86,87].

The thymus is an organ of relevance in which T cell development and differentiation
occurs and is characterized by two main subsets of cells: medullary and cortical thymic
epithelial cells, which play an important role in the selection of T cells [88].

Interestingly, an association was found between CD8+ T cells and longer survival in
various tumors, and the presence of TILs is considered a relevant prognostic factor, for
example, in colorectal tumor and melanoma [89–91]. Moreover, the role of TILs (in particular,
CD4+ and CD8+ T lymphocytes, and CD20+ B-Cells) was also established in OC [92].

Regulatory T cells have an inhibitory activity, and their presence inside TME seems to
be correlated with a poor prognosis in OC [71,93]. The OC histological subtype which has
the major abundance of lymphocyte infiltrates (CD20+, CD25+, FoxP3+) is HGSC, followed
by the endometrioid type, whilst mucinous and clear cell ovarian tumors seem to express a
lower percentage of TILs [84].

Intraepithelial CD8+ TILs and high CD8+/Treg ratio are associated with favorable
prognosis compared to stroma TILs in OC [70].

TILs showed prognostic and predictive value in different solid tumors, including
OC [64]. A meta-analysis including 1815 OC patients demonstrated that a lack of in-
traepithelial TILs (CD3+ or CD8+) was associated with worse survival [65]. Moreover, a
further analysis of immune infiltrates from 199 optimally debulked patients with HGSC
also showed that TIA-1 (marker of CD8+ cytotoxic T cells), FoxP3 (regulatory T cells, Treg
marker) and CD20 (marker of B cells) are favorable prognostic factors [92]. Further studies
showed that CD20+ B cells co-localized with CD8+ T cells in HGSCs, increasing patient
survival compared to CD8+ TILs alone [94]. In particular, both T cells and B cells are
able to form lymphoid structures in HGSC, and often B cells express plasma cell features,
determining a prognostic benefit [95]. In contrast with the previous reports, other studies
showed that CD4+CD25+FoxP3+ regulatory T cells were associated with worse prognosis
in OC [69,96].

Immune checkpoint inhibitors targeting PD-L1 or PD-1 could be a potential treatment for
OC, as infiltration of intraepithelial CD3+ and CD8+ TILs is correlated with survival [20,24,97].

The PD-1 and PD-L1 protein expression, assessed in cancer cells and TILs, respectively,
from 215 primary HGSCs and CD3 expression in TILs have been also shown to be positive
prognostic factors for survival [98].

In addition CD103, a subunit of alpha E/beta7 integrin, which binds to E-cadherin on
epithelial cells, was found coexpressed in TILs from primary OCs (HGSC, endometrioid,
mucinous, and clear cell) [99]. Alpha E/beta7 integrin is expressed by 2% of circulating
lymphocytes and by 90% of intraepithelial lymphocytes, especially by some CD4+ and
CD8+ cells [100]. The alpha E/beta7 integrin facilitates the retention of effector and memory
lymphocytes in the gut epithelium through interaction with E-cadherin [100]. CD103+ TILs
are the most represented in HGSC and are preferentially localized in the epithelial regions
of tumors. CD103 was predominantly present in CD8+ T cells expressing activation (HLA-
DR, Ki-67, PD-1), cytolytic (TIA-1) markers, and in CD56+ NK cells [99]. The presence of
CD103+ TILs has been associated with the survival of the patient in HGSC by different
research groups [99,101].

An increased density of TILs has been observed after neoadjuvant chemotherapy in
HGSC, although TILs-negative tumors generally remained negative [102].

Recently, Dai et al. [103] have proposed the use of nomograms as clinically easy-to-
implement and reliable calculation models for predicting the density of TILs in the TME
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of HGSOC women in order to monitor the immune status of patients and adopt suitable
treatment options. Through a correlation analysis between TILs, clinical features, and blood
indicators (inflammatory and tumor markers), the authors showed that age, menopausal
status, estrogen receptor (ER), Ki-67 index, platelets, white blood cell (WBC) count, serum
carbohydrate antigen 153 (CA153) levels, and lactate dehydrogenase (LDH) were associated
in a linear way with the density of CD3+, CD8+, or CD4+ TILs in the TME [103].

As far as genetic diseases are concerned, in one study on endometrioid OC which is
associated with Lynch syndrome, TILs and peritumoral lymphocytes did not show any
relationship with mismatch repair (MMR) status/microsatellite instability (MSI) [104,105].
TILs are elevated in BRCA1-mutated ovarian carcinomas and have been included in a set of
histological criteria predicting BRCA1 mutations in HGSCs, although showing only a high
negative predictive value [106]. No clear relationship has been found between levels of
TILs and BRCA2-mutated OCs [107]. However, another study involving BRCA1/2-mutated
HGSCs showed a higher mutational load and increased TILs and PD-1/PD-L1 expression
compared to tumors without alterations in homologous recombination (HR) genes [108].
Moreover, BRCA1/2- and TP53-mutated OCs showed higher levels of PD-1 and PD-L1 [109].

