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ABSTRACT: Ovarian cancer (OC) remains the most lethal gynecological malignancy, and it is characterized by
high heterogeneity, early metastatic dissemination, and frequent recurrence within 12–18 months after primary
therapy. Despite progress in clinical management and drug development, the mortality rate remains high, and the
biological drivers of OC aggressiveness are not fully understood. A major contributor to therapeutic resistance and
disease progression is the ovarian tumor microenvironment (TME), which supports tumor growth and immune
evasion. Its complexity poses significant challenges to the development of effective therapies. Current treatments,
especially in advanced or recurrent stages, have limited efficacy. While immune checkpoint inhibitors (ICIs), such
as anti-programmed death receptor (PD-1) and anti-programmed death ligand-1 (PD-L1) monoclonal antibodies,
have revolutionized the treatment landscape of several solid tumors, their effectiveness in OC remains modest due
to the non-inflamed, immunosuppressive nature of the disease. This highlights the need for alternative, more robust
immunotherapeutic strategies. Invariant natural killer T (iNKT) cells engineered with chimeric antigen receptors
(CARs) or T cell receptors (TCRs) are emerging as powerful candidates for next-generation adoptive cell therapies. This
study aims to evaluate the therapeutic potential of iNKT cells in OC and to discuss their capacity to overcome immune
resistance within the TME as a promising approach for next-generation immunotherapy. These dual-specific effector
cells combine innate and adaptive properties, offering advantages such as human leukocyte antigen (HLA)-independent
tumor recognition, natural tumor site homing, and the ability to modulate immunosuppressive TME. Preclinical studies
have demonstrated their potential to overcome immune resistance and enhance antitumor responses in solid tumors,
including OC. Altogether, iNKT-based therapies represent a promising and versatile platform to address the urgent
need for more effective treatments for ovarian cancer.
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1 Ovarian Cancer as a Silent Killer of Women
Ovarian cancer (OC) is considered to be the third most common and the most fatal malignancy of the

female reproductive tract. According to data published by the World Health Organization (WHO) in 2022,
as many as 324,603 women were diagnosed with the disease, and 206,956 died as a result of OC [1]. The
prognosis for the next twenty years is pessimistic. According to WHO predictions, the estimated number
of new OC cases in 2045 will total 476,893 and 645,373 deaths [1]. The estimated numbers of new cases and
deaths associated with OC are presented in Fig. 1.

At the early stages, the disease is asymptomatic or has vague symptoms, thus OC is mostly diagnosed
at advanced stages (approximately 70% of cases). Nonspecific symptoms include, among others, dyspeptic
manifestations, changes in bowel movement and urinary frequency, abdominal pain, and bloating. Most
patients with OC report having experienced above mentioned symptoms before diagnosis, but due to

Copyright © 2026 The Authors. Published by Tech Science Press.
This work is licensed under a Creative Commons Attribution 4.0 International License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://www.techscience.com/journal/BIOCELL
https://www.techscience.com/
https://doi.org/10.32604/biocell.2025.072104
https://www.techscience.com/doi/10.32604/biocell.2025.072104
mailto:pawlowska-lachut@umlub.edu.pl


2 BIOCELL. 2026;50(4):2

their commonness, healthcare providers often do not investigate their underlying cause. Therefore, OC
often remains undiagnosed until advanced stages (III and IV according to the International Federation of
Gynecology and Obstetrics [FIGO]) [2,3].

Figure 1: The estimated numbers of new cases (a) and deaths (b) associated with ovarian cancer (OC) [1]

The prognosis for women with OC is worrisome, and the five-year survival rate is only 47% [4]. Despite
that the rate for patients with early disease (I FIGO stage) is 90%, it drops precipitously to 25% when
metastases occur [2]. Standard management of OC involves cytoreductive surgery followed by platinum-
based chemotherapy. Although over 80% of patients initially achieve remission and subsequent treatments
are often ineffective due to drug resistance. Platinum-resistant disease remains particularly difficult to
treat, with limited therapeutic options and poor survival outcomes. Therefore, developing new strategies
to overcome resistance and improve patient prognosis has become a major research priority. Advances in
molecular profiling have deepened our understanding of OC biology, leading to the emergence of targeted
therapies designed to enhance efficacy and reduce toxicity by selectively interfering with key pathways
driving tumor growth and progression [5].

