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Abstract

Ovarian cancer is a prominent cancer worldwide with a relatively low survival rate for women diagnosed. Many individu-
als are diagnosed in the late stage of the disease and are prescribed a wide variety of treatment options. Current treatment
options are primarily a combination of surgery and chemotherapy as well as a new but promising treatment involving immu-
notherapy. Nevertheless, contemporary therapeutic modalities exhibit a discernible lag in advancement when compared with
the strides achieved in recent years in the context of other malignancies. Moreover, many surgery and chemotherapy options
have a high risk for recurrence due to the late-stage diagnosis. Therefore, there is a necessity to further treatment options.
There have been many new advancements in the field of immunotherapy. Immunotherapy has been approved for 16 various
types of cancers and has shown significant treatment potential in many other cancers as well. Researchers have also found
many promising outlooks for immunotherapy as a treatment for ovarian cancer. This review summarizes many of the new
advancements in immunotherapy treatment options and could potentially offer valuable insights to gynecologists aimed at
enhancing the efficacy of their treatment approaches for patients diagnosed with ovarian cancer.
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Introduction explored since the late 1980s, show uncertain efficacy in
early ovarian cancer detection [4].
High-Grade Serous Carcinomas dominate ovarian cancer

diagnoses, alongside notable entities like Ovarian Germ Cell

Ovarian cancer ranks as the leading cause of gynecologi-
cal cancer-related fatalities worldwide, with an estimated

225,500 cases annually, resulting in 140,200 deaths.
Although commonly referred to as a singular disease, his-
topathology reveals diverse classifications for ovarian neo-
plasms [1]. Unfortunately, early signs are rare, and symp-
toms like lower abdominal masses, ascites, and ovarian pain
often indicate advanced stages, leading to high mortality.
Recent studies highlight promising developments in early
detection using MRI and ultrasounds [1-3]. Biomarkers,
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Tumors, Ovarian Sex Cord-Stromal Tumors, and Epithelial
Ovarian Carcinoma [1-4]. Preventative surgery, involving
cytoreductive surgery (CRS) with procedures like hysterec-
tomy and salpingo-oophorectomy, represents a fundamental
treatment. For those ineligible for surgery, a combination
of chemotherapy, surgery, or immunotherapy is common.
Cytoreduction success rates are higher with primary debulk-
ing surgery, while interval debulking surgery is a less fre-
quent alternative. Treatment usually includes six cycles of
platinum and taxane-based chemotherapy, hyperthermic
intraperitoneal chemotherapy (HIPEC), or three cycles of
neoadjuvant chemotherapy. The roles of HIPEC and neoad-
juvant chemotherapy in ovarian cancer survival rates post-
CRS are currently under scrutiny [5-8].

Immunotherapy is the newest and most promising
advancement in the treatment of ovarian cancer. Immu-
notherapy enhances the anticancer immune response.
Immunotherapy involves explicitly targeting the tumor
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microenvironment (TME) and promoting appropriate anti-
gen recognition and T-cell activation to eradicate tumor
cells. Therefore, a critical process for effective immuno-
therapy is promoting an antitumor T-cell response with
the TME. Recently, immunotherapy has been approved for
the treatment of 16 types of various cancers, including, but
not limited to, lung cancer, melanoma, renal cancer, and
lymphoma [8]. With regards to immunotherapy used as a
treatment for ovarian cancer, many different approaches
are under investigation in order to achieve the critical step,
including dendritic cells, autologous tumor vaccines, and
other combination therapies [9, 10]. This review aims to
address the new advancements in immunotherapy treatments
for ovarian cancer.

Immunotherapy for ovarian cancer

Immunotherapy has revolutionized the way we treat cancer
patients. There are many different types of immunotherapy,
including oncolytic virus therapy, cancer vaccine, adoptive
cell transport, and cytokine therapy. Although immunother-
apy has been obtaining positive results from clinical trials,
the results are varied and are limited to specific types of
cancer. Looking at what effects the immune system has on
cancer cells provides further details on what immunotherapy
is and what it is doing for cancer treatments. The main fac-
tors in immunotherapy are the immune cells that reside in
the tumor microenvironment (TME). Immunotherapy takes
these cells and genetically modifies them to boost immune
defense against cancerous cells. Overall, the major pro-
ponents of immunotherapy include checkpoint inhibitors,
adoptive T-cell therapy, oncolytic virus therapy, dendritic
cells, cancer vaccines, and cytokine therapy [11].