Finally, several studies were carried out to identify different molecular subtypes of
OC based on different molecular and immunological characteristics of tumor. In particular,
some researchers performed investigations which allowed the classification of HGSC into
four different subtypes, called C1 (mesenchymal), C2 (immunoreactive), C4 (differentiated),
and C5 (proliferative) [110]. Chen and colleagues [111], instead, identified three OC
subtypes (C1, C2, and C3) which showed differences in immune score with significant
impact on prognosis and therapy response. In particular, an increased quantity of B cells,
CD8+ T cells, NK cells, cytotoxic lymphocytes, neutrophils, monocytes, Th2 cells, effective
memory T cells (Tem), and Treg cells was observed in the C1 subtype [111]. Additionally,
Liu et al. [112] performed combination analyses between PD-1/PD-L1 and TILs in order to
characterize a unique molecular subtype of HGSC with higher APC infiltration and greater
PD-1/PD-L1 expression which is able to benefit from a specific immunotherapy.

4. Prognostic Role of TILs in Ovarian Cancer

Until now, many attempts have been made to clarify the role of TILs and other
immune cells within the tumor microenvironment in several solid tumors [8]. The role
of TILs as prognostic biomarkers in patients with OC, one of most aggressive among
gynecological cancers, has been recently explored. The correlation between the exact
location, density, subpopulation of TILs within the tumor mass, and clinical outcome
is still partially defined [63]. Over the last two decades, the awareness on this topic is
growing, leading to several studies. According to some authors, a high concentration of
intraepithelial CD3+, CD8+, and CD103+ cells seems to be correlated with a better clinical
outcome [64,70,101,113].

Moreover, the presence of intratumoral CD3+ cells was associated with reduced
recurrence rate and increased overall survival (OS) in advanced OC patients after surgery
and adjuvant chemotherapy [64,69,114]. Conversely, the studies by Sato et al. [70] and
Clarke et al. [23] suggested that CD3+ TILs did not seem to influence patient prognosis.

Low intraepithelial CD8+ TILs appear as predictors of worse prognosis in advanced
OC patients, while the presence or absence of CD8+ cells within the stroma had no statisti-
cally significant influence on the clinical outcome [22–24,69,70,115–117].

High grade serous OC (HGSOC) has been shown to be more frequently associated
with increased levels of CD8+ TILs, and this was positively correlated with OS, not only in
HGSOC but also in endometrioid carcinoma [92,118].

Additionally, higher CD8+/CD4+ TIL and CD8+/Treg+ TIL ratios were correlated
with a better prognosis than low ratios in 117 patients, with a median survival of 74 versus
25 months and 58 versus 23 months, respectively [70]. According to previous data, patients
whose primary or metastatic lesions contained a high density of CD8+ TILs and high
CD8+/FOXP3+ cells ratio had an increased disease specific survival (DSS) [68,115].
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The positive association between intraepithelial CD3+ and CD8+ TILs and survival
in OC patients was observed, in 2012, in a meta-analysis by Hwang et al. [65], including
10 studies and 1815 OC patients. This was confirmed more recently by the meta-analysis of
Li et al. [97], which included 21 different studies and almost 3000 patients.

There is conflicting data regarding Treg cells, the majority of which sustain the cor-
relation with a poor prognosis [69,70], while other studies found no association or even a
positive effect on OS [92,115].

In addition, high levels of CD20+ TILs appear to be correlated with improved survival
in OC patients [92,116]. Furthermore, the presence of B cells and NK cells in ascites and
pleural effusion could predict a worse clinical outcome [119].

The prognostic benefit associated with increased TILs is unclear in women who under-
went a neoadjuvant chemotherapy (NACT) [120,121], although a retrospective study involving
131 patients showed a potential prognostic role for TILs after NACT in patients with EOCs,
suggesting a reduced mortality risk associated with an increased presence of TILs [122].

Additionally, PD-1 and PD-L1 can be considered independent prognostic factors
in OC [24,98].

A recent work, in accordance with a previous study [123], showed a negative correla-
tion among high levels of TILs CD8+ T cells and PD-L1 expression in HGSOC, confirming
that tumor PD-L1 expression is a predictor of TIL deficiency in OC [124]. However, as
previously reported [11], the combination of PD-L1 expression with CD8+ TILs positively
correlates with survival more than CD8+TILs alone, suggesting a potential prognostic role
of the PD-L1/CD8+ TILs combination [124].

TILs and Homologous Recombination Deficiency (HRD)

An increased number of TILs, stimulated by tumor-specific neoantigens, is recruited
in hypermutated solid tumors [125].