The advances in treatment of OC include combining the standard therapy, i.e., platinum and taxane-
based chemotherapy and primary debulking surgery, with biological drugs [6,7]. Targeted therapies aim to
inhibit tumor growth by interfering with specific molecular or metabolic pathways and represent a major
focus of OC research. Key approaches include antiangiogenic agents that block tumor blood vessel formation,
thereby restricting tumor expansion, though resistance remains a challenge. Poly(ADP-ribose) polymerase
inhibitor (PARPi) exploits defects in DNA repair, particularly in breast cancer susceptibility gene (BRCA)
1/2-mutated or homologous recombination-deficient tumors by inducing synthetic lethality. Agents like ola-
parib, niraparib, and rucaparib have shown strong clinical benefits, especially in recurrent OC, and continue
to be a major research focus [5]. In 2014, the Food and Drug Administration (FDA) approved PARPi, i.e.,
olaparib, followed by the approval of vascular endothelial growth factor inhibitor (VEGFi) bevacizumab in
OC treatment. Moreover, in 2020, the FDA approved their combination in the treatment of OC patients with
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BRCA mutations [8]. To date, the diagnosis of the disease mainly relies on laparoscopy, measurement of
CA-125 concentration in serum, and diagnostic imaging [2,9,10]. Selected drugs approved by the FDA for
the treatment of OC are presented in Table 1.

Table 1: Selected FDA-approved drugs in the treatment of ovarian cancer (OC). Formulated based on: [11,12]

Generic drug Drug brand Type Indications

Olaparib Lynparza
Poly (ADP-ribose)

polymerase
inhibitor (PARPi)

First-line maintenance of homologous
recombination deficiency (HRD) positive

advanced ovarian cancer (OC); First
line/maintenance of recurrent or germline

BRCA-mutated advanced OC

Niraparib Zejula PARPi First line maintenance of advanced OC;
Maintenance of recurrent OC

Rucaparib Rubraca PARPi Deleterious BRCA-mutated recurrent OC

Bevacizumab

Avastin,
Vegzelma,

Mvasi,
Zirabev,
Alymsys

Vascular
endothelial growth

factor inhibitor

Recurrent OC (platinum-resistant/sensitive);
FIGO III or IV after initial surgical resection

Cisplatin N/A Alkylating agent Metastatic OC
Cyclophosphamide N/A Alkylating agent Ovary adenocarcinoma

Carboplatin N/A Alkylating agent Advanced (previously untreated) or
recurrent OC

Thiotepa N/A Alkylating agent Ovary adenocarcinoma

Paclitaxel N/A Antimicrotubule
drug Previously untreated/treated OC

Liposomal
doxorubicin Doxil Cytotoxic drug After failure of platinum-based

chemotherapy (progressed or recurred)

Gemcitabine N/A Antimetabolite
drug

In combination with carboplatin advanced
OC (relapsed ≥6 months after

platinum-based therapy)

Mirvetuximab;
soravtansine-gynx Elahere

Antibody-drug
conjugated

folate-receptor
alpha

Folate receptor-alpha positive OC

Note: Abbreviation: BRCA: Breast Cancer Susceptibility Gene; N/A: Not Applicable.

2 Characteristics of Ovarian Cancer Microenvironment
Interactions within the tumor microenvironment (TME) are potential targets for the development of

novel and effective therapies for OC patients [13–15]. Signals from the TME, such as cytokines, microRNAs
(miRNAs), chemokines, influence host immune cells, leading to alterations in their immunophenotype and
consequently modulating their functions. The ovarian TME represents a strong and dynamic immunosup-
pressive niche consists of cellular (i.e., regulatory T cells (Tregs), invariant natural killer T (iNKT) cells,
natural killer (NK) cells, natural killer T (NKT) cells, dendritic cells (DCs), myeloid-derived suppressive cells
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(MDSCs), endothelial cells, cancer-associated fibroblasts (CAFs), tumor-associated macrophages (TAMs),
adipocytes), as well as non-cellular components (cytokines, extracellular matrix (ECM), blood and lymph
vessels) [16–19]. The interplay between these components, acidity, hypoxia, and pathological angiogenesis,
and danger-associated molecular patterns (DAMPs) released via tumor cells, leads to recruitment of
immunosuppressive subpopulations of host immune cells. To initiate an antitumor response, NK cells, B cells,
cluster of differentiation 3 (CD3+), CD4+, CD8+ tumor-infiltrating T cells (TILs), DCs, and macrophages
are attracted. Nevertheless, OC cells may evade elimination via immunoediting even in a proinflammatory
ecosystem [20]. It is well known that immune checkpoints (ICPs), including programmed cell death
pathway, exert inhibitory impact on effector immune cells such as T cells and NK cells [15,21–24]. The
interactions between iNKT cells and the ovarian tumor within the TME appear particularly intriguing. This
subpopulation has been shown to engage in crosstalk with both the TME and cancer cells simultaneously,
acting through diverse molecular mechanisms [16].