Immune checkpoints

Immune checkpoint inhibitors (ICIs) have emerged as piv-
otal immunotherapeutic agents within the realm of medical
practice. This therapeutic approach leverages co-inhibitory
signaling pathways and their capacity to uphold immune tol-
erance. Regrettably, these pathways are frequently co-opted
by cancer cells as a means to elude immune surveillance.
The primary objective of immune checkpoint inhibitors is
to facilitate the liberation of anti-tumor T cell responses by
obstructing the binding of checkpoint proteins with their
cognate partner proteins. Consequently, this interference
precludes the transmission of the inhibitory signal, thereby
empowering T cells to eradicate cancer cells. In summary,
immune checkpoint inhibitors disrupt cellular pathways
with the overarching aim of eradicating malignant cancer
cells. Key targets for immune checkpoint inhibitors include
cytotoxic T-cell lymphocytes associated with module-4
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(CTLA-4), programmed cell death 1 (PD-1), and pro-
grammed cell death-ligand 1 (PD-L1) [12, 13].

Although the most common treatment for ovarian can-
cer is cytoreductive surgery combined with chemotherapy,
T-cells are also commonly used in the treatment of ovarian
cancer. T-cells show the most promise when used as therapy
for incurable tumors. Immune checkpoints blockade specific
T-cell pathways to promote host self-tolerance and autoim-
munity. The most commonly investigated immune check-
point targets are PD-1 and PD-L1. These pathways show
great promise in developing an immune response to ovarian
cancer [14, 15]. PD-1 inhibits effector T-cell activity. After
activation of its ligands PD-L1 or PD-L2, PD-1 becomes
phosphorylated and recruits the inhibitory phosphatases
SHP-2, which dephosphorylates CD28 and inactivates the
costimulatory signaling [9]. Multiple checkpoint molecules
have been found, including CTLA-4, PD-1, and PD ligand
1 (PD-L1, B7-H1). Anti-CTLA-4 and anti-PD-1/PD-L1
enhance the antitumor immune response by increasing the
number of tumor-infiltrating T cells and recovering the
response to the stimulus of cytotoxic T cells. The CTLA-4
blockade has been shown to directly promote the increase
and activation of tumor-specific CD8 + T cells [9, 16].

Adoptive T-cell therapy (ACT)

Adoptive T-cell therapy (ACT) uses specific T cells that have
autologous immune cells, which are genetically modified or
isolated. The T cells are then infused back into the patient
to eliminate the cancer cells. Two examples of modified T
cells are chimeric antigen receptor (CAR)-T cells and T-cell
receptor (TCR)-engineered T cells. CAR-T cells recognize
specific antigens on the cancer cells’ surface by utilizing
antibody fragments. TCRs have proven to regress metastatic
melatonin tumors. In addition, the canonical cancer-testis
antigen NY-ESO-1 was targeted for genetic modification,
causing the regression in multiple myeloma tumors [17].
Both CAR-T cells and TCRs have made advancements in
cancer treatments and will continue to do so in the future.
T cells can be genetically modified to express tumor
antigen-specific TCR, which encode the o and 3 chains spe-
cifically for tumor-presenting peptides expressed on a given
human leukocyte antigen molecule or a CAR encoding a
transmembrane protein to include the tumor antigen-binding
domain of an immunoglobulin linked to one or more T-cell
molecules [18, 19]. ACT is created ex vivo or outside the
body. This allows the use of the entire genome to create and
expand a therapeutic drug instead of in vivo limitations cre-
ated by the immune response. T-cell treatments often yield
excellent initial results that are followed by eventual tumor
relapse. However, ex vivo expansion and implementation
of T cells show promising signs of longer-term efficacy.
In addition, tests show hopeful signs that peripheral blood
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lymphocytes (PBL) can be used to exhibit more tumor anti-
gen specificity. When combined with ACT, PBL can help
make more remarkable strides toward successful immuno-
therapy for ovarian cancer [10].