According to previous reports on solid tumors, the presence of the BRCA1 or BRCA2
pathogenic variant, leading to a high mutational load and neoantigens production, was
associated with the increased presence of immune infiltrates [126]. In fact, patients with HR-
deficient OC, who showed abundant CD3+ and CD8+ cells, experienced an improved clinical
outcome compared to HGOC women without mutations (HR-proficient OC) [108,127]. The
number of CD8+ TILs and their link with better outcome differ on the basis of the mutational
status, with a favorable association presented by BRCA1 mutation carriers compared to
BRCA2-mutated or BRCA1/BRCA2-wild-type patients [23,118,128].

Finally, BRCA1/2-mutated OCs also exhibited a significantly increased expression of
immune checkpoint modulators, such as PD-1 and PD-L1, suggesting an interplay between
HR status, the immune microenvironment within the tumor, and the clinical outcome of
HGOC patients [108].

5. Predictive Role of TILs in Ovarian Cancer

Another important aspect is represented by the modulatory role of antineoplastic
drugs on TILs. This is a very interesting field, full of continuous scientific discoveries
still being defined [20,129,130]. In fact, following the demonstration of the importance
of subpopulations of TILs and the discover of the immunogenicity in ovarian tumors,
multiple therapeutic strategies have been specifically studied and developed [120,131,132].
Various chemotherapy drugs can modulate the activity of distinct immune cell subsets or
the immune phenotype of tumor cells, by enhancing antigen presentation, increasing the
expression of costimulatory molecules, down-regulating immune checkpoint molecules, or
promoting tumor cell death [132]. Conventional cytotoxic drugs may harness the antineo-
plastic immune microenvironment capacity through a number of mechanisms, including
the induction of cellular rearrangements that make the tumor cell more attackable by the
host immune surveillance system or by inducing cell death [120]. With regards to the anti-
neoplastic drugs commonly used as neoadjuvant treatment for OC, there is increasing data
to support that both carboplatin and paclitaxel may rearrange tumor-mediated immuno-
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suppressive mechanisms and consequently cause effects on immune response [133,134].
Furthermore, carboplatin plus paclitaxel chemotherapy, beyond killing tumor cells, has
been also shown to reduce immunosuppression for 2 weeks coinciding with an enhanced
T cell immunity, by potentially creating a window of opportunity to identify the opti-
mal time to introduce an ICI-based therapy [120,135–137]. In particular, ICIs targeting
cytotoxic T lymphocyte-associated protein 4 (CTLA-4) or PD-L1/PD-1 are among the
most innovative molecules in this field [138]. Anti-CTLA-4 antibodies improve naive
T cell priming and activation in lymph nodes, where they eventually move to promote
tumor rejection. The combination of the PD-L1/PD-1 and CTLA-4 blocking may be mean-
ingful in OC, according to the emerging evidence [139].

The combination of ICIs and poly (ADP-ribose) polymerase inhibitors (PARPs) is a
very interesting and promising aspect. An enzyme called PARP is in charge of fixing DNA
single-strand breaks. The immune system can recognize neoantigens that accumulate as
a result of its suppression. Additionally, a less effective DNA repair system leads to an
accumulation of cytosolic DNA, which, in turn, triggers the production of interferons and
chemoattractants in the proinflammatory cGAS-STING pathway, increasing the response
of the immune system against cancer cells [140].

Angiogenesis and immune suppression are two important related biological pro-
cesses [141]. Both mechanisms promote tumor growth and immunological tolerance. To
date, several studies have focused on angiogenic tumor endothelium as a passive physi-
cal barrier that inhibits T cell extravasation and effectively counteracts tumor immunity
through anergy [142–144]. The recent data indicate that the tumor endothelium also
acts as an active immunological regulator capable of directly inhibiting the function of
T lymphocytes [141,145]. An immunosuppressive environment is specifically promoted by
angiogenic growth factors by inducing the expression of FasL on the tumor endothelium,
which preferentially kills tumor-reactive CD8+ cells [141]. The existing research suggests
that angiogenesis could mechanically inhibit lymphocyte T migration and endothelial
adhesion [141,146] because patients who typically have enhanced tumor angiogenesis do
not have TILs [64]. Many researchers found that angiogenesis inhibition during adoptive
therapy increases the infiltration of anticancer T lymphocytes [142,144,147]. In particular,
the inhibition of tumor angiogenesis predominantly encourages the infiltration of effector
CD8+ T cells by preventing the effector T cell death caused by the FasL expression on the
tumor endothelium [141]. Vascular endothelial growth factor (VEGF) plays a key role in
healthy and pathological angiogenesis and is a key factor in tumor development [20,148].
In the OC microenvironment, VEGF has been shown to be highly expressed [149]. It allows
the vascular permeability, tumor angiogenesis and spread of peritoneal OC through the
development of malignant ascites [150]. VEGF not only promotes tumor angiogenesis but
also has immunosuppressive properties. Consequentially, the activity of T lymphocytes is
inhibited by VEGF, which also helps induce and maintain regulatory T lymphocytes (Treg),
prevent the functional maturation of dendritic cells, increase the expression of inhibitory
immune checkpoints on CD8+ lymphocytes, and promote the presence of macrophages
associated with cancer [20]. Antiangiogenic drugs could reverse the immunosuppression
caused by VEGF, improving the efficacy of ICIs in OC. In vitro inhibition of VEGF has been
shown to increase the activation of cytotoxic T lymphocytes and decrease the expression of
the inhibitory factors of T lymphocytes, such as PD-L1, TIM-3, LAG-3, and CTLA-4 [151].
Currently, many studies are underway with combined therapies between immunotherapies
and antiangiogenics. Although immunotherapy or antiangiogenic therapy have often been
used as monotherapies, in the light of this new evidence, the close relationship between
angiogenesis and immunosuppression is very clear [141].