A unique characteristic feature of the OC microenvironment is its distinctly immunosuppressive
nature, which classifies it as a “cold” tumor. “Hot” and “cold” tumors differ in their immune activity.
While “hot” tumors exhibit strong immune infiltration, efficient antigen presentation, and active cytotoxic
T cell responses, “cold” tumors are defined by weak immune cell infiltration, poor antigen presentation,
and a suppressive immune milieu. In the case of OC, this “cold” phenotype is reflected by low levels of
CD8+ and activated CD4+ T cells that promote peritoneal dissemination, and an increased presence of
Tregs. Researchers have further distinguished two immunologically “cold” patterns in OC: ovarian lesions
with scarce but dysfunctional cell infiltration dominated by Tregs, and omental lesions infiltrated mainly
by non-tumor-specific bystander immune cells. Notably, while “hot” tumors tend to respond favorably
to chemotherapy, patients with “cold” ovarian tumors show improved outcomes when treated with a
combination of chemotherapy and dendritic cell-based vaccines, which enhance the tumor’s immuno-
genic potential [20,25]. What is more, in the ovarian TME, extensive hypoxia not only stimulates the
secretion of pro-angiogenic factors but also promotes the accumulation of Tregs. These cells play multiple
immunosuppressive roles, including limiting lymphocyte infiltration, impairing the maturation of antigen-
presenting cells (APCs) necessary for T cell activation, and supporting the development of tumor-associated
macrophages (TAMs) [20].

Thus, the objective of this study is to explore the therapeutic potential of iNKT cells in the treatment
of ovarian cancer. Specifically, we aimed to assess how iNKT cell-based immunotherapies, including those
utilizing chimeric antigen receptor (CAR) or T cell receptor (TCR) engineering, could overcome the
immunosuppressive TME and enhance antitumor immune responses. By summarizing current knowledge,
preclinical, and clinical findings, this work seeks to provide a comprehensive overview of the rationale and
perspectives for developing iNKT cell-based strategies as a next-generation immunotherapy for OC.

3 Methodology
A comprehensive literature search was conducted to identify relevant studies on iNKT cells and their

therapeutic potential in ovarian cancer. The search was performed in PubMed and Scopus, databases for
articles published between 2000 and 2025, with a particular focus on studies from the last five years. The
following keywords and their combinations were used: “ovarian cancer,” “iNKT cells,” “immunotherapy,”
“chimeric antigen receptor invariant natural killer T (CAR-iNKT)”, “T cell receptor invariant natural killer
T (TCR-iNKT)”, and “tumor microenvironment.”

The analysis included original experimental and clinical studies investigating iNKT cells or iNKT-based
immunotherapies in cancer, as well as studies providing mechanistic or translational insights into the role of
iNKT cells within the TME. Relevant review articles summarizing current knowledge and recent advances in
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this field were also considered. We excluded publications not written in English, studies unrelated to cancer
or lacking relevance to immunotherapy, and conference abstracts or papers without accessible full text.

4 Challenges in OC Treatment
In spite of increasing awareness of OC, including initiatives such as World Ovarian Cancer Day

(observed on May 8) and implementation of novel drugs, the survival trends of OC patients have not altered
significantly. This poor outcome results from an asymptomatic course of the disease, the lack of screening
tools, as well as the absence of reliable markers to distinguish malignant from benign ovarian tumors [2,26].
It should be highlighted implementation of effective treatment for OC patients is challenging due to the high
heterogeneity of the disease, including molecular, genetic, and immunological aspects [26]. Another problem
in OC treatment is the relapsing nature of the disease [27]. Approximately 70% of patients with advanced
stages of OC (III and IV FIGO) experience recurrence within 12–18 months after primary treatment, and the
malignancy shows reduced sensitivity to platinum-based agents [28–32]. Therefore, there is an urgent need
to develop new diagnostic strategies, identify biomarkers capable of distinguishing benign ovarian tumors
from malignant ones, and finally, implement novel, targeted therapies that will be beneficial for OC patients
regardless of the stage of the disease.