Oncolytic virus

The basis of this immunotherapy uses oncolytic viruses,
which are naturally occurring and are specialized to replicate
and kill specific cancer cells, as a form of treatment for can-
cer. The foremost issue scientists are having with this type
of immunotherapy is that although the virus can infiltrate
the cancer cells and multiply, getting them to infiltrate only
cancer and not the normal cells. This revelation unveiled the
compromised antiviral defense mechanisms within cancer
cells, resulting in accelerated viral replication within neo-
plastic cells relative to their normal counterparts. Neverthe-
less, the challenge persists in preventing viral replication
within normal cells entirely. In response to this quandary,
scientists devised two strategic solutions. One is to modify
the virus genetically, and the other is to select a virus that
is non-virulent in humans. Genetically modifying viruses
has been the overall best-suited strategy. Two genetically
modified oncolytic viruses are approved as marketing drugs.
The first is Oncorine (H101) which is used for head, neck,
and esophagus cancer. The other is T-Vec (talimogene laher-
parepvec) which treats advanced melanoma. Over time this
immunotherapy will continue to grow, and more marketed
drugs will come with it [20].

The use of an oncolytic herpes virus (OHSV) to express
a full-length and soluble anti-CD47 with an IgG1 and IgG4
scaffold has shown some promise. They have successfully
enhanced and increased macrophage phagocytosis in ovar-
ian cancer cells. In addition, IgG1 also helped to activate
natural human killer cell cytotoxicity and phagocytosis. This
is especially useful when dealing with cancer that has metas-
tasized, helping the body fight back and know what to kill
and what not to kill [21].

Combination therapy, particularly the amalgamation of
reovirus and natural killer T cell immunotherapy in the ID8
ovarian cancer model, can yield numerous positive effects
on the survivability of patients. Subjects treated with a mono
virus therapy showed greater survivability than those treated
with a UV-reovirus. A combination of reovirus and natural
killer T cells showed an even greater survivability rate. The
implementation of the reovirus before the natural killer T
cells yielded more positive results than the natural killer T
cells being added first [22].

Adenovirus-based therapies are among the most common
oncolytic therapies used when treating ovarian cancer. Their
popularity stems from the fact that treatment with them
yields a notably low incidence of adverse effects. Addition-
ally, their incredible biological plasticity allows for easy

manipulation for treatments. There are two commonly used
strategies to create conditionally replicative adenoviruses
(CRAd), which selectively replicate in and eradicate can-
cer cells. Firstly, the deletion of part of the E1A and E1B
genome sequence for CRAd. The deletion is vital because
usually, Ad5-based CRAd contains a 24-base pair muta-
tion in the E1A gene. This disrupts the Rb binding domain
and results in an E1A protein that cannot release E2F. This
causes more viral replication. The second strategy places
the adenoviral genes under the control of a tumor-specific
promoter so as to achieve selective replication in cancer cells
[23]. In general, CRAds can be employed for the eradication
of neoplastic cells and are synthesized through two distinct
methodologies.

Oncolytic adenovirus Ad5/3-E2FD24-hTNFa-IRES-hIL2
was able to change the ovarian tumor microenvironment to
increase tumor-infiltrating lymphocyte reactivity. It has had
success with the destruction of cancer cells, but the virus
could trigger antitumor immune responses [23]. There is a
bright future in the research of oncolytic viruses, especially
if it is combined with other immunotherapy strategies. One
of the most common combinations of therapies is chemo-
therapy combined with immunotherapies. Chemotherapy
can lead to the destruction of cancerous cells while creating
immunogenic molecules. It also allows for greater T-cell
recognition. In combination with immunotherapy, chemo-
therapy can act as an initial clearing force while immuno-
therapy comes in and manages the situation. Radiotherapy
is an effective way to destroy cancerous cells. In addition
to its destructive properties, it can help accelerate T-cell
arrival to tumor cells. In combination with immunotherapy,
radiotherapy acts as a catalyst for cancerous cell locating
and promotes the therapeutic effects of immunotherapy [24].