Ongoing and completed main studies concerning the modulating action of therapies
on TILs are reported in Table 1.
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Table 1. Ongoing and completed main studies concerning the modulating action of therapies on TILs.

Study Trial Identifier Study Description Phase Status Number of
Patients

Adoptive T Cell Therapy
in Patients with Recurrent

Ovarian Cancer
(OVACURE)

NCT04072263

Ovarian cancer is a highly immunogenic
tumor, and good survival is tightly linked
to the presence of tumor-infiltrating CD8+

T cells and the absence of
immunosuppressive immune cells. This

clear correlation between T cell infiltration
and disease progression suggests that OC
may be sensitive to adoptive cell therapy

by infusion of ex vivo expanded
autologous TILs provided that immune

suppression is reduced.

1–2 Recruiting 12

T Cell Therapy in
Combination with

Nivolumab, Relatlimab,
and Ipilimumab for

Patients with Metastatic
Ovarian Cancer

NCT04611126

In two consecutive pilot trials, adoptive
cell therapy (ACT) with TILs was

combined with a CTLA-4 inhibitor,
Ipilimumab, and a

PD1-inhibitor, Nivolumab.
About 90–100% of infused T cells

expressed LAG-3. The interaction between
LAG-3 on T cells and MHC-II on tumor

cells inhibits T cell function.
In this study, adding the LAG-3 antibody,
Relatlimab, to the ACT regimen described

above may therefore unleash T cell
antitumor efficacy by blocking the known

LAG-3–MHC-II interaction.

1–2 Recruiting 18

TIL Therapy in
Combination with

Checkpoint Inhibitors for
Metastatic Ovarian Cancer

NCT03287674

Before TIL infusion, the patients receive
1 week of preconditioning chemotherapy
with cyclophosphamide and fludarabine.

After TIL infusion, Interleukin-2 is
administered to support T cell activation

and proliferation in vivo. Mainly transient
clinical responses were observed, and

therefore, the investigators plan to
combine TIL therapy with checkpoint
inhibitors to potentially increase the

clinical effect.

1–2 Completed 7

The ACTIVATE (Adoptive
Cell Therapy InVigorated

to Augment Tumor
Eradication) Trial

NCT03158935

Patients will first receive either
cyclophosphamide or cyclophosphamide
and fludarabine. These are chemotherapy

agents that prepare the body to receive TILs.
Patients are then infused with

autologous TILs.
Following TILs infusion, patients will
receive low-dose IL-2 therapy that is

intended to activate and stimulate the
growth of cells in the immune

system of the patients.
If the patients meet the required criteria,

they will be given pembrolizumab.

1 Completed 8

Immunotherapy Using
Tumor Infiltrating

Lymphocytes for Patients
with Metastatic Cancer

NCT01174121

The purpose of this study is to see if these
specifically selected tumor-fighting cells

can cause digestive tract, urothelial, breast,
or ovarian/endometrial tumors to shrink

and to see if this treatment is safe.

2 Recruiting 332

“Re-Stimulated”
Tumor-Infiltrating
Lymphocytes And

Low-Dose Interleukin-2
Therapy in Patients with
Platinum Resistant High
Grade Serous Ovarian,

Fallopian Tube, or Primary
Peritoneal Cancer

NCT01883297

Prior to the main treatment, patients will
receive cyclophosphamide by vein.

Patients will then receive an infusion by
vein of autologous TILs, stimulated with

certain substances called autologous
dendritic cells (DCs) and OKT3 (anti-CD3

antibody) given to the patients as an
infusion. After infusion of TILs, low-dose
interleukin-2 (IL-2) therapy will be given.