Implementation of ICPs inhibitors (ICIs) appears to be a breakthrough approach in OC treatment.
Nonetheless, the response rate for programmed death receptor-1 (PD-1)/programmed death ligand-1
(PD-L1) inhibitors is low to moderate and totals 6%–15% [26]. ICIs restore T cell-mediated antitumor activity
by blocking PD-1/PD-L1 signaling, but their efficacy as monotherapy is modest, prompting investigation
into combination strategies [5]. Pembrolizumab, an anti-PD-1 monoclonal antibody (mAbs), blocks the
PD-1/PD-L1 interaction, thereby sustaining T cell activity and promoting tumor cell apoptosis. Owing to its
proven antitumor efficacy in cancers such as melanoma [33], lung [34], and renal carcinoma [35], it has been
explored in OC. Early clinical trials with PD-1 inhibitors like nivolumab and pembrolizumab demonstrated
modest response rates, with some complete responses observed in PD-L1 positive patients [5,36]. Notably,
higher PD-L1 expression correlated with better outcomes. Nevertheless, the overall therapeutic benefit of
pembrolizumab in OC remains limited. This reduced efficacy is attributed to the immunosuppressive TME,
where dysfunctional immune cell infiltration impairs T cell activity. Moreover, PD-L1 expression alone
does not reliably predict clinical response. Some PD-L1 positive patients fail to respond, while certain
PD-L1 negative cases benefit, indicating that additional biomarkers and combination strategies are needed
to enhance immunotherapy outcomes in OC [5].

Although OC cells have been shown to express other ICPs, such as cytotoxic T lymphocyte associated
protein 4 (CTLA-4), and higher levels of tumor-infiltrating lymphocytes correlate with improved patient
survival, clinical trials of ICPs in OC have so far produced limited efficacy. To date, no ICIs have been
approved by the FDA for the treatment of OC [37]. Among the factors contributing to resistance to ICIs in
OC are a network of miRNAs that have an impact on ICPs pathways, heterogeneity of the disease, low to
moderate density of TILs, as well as cellular and non-cellular interactions in ovarian TME [22,38–41]. What
is more, OC is marked by reduced tumor mutation burden and low microsatellite instability [42,43]. It is
well known that immunotherapies based on ICIs are mostly beneficial in tumors that exhibit a high level of
both these indicators [44]. Our previous work provides a detailed discussion of the mechanisms underlying
resistance to immunotherapy in the treatment of ovarian cancer [45].

Another challenge in the implementation of ICIs in the treatment of OC is hyper- and pseudo-
progression. Hyperprogression is a phenomenon characterized by accelerated tumor growth following
immunotherapy and is considered a potential adverse effect of this treatment. It should be stressed that
patients who experience hyperprogressive disease (HPD) show worse survival [46–49]. Boland et al. [50] in
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their retrospective study showed that 51.6% (n = 46) OC patients from the cohort (n = 89) experienced HPD
after ICIs treatment. Radiographic and clinical disease progression led to termination of treatment within
≤12 weeks [50]. Although several factors are considered potential risk factors for HPD, including age >65
years [51], female gender [15], multiple metastases sites [52,53], the current evidence remains inconclusive.
To date, no reliable clinical predictors have been identified to predict HPD.

Another crucial phenomenon following ICIs treatment is pseudoprogression, which initially appears
as a disease progression but, in contrast to HPD, it is followed by a subsequent positive objective response.
Pseudoprogression results in the emergence of new lesions and an apparent increase in tumor burden via
T cell recruitment to the tumor as a result of ICIs implementation. Thus, tumor size appears increased
due to the presence of infiltrating T cells, rather than an actual increase in malignant cell burden [54].
Nevertheless, in case of pseudoprogression, the treatment should be continued [54]. The causes of pseudo-
progression are still poorly understood. The phenomenon was described in several malignancies, including
melanoma [55–57], non-small cell lung cancer (NSCLC), renal carcinoma [58], as well as OC [59,60].
Currently, pseudoprogression is identified retrospectively using imaging data and may lead to premature
termination of effective therapy [61]. Thus, it is necessary to develop biomarkers capable of distinguishing
HPD from pseudoprogression to guide clinical decisions regarding treatment continuation.

Given the complexity of OC treatment, largely due to its heterogeneous and immunosuppressive TME,
iNKT cells offer a promising immunotherapeutic approach capable of overcoming these challenges through
their unique ability to target tumors and modulate the immune landscape.