Dendritic cells

Dendritic cells (DCs) originate from CD34 + hematopoi-
etic stem cells residing in the bone marrow, undergo dif-
ferentiation into diverse subtypes within peripheral blood
and nonlymphoid tissues, and culminate in maturation pro-
cesses occurring within lymphoid organs. The migratory
behavior of immature DCs is elicited by the up regulation
of chemokine receptors, specifically CCR7 and CCR8, guid-
ing their trajectory toward lymph nodes under the influence
of chemokine ligands CCL19 and CCL21. Subsequently,
within lymph nodes, these immature DCs undergo a matu-
ration process marked by elevated expression of major his-
tocompatibility complex (MHC) class I and II molecules,
costimulatory molecules, and adhesion molecules. Mature
DCs, having achieved this heightened state of maturation,
proceed to activate CD4+T cells and CD8 + T cells at
the tumor site, initiating a subsequent migration to lym-
phoid organs with the objective of establishing enduring
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immune memory. DC therapy requires three steps: taking
DCs through apheresis, changing the autologous DCs into
a mature state by using activators like cytokine mixtures
and toll-like receptors, and treating the immature DCs with
tumor-associated antigens. The mature DCs are then rein-
jected back into the patient [25]. DC therapy has been widely
studied in many cancers, but it has limited testing when it
comes to ovarian cancer [26]. The use of dendritic cells can
help boost CD4 +and CDS8 + cell response to prevent the
extra formation of Wilms tumor protein 1 (WT1), a pro-
tein found in the kidneys that correlate to higher grading of
tumors in and around the ovaries. In a trial, seventy percent
of the patients with the WT1 protein saw significant tumor
shrinkage. Additionally, all adverse effects were grade 1 or
2, so the treatment is deemed to be safe [27].

Cancer vaccines

Cancer vaccines are different from typical vaccines. Instead
of preventing cancer, they aim to use the immune system
to fight cancer instead. The vaccines are divided into four
categories based on their preparation methods. Cell-based
vaccines use whole cells as antigen carriers and are the pri-
mary form of cancer vaccines. Peptide-based vaccines are
composed of tumor antigen epitopes that are known or pre-
dicted. The final category is nucleic acid vaccines. There
are two sub-categories, one with DNA and the other with
RNA [28]. DNA cancer vaccines are designed to deliver
genes that encode tumor antigens. Doing so will augment
the antigen-specific immune response, halting tumor initia-
tion, progression, and metastasis. mRNA vaccines are made
in vitro, meaning in a test tube in a lab, and encoded for
antigens to stimulate an immune response [29].

Autologous vaccines have also been used to combat ovar-
ian cancer. The idea is to have the vaccine fight the tumor
cells while also decreasing tumor cell evasion. In six late-
stage ovarian cancer patients that were resistant to chemo-
therapy, Ipilimumab, an anti-CTLA4 antibody, was used.
Treatment was followed by surgery, and ex vivo expanded
autologous TILs, IL-2, and nivolumab, an anti-PD-1 anti-
body. The results yielded an increase in CD8 + T cell activ-
ity. Another autologous vaccine that has been used is Vigil,
which has been tested as a late-stage ovarian cancer treat-
ment. Vigil educates T-cells to the relevant clonal tumor
neoantigens and increases peripheral circulating CD3 +/
CD8 + T-cells in combination with ICIs [27]. Vigil is seen
as being a safe and promising prospect.

Cytokine therapy
Cytokine therapy uses cytokines, which are small signal pro-

teins that use receptors to activate distinct kinases to modu-
late immune responses. Like other immunotherapies, this
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one has its flaws. The major downside is that cytokines are
toxic and lack efficacy. This is due to the cytokine pleiotropy
and off-target activation of cells. Advances in protein engi-
neering and protein-polymer technology have been made
to eliminate the flaws in immunotherapy. This leads to the
creation of more specific cell targeting and a longer half-
life [30]. The potential of cytokine therapy comes from the
identification of interleukin 2 (IL-2). IL-2 has the ability to
expand T cells in vivo and in vitro. Doing so will express
immune stimulation properties. This could lead to regres-
sions in cancers of patients with metastatic cancer [17, 31].
Interleukins have been a pivotal cytokine group that has led
to many advancements in treatment options over the years.

IL-1

Interleukin 1 has been identified as a potential therapeutic
treatment for Chemotherapy-Induced Thrombocytopenia.
Interleukin 1, a versatile cytokine, exists in at least two
forms: IL-1a and IL-1p. Despite their biochemical differ-
ences, both forms bind to the same cellular receptors and
have identical broad-ranging biological effects, including
metabolic, inflammatory, and immunologic actions [32].
Additionally, IL-1 plays a crucial role in regulating hemat-
opoiesis by stimulating the production of diverse hemat-
opoietic growth factors and other cytokines. It synergisti-
cally works with these factors and cytokines to enhance
the hematopoietic response [33, 34]. Numerous studies
conducted on normal and myelosuppressed animal mod-
els have demonstrated the in vivo hematopoietic effects of
IL-1. It has been observed to protect mice from lethal radia-
tion and expedite the recovery of granulocytes and platelets
after treatment with various chemotherapeutic agents in both
murine and nonhuman primate models [35-38]. A study was
performed a number of years ago on the basis of these obser-
vations. The study was initiated to evaluate the tolerance and
myeloprotective effects of IL-1a. The study was carried out
on participants receiving chemotherapy for ovarian carci-
noma. The aim of the study was to identify the therapeutic
potentials of IL-1a to attenuate thrombocytopenia without
compromising the doses of carboplatin for multiple cycles.
The study concluded that IL-1a significantly enhanced the
rate of platelet recovery [39, 40]. There has been little to no
research or studies performed on the therapeutic potentials
of IL-1 since this study. More research needs to be done
before IL-1a can be a definitive treatment.