1 Active, not
Recruiting 3
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6. Conclusions and Future Perspectives

The tumor microenvironment plays a key role in cancer development and the clinical
outcome of OC patients. Dynamic interactions between tumor cells and their surrounding
microenvironment influence tumor survival, growth, and metastasis. Immune system cells
can offer a critical checkpoint for tumor progression. However, the infiltration of the tumor
by immune cells appears to have a dual antithetic function: prometastatic or antimetastatic.
Tumor infiltration by TILs has emerged as a good prognostic marker in numerous tumors,
including OC. However, the main molecular factors regulating the crosstalk between tumor
cells and T lymphocytes and the related signaling pathways are still unclear.

Although further studies are needed to better define their role in prognostic strat-
ification and the therapeutic implication, intraepithelial TILs represent a considerable
prognostic factor to take into account in OC. In fact, TILs as prognostic biomarkers have
some clear advantages above others, such as the ease, speed, and low cost with which the
analysis can be performed and the high reproducibility of the scoring. Conversely, the
assessment of genomic biomarkers and PD-L1 are expensive, laborious, and not always
easily implemented in low-to-middle income countries.

This review confirms the importance of TILs as a precious addition to the set of
standard prognostic factors in OC patients. In the future, understanding the factors that
drive infiltration will be the key to unravel the clinical outcome heterogeneity in this cancer.

Several experimental studies showed that TILs should be considered for prospective
clinical trials investigating (neo)adjuvant chemotherapy de-escalation strategies. Further-
more, the absence of TILs could predict the failure of the PD-L1 blockade. The checkpoint
blockade after infusion of TILs has been shown to be a potentially promising approach to
increase response rates and induce long-term survival. Understanding molecular mecha-
nisms underlying the crosstalk between cancer and immune cells within the TME will help
to identify and select subsets of OC patients who may benefit from the immunotherapies.
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Fend, F.; et al. Combined Immunoscore of CD103 and CD3 Identifies Long-Term Survivors in High-Grade Serous Ovarian Cancer.
Int. J. Gynecol. Cancer 2016, 26, 671–679. [CrossRef] [PubMed]

102. Lo, C.S.; Sanii, S.; Kroeger, D.R.; Milne, K.; Talhouk, A.; Chiu, D.S.; Rahimi, K.; Shaw, P.A.; Clarke, B.A.; Nelson, B.H. Neoadjuvant
Chemotherapy of Ovarian Cancer Results in Three Patterns of Tumor-Infiltrating Lymphocyte Response with Distinct Implications
for Immunotherapy. Clin. Cancer Res. 2017, 23, 925–934. [CrossRef] [PubMed]

103. Dai, D.; Liu, L.; Huang, H.; Chen, S.; Chen, B.; Cao, J.; Luo, X.; Wang, F.; Luo, R.; Liu, J. Nomograms to Predict the Density of
Tumor-Infiltrating Lymphocytes in Patients With High-Grade Serous Ovarian Cancer. Front. Oncol. 2021, 11, 590414. [CrossRef]
[PubMed]

104. Aysal, A.; Karnezis, A.; Medhi, I.; Grenert, J.P.; Zaloudek, C.J.; Rabban, J.T. Ovarian Endometrioid Adenocarcinoma. Am. J. Surg.
Pathol. 2012, 36, 163–172. [CrossRef] [PubMed]

105. Fanale, D.; Corsini, L.R.; Scalia, R.; Brando, C.; Cucinella, A.; Madonia, G.; Dimino, A.; Filorizzo, C.; Barraco, N.; Bono, M.;
et al. Can the tumor-agnostic evaluation of MSI/MMR status be the common denominator for the immunotherapy treatment of
patients with several solid tumors? Crit. Rev. Oncol./Hematol. 2022, 170, 103597. [CrossRef]

106. Fujiwara, M.; McGuire, V.A.; Felberg, A.; Sieh, W.; Whittemore, A.S.; Longacre, T.A. Prediction of BRCA1 Germline Mutation
Status in Women With Ovarian Cancer Using Morphology-based Criteria. Am. J. Surg. Pathol. 2012, 36, 1170–1177. [CrossRef]
[PubMed]