5 Characterization and Role of iNKT Cells
iNKT cells are effector cells and constitute approximately 0.01%–1% of T cells. They are considered a

subpopulation of innate-like, non-conventional T cells that have common receptors with NK cells. The term
iNKT cells is used because an invariant TCR is expressed by the majority of NKT cells [62,63]. The subset
is marked by CD1d, a molecule related to major histocompatibility complex (MHC) class I, that presents
antigens such as self-lipids, glycolipids, and microbial ones. Thus, iNKT cells and microorganisms are in
persistent crosstalk. Moreover, iNKT cells may be activated via cytokines, i.e., IL-12, as well as through toll-
like receptor (TLR), and they are predominant immune system cells that maintain homeostasis in mucosal
tissues, e.g., intestine, lungs, and induce antimicrobial immune response [64–66]. iNKT cells take part in
immune response targeted against infections by activating other immune system cells through interferon
γ (IFN-γ), and through direct cytotoxicity [64–66]. iNKT cells play a dual and powerful role in antitumor
immunity. Activated iNKT cells play a crucial role in antitumor immunity, as they are capable of eliminating
cancer cells in a CD1d-dependent manner. They recognize glycolipid antigens presented by CD1d molecules
on tumor cells, triggering direct cytotoxic responses. This ability represents a key functional feature of iNKT
cells and holds significant potential for advancing cancer immunotherapy strategies [67,68]. They not only
exert direct cytotoxic effects against tumor cells but also modulate the TME to enhance immune responses.
Upon activation, iNKT cells release large amounts of Th1 and Th2 cytokines, which help regulate the activity
of dendritic cells, NK cells, and cytotoxic T cells. They can deplete TAMs and MDSCs, thereby restoring
immune surveillance and promoting effective infiltration and function of effector immune cells [69,70].
iNKT cells also promote the activation and maturation of DCs, enhancing their ability to present antigens
and stimulate T cells. Through this interaction, iNKT cells bridge innate and adaptive immunity, ultimately
strengthening tumor-specific T cell responses [71].

This population secretes cytokines, i.e., granulocyte-macrophage colony-stimulating factor
(GM-CSF), tumor necrosis factor α (TNF-α), IFN-γ, macrophage inflammatory proteins 1α
(MIP-1α) and 1β (MIP-1β), regulated on activation normal T cell expressed and secreted (RANTES),
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eotaxin, transforming growth factor β (TGF-β), and interleukins (ILs): 2, 4, 5, 6, 10, 13, 17, and 21. Moreover,
they express surface markers such as NK1.1, CD44, and CD69 [63,72], and they can eliminate recognized
cells via Fas ligand (FasL), granzyme B, and perforin [63]. Through these combined mechanisms, iNKT
cells strengthen both innate and adaptive antitumor immunity, making them an important target in the
development of novel immunotherapeutic strategies.

Taking into account that iNKT cells coexpress TCR as well as NK receptors and cytokine receptors, their
mode of action is far more rapid in response to cytokines or TCR signals via releasing cytokines and enhanc-
ing the adaptive immune response enhancement. iNKT cells are localized in peripheral tissues, where they
often reside long term and contribute to diverse immune functions. Depending on the tissue environment
and the immunological context, they can play either beneficial or detrimental roles, i.e., from maintaining
tissue homeostasis to responding to infections and participating in tumor surveillance [64,73,74].

6 Role of iNKT in OC and Other Malignancies
iNKT cells hold significant potential in OC therapy due to their unique immunological properties.

Unlike conventional T cells, iNKT cells can rapidly produce large amounts of both pro-inflammatory and
regulatory cytokines upon activation, enabling them to influence various components of the TME. This
capacity for immune modulation makes them especially valuable in OC, where the TME is often highly
immunosuppressive [75,76]. iNKT cells are rapidly activated at the onset of immune responses through
signals delivered by CD1d-restricted semi-invariant TCRs as well as cytokine receptors, including IL-12R
and IL-18R. Once activated, iNKT cells perform both indirect and direct effector functions. Indirectly, they
regulate and enhance the activity of other immune cells, while directly, they can exert cytotoxic effects on
target cells. Following activation, iNKT cells promptly release large amounts of cytokines such as IFN-γ and
IL-4, which drive the activation and maturation of antigen presenting cells (APCs), NK cells, and cytotoxic
T cells. In addition to these, iNKT cells secrete a diverse set of other cytokines and mediators, including IL-2,
IL-5, IL-6, IL-10, IL-13, IL-17, and IL-22, as well as chemokines like chemokine (C-C motif) ligand 3 (CCL3),
CCL4, and CCL5, which further shape and amplify immune responses. Through CD40-CD40L interactions,
iNKT cells also promote the activation and functional maturation of APCs. In terms of direct cytotoxicity,
activated iNKT cells utilize granzyme and perforin release to induce apoptosis in target cells. Moreover, they
express Fas ligand and TNF-related apoptosis-inducing ligand (TRAIL), which can initiate cell death via the
death receptor pathway. Collectively, these mechanisms allow iNKT cells to serve as potent modulators of
both innate and adaptive immunity [77].