IL-2

Interleukin studies have recently uncovered IL-2 as a prom-
ising T-cell growth factor believed to be important in antitu-
mor immunity [41, 42]. IL-2 is pivotal for the generation and
regulation of the immune response. The activities of IL-2 are
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diverse, affecting both cell-mediated and humoral immunity.
It enhances T cell proliferation, augments the production of
cytotoxic T lymphocytes, and triggers the activation of T
and B cells. Furthermore, IL-2 promotes tumoricidal activity
in natural killer (NK) cells [42, 43]. IL-2 may also act as a
chemoattractant for eosinophils (Eos), which can express the
IL-2 receptor. Although studies correlating Eos with clinical
response or survival in ovarian cancer diagnosis are limited,
studies on colorectal and lung cancer have shown that blood
or tissue eosinophilia has a strong correlation to a signifi-
cantly better prognosis [44—46].

IL-4

Although clinical trials for interleukin 4 are fairly new for
ovarian cancer, IL-4 has shown some promising results. IL.-4
has been shown to cause inhibition of cancer cell growth
in vitro. To express this property further, a fusion protein,
IL-4 cytotoxin was developed. Its composition is made up
of a mutated form of Pseudomonas exotoxin, and a circula-
tory permeated IL-4. [L-4 cytotoxin searches for IL-4 recep-
tors, IL-4R, to prevent protein synthesis, causing cell death.
Only two ovarian cancer cell lines are known to express the
IL-4R, PA-1, and IGROV-1. Normal ovary cells, however,
do not express the IL-4R, causing the IL-4 cytotoxin to only
target the ovarian cancer cells. This shows very promising
results to treat future ovarian cancer patients since ovarian
cancer cells can be targeted in vitro and in vivo [47, 48].

IL-9

Interleukin 9 shows great promise in finding a cure for ovar-
ian cancer. IL-9 was originally identified as a T cell growth
factor and was shown to have a proliferative effect on Hodg-
kin and was able to diffuse large B cell lymphoma due to
its lymphocyte growth factor abilities. IL-9 can decrease
the survival rate of tumor cells and can promote anti-tumor
immunity by activating mast cells and bringing more den-
dritic cells to tumor sites. In a test, A2780 ovarian cancer
cells, that were grown to 70% confluence, were treated with
IL-9 and monitored with the Clonogenic Survival and Quick
Proliferation Assay. The tests showed a significant effect on
tumor cells when compared to the control. Ovarian cancer
cell colony numbers decreased from 100 +20 to 9 +3%.
[3.1] This points to the great potential IL-9 can have as an
anti-tumor growth agent for ovarian cancer [49].

IL-12

Macrophages and dendritic cells are responsible for the
production of IL-12, which supports their pro-inflamma-
tory and pro-immunogenic functions. In various models
of solid tissue tumors, IL-12 has demonstrated the ability

to encourage antitumor reactions. When IL-12 is injected
directly into subcutaneous tumors encapsulated in polymeric
microspheres, a potent NK and cytotoxic T cell response to
the tumor and its metastasis results. The extensive evidence
indicates that IL-12 is a promising candidate for ovarian
cancer immunotherapy [50]. Studies have demonstrated that
IL-12 upregulates B7-H1 in mice with experimental auto-
immune encephalomyelitis (EAE) [51]. In a recent study
carried out to identify the role of IL-12 in regulating B7-H1
expression, it was concluded that IL.-12 therapy resulted in
an elevation of B7-H1 expression in monocyte-derived mac-
rophages associated with the disease while simultaneously
causing a reduction in B7-H1 expression in THP-1-derived
macrophages associated with ovarian cancer [52].