http://doi.org/10.1016/j.ejcsup.2019.12.002
http://www.ncbi.nlm.nih.gov/pubmed/33240443
http://doi.org/10.1177/1758835919848872
http://doi.org/10.1007/s00018-017-2686-7
http://doi.org/10.1182/blood-2008-09-177360
http://doi.org/10.1016/j.thorsurg.2018.12.001
http://doi.org/10.1016/j.coi.2014.01.001
http://doi.org/10.1158/0008-5472.CAN-11-3218
http://doi.org/10.1126/science.1129139
http://www.ncbi.nlm.nih.gov/pubmed/17008531
http://doi.org/10.1371/journal.pone.0006412
http://doi.org/10.4049/jimmunol.178.11.6730
http://www.ncbi.nlm.nih.gov/pubmed/17513719
http://doi.org/10.1158/1078-0432.CCR-12-0234
http://www.ncbi.nlm.nih.gov/pubmed/22553348
http://doi.org/10.1158/1078-0432.CCR-15-2762
http://www.ncbi.nlm.nih.gov/pubmed/26763251
http://doi.org/10.1371/journal.pone.0111757
http://doi.org/10.18632/oncotarget.14919
http://doi.org/10.18632/oncotarget.6429
http://doi.org/10.1158/1078-0432.CCR-13-1877
http://doi.org/10.2174/156652409789105525
http://doi.org/10.1097/IGC.0000000000000672
http://www.ncbi.nlm.nih.gov/pubmed/26905331
http://doi.org/10.1158/1078-0432.CCR-16-1433
http://www.ncbi.nlm.nih.gov/pubmed/27601594
http://doi.org/10.3389/fonc.2021.590414
http://www.ncbi.nlm.nih.gov/pubmed/33718143
http://doi.org/10.1097/PAS.0b013e31823bc434
http://www.ncbi.nlm.nih.gov/pubmed/22189970
http://doi.org/10.1016/j.critrevonc.2022.103597
http://doi.org/10.1097/PAS.0b013e31825d9b8d
http://www.ncbi.nlm.nih.gov/pubmed/22790858


Cancers 2022, 14, 4344 15 of 16

107. George, J.; Alsop, K.; Etemadmoghadam, D.; Hondow, H.; Mikeska, T.; Dobrovic, A.; deFazio, A.; Smyth, G.K.; Levine, D.A.;
Mitchell, G.; et al. Nonequivalent Gene Expression and Copy Number Alterations in High-Grade Serous Ovarian Cancers with
BRCA1 and BRCA2 Mutations. Clin. Cancer Res. 2013, 19, 3474–3484. [CrossRef]

108. Strickland, K.C.; Howitt, B.E.; Shukla, S.A.; Rodig, S.; Ritterhouse, L.L.; Liu, J.F.; Garber, J.E.; Chowdhury, D.; Wu, C.J.; D’Andrea,
A.D.; et al. Association and prognostic significance of BRCA1/2-mutation status with neoantigen load, number of tumor-
infiltrating lymphocytes and expression of PD-1/PD-L1 in high grade serous ovarian cancer. Oncotarget 2016, 7, 13587–13598.
[CrossRef]

109. Wieser, V.; Gaugg, I.; Fleischer, M.; Shivalingaiah, G.; Wenzel, S.; Sprung, S.; Lax, S.F.; Zeimet, A.G.; Fiegl, H.; Marth, C.
BRCA1/2 and TP53 mutation status associates with PD-1 and PD-L1 expression in ovarian cancer. Oncotarget 2018, 9, 17501–17511.
[CrossRef]

110. Leong, H.S.; Galletta, L.; Etemadmoghadam, D.; George, J.; Köbel, M.; Ramus, S.J.; Bowtell, D. Efficient molecular subtype
classification of high-grade serous ovarian cancer. J. Pathol. 2015, 236, 272–277. [CrossRef]

111. Chen, Z.; Jiang, W.; Li, Z.; Zong, Y.; Deng, G. Immune-and Metabolism-Associated Molecular Classification of Ovarian Cancer.
Front. Oncol. 2022, 12, 877369. [CrossRef] [PubMed]

112. Liu, P.; Chen, R.; Zhang, X.; Fu, R.; Tao, L.; Jia, W. Combined PD-1/PD-L1 and tumor-infiltrating immune cells redefined a unique
molecular subtype of high-grade serous ovarian carcinoma. BMC Genom. 2022, 23, 51. [CrossRef]

113. James, F.R.; Jiminez-Linan, M.; Alsop, J.; Mack, M.; Song, H.; Brenton, J.D.; Pharoah, P.D.P.; Ali, H.R. Association between tumour
infiltrating lymphocytes, histotype and clinical outcome in epithelial ovarian cancer. BMC Cancer 2017, 17, 657. [CrossRef]
[PubMed]

114. Tomšová, M.; Melichar, B.; Sedláková, I.; Šteiner, I. Prognostic significance of CD3+ tumor-infiltrating lymphocytes in ovarian
carcinoma. Gynecol. Oncol. 2008, 108, 415–420. [CrossRef]

115. Leffers, N.; Gooden, M.J.M.; de Jong, R.A.; Hoogeboom, B.-N.; ten Hoor, K.A.; Hollema, H.; Boezen, H.M.; van der Zee, A.G.J.;
Daemen, T.; Nijman, H.W. Prognostic significance of tumor-infiltrating T-lymphocytes in primary and metastatic lesions of
advanced stage ovarian cancer. Cancer Immunol. Immunother. 2008, 58, 449–459. [CrossRef] [PubMed]

116. Santoiemma, P.P.; Reyes, C.; Wang, L.-P.; McLane, M.W.; Feldman, M.D.; Tanyi, J.L.; Powell, D.J. Systematic evaluation of multiple
immune markers reveals prognostic factors in ovarian cancer. Gynecol. Oncol. 2016, 143, 120–127. [CrossRef]

117. Adams, S.F.; Levine, D.A.; Cadungog, M.G.; Hammond, R.; Facciabene, A.; Olvera, N.; Rubin, S.C.; Boyd, J.; Gimotty, P.A.;
Coukos, G. Intraepithelial T cells and tumor proliferation. Cancer 2009, 115, 2891–2902. [CrossRef]

118. Goode, E.L.; Block, M.S.; Kalli, K.R.; Vierkant, R.A.; Chen, W.; Fogarty, Z.C.; Gentry-Maharaj, A.; Toloczko, A.; Hein, A.; Bouligny,
A.L.; et al. Dose-Response Association of CD8+ Tumor-Infiltrating Lymphocytes and Survival Time in High-Grade Serous
Ovarian Cancer. JAMA Oncol. 2017, 3, e173290. [CrossRef]

119. Dong, H.P.; Elstrand, M.B.; Holth, A.; Silins, I.; Berner, A.; Trope, C.G.; Davidson, B.; Risberg, B. NK- and B-Cell Infiltration
Correlates With Worse Outcome in Metastatic Ovarian Carcinoma. Am. J. Clin. Pathol. 2006, 125, 451–458. [CrossRef]

120. Khairallah, A.S.; Genestie, C.; Auguste, A.; Leary, A. Impact of neoadjuvant chemotherapy on the immune microenvironment in
advanced epithelial ovarian cancer: Prognostic and therapeutic implications. Int. J. Cancer 2018, 143, 8–15. [CrossRef]

121. Scurry, J.; van Zyl, B.; Gulliver, D.; Otton, G.; Jaaback, K.; Lombard, J.; Vilain, R.E.; Bowden, N.A. Nucleotide excision repair
protein ERCC1 and tumour-infiltrating lymphocytes are potential biomarkers of neoadjuvant platinum resistance in high grade
serous ovarian cancer. Gynecol. Oncol. 2018, 151, 306–310. [CrossRef] [PubMed]

122. Giovannoni, S.; Garbi, A.; Parma, G.; Lapresa, M.; Zaccarelli, E.; Vingiani, A.; Ardoino, I.; Pruneri, G.; Colombo, N. Tumour-
infiltrating lymphocytes (TILs) in patients with epithelial ovarian cancer undergoing neoadjuvant chemotherapy: A retrospective
study. Ann. Oncol. 2019, 30, v416. [CrossRef]

123. Kandalaft, L.E.; Powell, D.J.; Singh, N.; Coukos, G. Immunotherapy for Ovarian Cancer: What’s Next? J. Clin. Oncol. 2011, 29,
925–933. [CrossRef] [PubMed]

124. Farrag, M.S.; Abdelwahab, K.; Farrag, N.S.; Elrefaie, W.E.; Emarah, Z. Programmed death ligand-1 and CD8 tumor-infiltrating
lymphocytes (TILs) as prognostic predictors in ovarian high-grade serous carcinoma (HGSC). J. Egypt. Natl. Cancer Inst. 2021, 33, 16.
[CrossRef] [PubMed]

125. Llosa, N.J.; Cruise, M.; Tam, A.; Wicks, E.C.; Hechenbleikner, E.M.; Taube, J.M.; Blosser, R.L.; Fan, H.; Wang, H.; Luber, B.S.; et al.
The Vigorous Immune Microenvironment of Microsatellite Instable Colon Cancer Is Balanced by Multiple Counter-Inhibitory
Checkpoints. Cancer Discov. 2015, 5, 43–51. [CrossRef]

126. McAlpine, J.N.; Porter, H.; Köbel, M.; Nelson, B.H.; Prentice, L.M.; Kalloger, S.E.; Senz, J.; Milne, K.; Ding, J.; Shah, S.P.; et al.
BRCA1 and BRCA2 mutations correlate with TP53 abnormalities and presence of immune cell infiltrates in ovarian high-grade
serous carcinoma. Mod. Pathol. 2012, 25, 740–750. [CrossRef]

127. Morse, C.B.; Toukatly, M.N.; Kilgore, M.R.; Agnew, K.J.; Bernards, S.S.; Norquist, B.M.; Pennington, K.P.; Garcia, R.L.; Liao, J.B.;
Swisher, E.M. Tumor infiltrating lymphocytes and homologous recombination deficiency are independently associated with
improved survival in ovarian carcinoma. Gynecol. Oncol. 2019, 153, 217–222. [CrossRef]