IL-13

According to recent studies, heightened levels of IL-13
expression have been observed in primary and metastatic
ovarian tumors when compared to the normal ovary [53].
IL-13 has been identified as a potential diagnostic marker, a
monitor of tumor response, and a potential target for therapy.
Recent research has demonstrated the potent cytotoxicity
of IL-13 cytotoxin toward human tumor cells expressing
IL-13Ra2. These tumor cells include those derived from
glioblastoma, head and neck carcinoma, renal cell carci-
noma, and AIDS-associated Kaposi sarcoma [54]. Further-
more, IL-13 cytotoxin has exhibited remarkable effective-
ness in inducing antitumor activity in various animal models
of human tumors [54, 55]. In contrast, normal cells lack-
ing or expressing low levels of this receptor chain are not
affected by IL-13 cytotoxin’s cytotoxic effects. These find-
ings have led to the initiation of several Phase I/II clinical
trials utilizing IL-13 cytotoxin for patients with recurrent
malignant glioma. Completed trials have shown that IL-13
cytotoxin, up to a concentration of 0.5 pg/mL, is excep-
tionally well tolerated without any signs of toxicity [56].
Because of IL-13’s success in brain tumor identification and
treatment, a study was carried out on ovarian cancer patients
to identify the usefulness and potential of IL-13 in ovarian
cancer [56, 57]. The study concluded that IL-13Ra2 holds
promise as a diagnostic indicator for detecting ovarian can-
cer, monitoring tumor response, and serving as a therapeutic
target. The impressive antitumor activity demonstrated in
animal models through the intraperitoneal administration of
IL-13 cytotoxin suggests its potential as a valuable agent in
the treatment of ovarian cancer [56].

IL-15
IL-15 plays a vital role in the survival, proliferation, and

effector function of NK cells as well as CD8+T Cells.
Through a process known as IL-15 trans-presentation,
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endogenous IL-15 forms a natural complex by binding to
IL-15Ra, which subsequently binds to IL-2/15Rp/yChain
on NK cells and CD8 +T cells [58, 59]. In a recent study,
N-803, an IL-15-based compound, dramatically improved
NK cell-based cancer immunotherapy. IL-15 had previously
been shown to have a short half-life leading to a reduction
in the effectiveness of the NK cells. Compared to IL-15,
N-803 exhibits over a 25-fold increase in biological activity
as measured by the proliferation of 32D cells, as well as
a more than 35-fold increase in half-life. Overall, the study
concluded that N-803 effectively mediated an anti-ovarian
cancer effect [59]. Furthermore, a different study concluded
that IL-15 is absolutely essential for CD8+ T cell responses
in ovarian tumors [60].

IL-18

Interleukin studies have recently uncovered IL-18 as a prom-
ising T-cell growth factor believed to be important in antitu-
mor immunity [41, 42]. IL-18 is a cytokine that stimulates
the production of T-helper cell (TH1)-type cytokines and
chemokines like IFN-y and CXCL10, thereby enhancing cel-
lular immunity. In addition, it activates key immune effector
cells like NK cells and T lymphocytes and promotes the
infiltration of these cells in tumors in preclinical models.
Moreover, IL-18 encourages the differentiation of CD4 + T
lymphocytes into TH1 cells and triggers the development
of memory-cytotoxic CD8+ T lymphocytes. Addition-
ally, IL-18 increases the expression of Fas ligand (FasL)
on NK and T cells, potentially boosting antitumor activ-
ity [46, 61-64]. When IL-18 was combined with pegylated
liposomal doxorubicin (PLD), a type of chemotherapy that
is a standard treatment option for patients with platinum-
resistant ovarian cancer, there was a significant reduction
of tumor growth, augmented OS rate, and they generated
long-term protective immunity [46, 61, 62].

IL-20

IL-20RA has been identified as a potent inhibitor of ovarian
cancer trans-coelomic metastasis. It is primarily expressed in
epithelial cells and acts as a functional receptor when com-
bined with IL-20RB, forming a heterodimer. This receptor
binds to IL-20 subfamily cytokines, namely IL-19, IL-20,
and IL-24, which are produced by immune cells. These
cytokines play crucial roles in regulating innate immunity
and tissue repair in epithelial cells [65]. Notably, IL-20RA
and IL-20RB have also been found in tumors originating
from epithelial tissues, such as breast cancer, non-small-
cell lung cancer, and bladder cancer [66]. There have been
conflicting studies performed on the treatment potentials of
IL-20, specifically IL-20RA and IL-20RB, and more work
needs to be done. There is some conclusive data that shows
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that IL-20RA can reactivate the production of mature IL-18
which is important for anti-tumor immunity [66].