128. Soslow, R.A.; Han, G.; Park, K.J.; Garg, K.; Olvera, N.; Spriggs, D.R.; Kauff, N.D.; Levine, D.A. Morphologic patterns associated
with BRCA1 and BRCA2 genotype in ovarian carcinoma. Mod. Pathol. 2011, 25, 625–636. [CrossRef]

http://doi.org/10.1158/1078-0432.CCR-13-0066
http://doi.org/10.18632/oncotarget.7277
http://doi.org/10.18632/oncotarget.24770
http://doi.org/10.1002/path.4536
http://doi.org/10.3389/fonc.2022.877369
http://www.ncbi.nlm.nih.gov/pubmed/35646692
http://doi.org/10.1186/s12864-021-08265-y
http://doi.org/10.1186/s12885-017-3585-x
http://www.ncbi.nlm.nih.gov/pubmed/28931370
http://doi.org/10.1016/j.ygyno.2007.10.016
http://doi.org/10.1007/s00262-008-0583-5
http://www.ncbi.nlm.nih.gov/pubmed/18791714
http://doi.org/10.1016/j.ygyno.2016.07.105
http://doi.org/10.1002/cncr.24317
http://doi.org/10.1001/jamaoncol.2017.3290
http://doi.org/10.1309/15B66DQMFYYM78CJ
http://doi.org/10.1002/ijc.31200
http://doi.org/10.1016/j.ygyno.2018.08.030
http://www.ncbi.nlm.nih.gov/pubmed/30194007
http://doi.org/10.1093/annonc/mdz250.026
http://doi.org/10.1200/JCO.2009.27.2369
http://www.ncbi.nlm.nih.gov/pubmed/21079136
http://doi.org/10.1186/s43046-021-00073-5
http://www.ncbi.nlm.nih.gov/pubmed/34241710
http://doi.org/10.1158/2159-8290.CD-14-0863
http://doi.org/10.1038/modpathol.2011.211
http://doi.org/10.1016/j.ygyno.2019.02.011
http://doi.org/10.1038/modpathol.2011.183


Cancers 2022, 14, 4344 16 of 16

129. Kverneland, A.H.; Pedersen, M.; Westergaard, M.C.W.; Nielsen, M.; Borch, T.H.; Olsen, L.R.; Aasbjerg, G.; Santegoets, S.J.; Burg,
S.H.v.d.; Milne, K.; et al. Adoptive cell therapy in combination with checkpoint inhibitors in ovarian cancer. Oncotarget 2020, 11,
2092–2105. [CrossRef]

130. Vanguri, R.; Benhamida, J.; Young, J.H.; Li, Y.; Zivanovic, O.; Chi, D.; Snyder, A.; Hollmann, T.J.; Mager, K.L. Understanding the
impact of chemotherapy on the immune landscape of high-grade serous ovarian cancer. Gynecol. Oncol. Rep. 2022, 39, 100926.
[CrossRef]

131. Chester, C.; Dorigo, O.; Berek, J.S.; Kohrt, H. Immunotherapeutic approaches to ovarian cancer treatment. J. ImmunoTher. Cancer
2015, 3, 7. [CrossRef] [PubMed]

132. Fan, C.; Reader, J.; Roque, D.M. Review of Immune Therapies Targeting Ovarian Cancer. Curr. Treat. Options Oncol. 2018, 19, 74.
[CrossRef]

133. Javeed, A.; Ashraf, M.; Riaz, A.; Ghafoor, A.; Afzal, S.; Mukhtar, M.M. Paclitaxel and immune system. Eur. J. Pharm. Sci. 2009, 38,
283–290. [CrossRef] [PubMed]

134. Chang, C.-L.; Hsu, Y.-T.; Wu, C.-C.; Lai, Y.-Z.; Wang, C.; Yang, Y.-C.; Wu, T.C.; Hung, C.-F. Dose-Dense Chemotherapy Improves
Mechanisms of Antitumor Immune Response. Cancer Res. 2013, 73, 119–127. [CrossRef] [PubMed]

135. Böhm, S.; Montfort, A.; Pearce, O.M.T.; Topping, J.; Chakravarty, P.; Everitt, G.L.A.; Clear, A.; McDermott, J.R.; Ennis, D.; Dowe,
T.; et al. Neoadjuvant Chemotherapy Modulates the Immune Microenvironment in Metastases of Tubo-Ovarian High-Grade
Serous Carcinoma. Clin. Cancer Res. 2016, 22, 3025–3036. [CrossRef] [PubMed]

136. Kershaw, M.H.; Devaud, C.; John, L.B.; Westwood, J.A.; Darcy, P.K. Enhancing immunotherapy using chemotherapy and radiation
to modify the tumor microenvironment. OncoImmunology 2014, 2, e25962. [CrossRef] [PubMed]

137. Wu, X.; Feng, Q.-M.; Wang, Y.; Shi, J.; Ge, H.-L.; Di, W. The immunologic aspects in advanced ovarian cancer patients treated with
paclitaxel and carboplatin chemotherapy. Cancer Immunol. Immunother. 2009, 59, 279–291. [CrossRef]
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