IL-24

Melanoma differentiation-associated gene-7 (mda-7) is an
innovative tumor suppressor gene with various functions.
It triggers apoptosis in cancer cells through multiple apop-
totic pathways while sparing normal melanocytes, endothe-
lial cells, mammary and prostate epithelial cells, and skin
fibroblasts. Additionally, it possesses anti-angiogenic and
immunostimulatory properties and has been identified as
IL-24 due to its immunostimulatory functions [67-70]. Two
different studies have shown IL-24’s potential as a treat-
ment for ovarian cancer. The first study assessed the impact
of mda-7 as a tumor cell killer. The study concluded that
mda-7 significantly improved the prognosis of ovarian can-
cer patients through its tumor cell-killing capabilities [71].
The other study concluded that treatment with IL-24 led to
the growth inhibition of ovarian cancer. IL-24 was shown
to prevent the transition of ovarian cancer cells to the G1
and G2 phases [72]. Overall, IL-24 needs to be researched
further before it can be effectively administered clinically;
however, it shows huge potential as a gene therapy treatment.

IL-33

IL-33 has had some promising results in very recent stud-
ies that have led researchers to suggest IL-33 has a poten-
tial treatment for ovarian cancer. IL-33 primarily partici-
pates in type-2 immunity and inflammation as a cytokine.
Its impact on both innate and adaptive cells, such as innate
lymphoid cell-2 (ILC2), T helper 2 (Th2) cells, and alter-
natively activated M2 polarized macrophages, aligns with
this overarching role [73]. Several studies have investi-
gated the involvement of IL-33 in antitumor immune
responses during cancer progression, but the findings have
been inconsistent. In one study, IL.-33 was found to be a
key mediator in inflammation-related pancreatic carcino-
genesis by upregulating the secretion of pro-inflammatory
cytokines IL-6 and IL-8 [74]. Transgenic IL-33 was also
shown to activate CD8 T and NK cells, resulting in the
inhibition of tumor growth and metastasis in animal mod-
els of melanoma and lung carcinoma [75]. However, other
reports suggested that IL-33 promoted type-2 immune
responses and consequently suppressed NK cell activities,
accelerating cancer progression in tumor-bearing animals
[76, 77]. The discrepancy between these results could be
attributed to variations in microenvironments during can-
cer development, and IL-33 might have specific antitumor
immune responses in different types of cancer. Chronic
inflammation is implicated in the progression of ovarian
cancer, but whether IL-33 influences the development of
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Table 1 Immunotherapy treatments discussed in paper

Treatment Type of immunotherapy Outcome References
CTLA-4 Immune checkpoints |CTLA-4— 1T-Cells — | Ovarian Cancer [12,13]
PD-1/PD-L1 Immune checkpoints |PD-1—1T-Cells — | Ovarian Cancer [12,13]
CAR-T cells T-cell therapy TCAR-T cells — |Ovarian Cancer [10]
TCR T-cell therapy 1TCR — |Ovarian Cancer [10]
anti-CD47 w/IgG1 +1gG4 scaffold Oncolytic virus tanti-CD47 — | CD47 — macrophage phagocyto- [21]
sis — | Ovarian Cancer
Reovirus + natural killer T-cells Oncolytic virus /'Reovirus + 1NK — 1ID8 — | Ovarian Cancer [22]
Ad5-based CRAd Oncolytic virus /"Ad5-based CRAd — cell death+1CD8 + — |Ovarian
Cancer
DC Dendritic cells 1DC — 1IL-12 + 1CD8 + + 1T-Cells — |Ovarian Cancer [27, 38]
Cell-based vaccines Cancer vaccines /'Cell-based vaccines — tDC+ 1T-cells — | Ovarian [28]
Cancer
Peptide-based vaccines Cancer vaccines /' Peptide-based vac- [28]
cines — 1T-Cells — 1CD8 + + 1CD4 + — |Ovarian
Cancer
Nucleic acid vaccines—DNA Cancer vaccines /"Nucleic acid vaccines— [28]
DNA — 1CD8+ + 1CD4 + <> MHC-I+ MHC-
II— |Ovarian Cancer
Nucleic acid vaccines—RNA Cancer vaccines /'Nucleic acid vaccines—RNA <> other thera- [28]
pies — |Ovarian Cancer
Ipilimumab Autologous-cancer vaccines /Ipilimumab + 1IL-2 4+ fanti-PD-1 — fanti- [27]
CTLA4— 1CD8+ — |Ovarian Cancer
Vigil Autologous-cancer vaccines ,'Vigil— 1T-Cells+1CD3 4 /CD8+ — |Ovarian [27]
Cancer
IL-1o/IL-1pB Cytokine Therapy TIL-1o— Themopoiesis — | toxicity [32-40]
IL-2 Cytokine Therapy 1IL-2— 1T-Cells + 1B-Cells + {NK — |Ovarian Cancer [41-43]
IL-4 Cytokine Therapy tIL-4 — |IL-1+ |IL-6 + | TNF-alpha— |Ovarian [47, 48]
Cancer
tIL-4 — |IL-4R + |PA-1+ | IGROV-1— |Ovarian
Cancer
1L-9 Cytokine Therapy 1IL-9 — 1T-cells + 1DCs + tMast-cells — | Ovarian [49]
Cancer
IL-12 Cytokine Therapy 1IL-12— tNK+1T-Cells+ 1B7-H1 — | Ovarian Cancer [50-52]
IL-13 Cytokine Therapy 1IL-13 — fantitumor activity — |Ovarian Cancer [56, 57]
IL-15 Cytokine Therapy TIL-15— tNK+1CD8 + — |Ovarian Cancer [58-60]
IL-18 Cytokine Therapy TIL-18 — tFasL — 1T-Cells+1TH1 4+ {NK — |Ovarian  [41, 42, 46, 61-64]
Cancer
IL-20RA +IL-20RB Cytokine Therapy TIL-20RA +IL-20RB — |metastases + TIL-18 — |Ovar-  [66]
ian Cancer
mda-7/IL-24 Cytokine Therapy 11IL-24 — tapoptosis — |Ovarian Cancer [71]
11L-24 — |angiogenesis — |Ovarian Cancer
1IL-24 — tNK — |Ovarian Cancer
1L-33 Cytokine Therapy 1IL-33 — 1T-Cells + 1NK Cells + 1IL-12 — |Ovarian [73-79]

Cancer
OR
|IL-33 — tFas+ {TRAILR1 — |Ovarian Cancer

/" Treatment with, 1: promotion, upregulation, or increase, |: inhibition, downregulation, or decrease,— : leads to or results in,+: combined

with or in addition to, <> : mediated

EOC by modulating the immune system is unknown and
requires further investigation [78]. Finally, a very recent
study conducted showed that IL-33 had a tendency to pro-
mote tumor growth and hinder apoptosis in ovarian cancer

cells. This pro-tumor effect is believed to be caused by
a decrease in p27, Fas, and TRAILR1 expression levels,
among other potential molecular mechanisms. Based on
the findings, it can be concluded that blocking the IL-33/
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Fig. 1 Six immunotherapy treatments for ovarian cancer in the review

ST2 signaling pathway and its associated effects could be
a promising therapeutic approach for ovarian cancer treat-
ment [79]. Overall, IL-33 has some promising outlooks as
a potential treatment option for ovarian cancer. However,
the potential is controversial and requires further extensive
research before it can be used clinically.

Conclusion

Despite numerous advances in the current treatment of
ovarian cancer, there is still a significant challenge for phy-
sicians to improve the prognosis for ovarian cancer. The
current research with immune checkpoints, adoptive T-cell
therapy, oncolytic viruses, dendritic cells, cancer vaccines,
and cytokines have shown very promising avenues for the
present and future of ovarian cancer treatment (Table 1 and
Fig. 1). Many of the immunotherapies listed above are cur-
rently in use for the treatment of ovarian cancer with suc-
cess. Immune checkpoints and adoptive T-cell therapy are
two of the most widely used treatments today. Furthermore,
utilizing a combination of the immunotherapies discussed
in this paper for treatment may yield novel solutions to dif-
ferent complications that ovarian cancer presents. Ongoing
advancements and growing enthusiasm for immunotherapy
are expected to enhance the comprehension and management
of ovarian cancer. The encouraging outcomes of immuno-
therapy in treating ovarian cancer hold promise for provid-
ing viable treatment options and improving the prognosis
of patients with ovarian cancer. Sustained investigation and

@ Springer

interest in immunotherapies are anticipated to yield favora-
ble results for individuals with ovarian cancer.
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