The activation of iNKT cells results in a rapid and robust production of IFNγ, which plays a predominant
role in the activation of NK cells. Then, NK cells are capable of targeting and eliminating tumor cells lacking
MHC class I molecules. Following this early innate response, a cascade of adaptive immune activation occurs,
including the expansion of antigen-specific CD8+ and CD4+ T cells that mediate cytotoxic responses against
MHC-positive tumor cells and contribute to the formation of long-lasting anti-tumor immune memory.
This cell population is also recruited via chemotactic signals derived from TME and infiltrates primary and
metastatic sites in various types of solid tumors, where it promotes the maturation of DCs, further enhancing
both innate and adaptive immunity [78–80].

iNKT cells reprogram immunosuppressive myeloid populations within the TME through CD1d-
dependent recognition of lipid antigens. Regarding MDSCs, iNKT cells drive their differentiation into
functional DCs, leading to activation of CD8+ and CD4+ T cells as well as NK cytotoxicity. They also reduce
the number and suppressive activity of CD1d+ MDSCs, promoting their maturation into antigen-presenting
cells. In the case of TAMs, iNKT cells selectively eliminate pro-tumoral M2-like macrophages while
supporting the survival of anti-tumoral M1-like macrophages. This occurs through coordinated CD1d, CD40,
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and Fas signaling, i.e., CD40L-CD40 interaction protects M1 cells from Fas-mediated apoptosis, whereas
M2 cells remain sensitive to Fas-induced death. Moreover, iNKT cells induce IL-12 production by DCs via
CD1d- and CD40-dependent interactions, reinforcing a Th1-type immune response with enhanced IFN-γ
secretion and cytotoxic T cell activation. Overall, iNKT cells remodel the TME from an immunosuppressive
to a proinflammatory, tumoricidal state [69,78,81]. The models of iNKT cell activation and their remodeling
of the TME are presented in Fig. 2.

Figure 2: The models of iNKT cell activation and their remodeling of the TME. IL: interleukin; CD: cluster of
differentiation; TCR: T cell receptor; iNKT: invariant natural killer T cell; TAM: tumor-associated macrophage; MDSC:
myeloid-derived suppressor cell; IFN: interferon; NK: natural killer cell. Created in https://BioRender.com

Although iNKT cells have traditionally been considered to mediate anti-tumor responses through
perforin-dependent cytotoxicity, this mechanism has been challenged. Inhibition of perforin activity using
concanamycin A did not abolish the cytotoxic effect of iNKT cells, suggesting alternative pathways are
involved. Moreover, iNKT cell-mediated killing does not require CD1d expression on tumor cells, indicating
that their invariant TCR is not essential for target cell recognition and lysis [62].

Moreover, iNKT cells are not restricted by classical human leukocyte antigen (HLA) presentation,
allowing broader applicability across patients without requiring HLA matching. They can also be engineered
with CARs or TCRs to target tumor-associated antigens (TAAs), combining innate-like rapid responses with
tumor specificity. Importantly, their ability to activate other immune cells, such as DCs and NK cells, may
help overcome immune evasion mechanisms commonly observed in ovarian tumors [82].

Data available in the literature underscore the therapeutic promise of iNKT cell-based therapy, which
has demonstrated the ability to target both OC cells and the TME via diverse molecular pathways [16].
Winkler et al. [63] found in their study a negative correlation between the concentration of CA125 in the
serum of OC patients and a decreased number of NKT cells within tumor tissue. This phenomenon may be

https://BioRender.com
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related to the inflammatory process. The ovarian patients’ recurrence-free survival and overall survival (OS)
may be related to iNKT cells frequency and their location [83].

Li et al. [16] found that CD1d is a potential biomarker and therapeutic target within ovarian TME. CD1d
molecule is mainly expressed on immunosuppressive cells, i.e., MDSCs and TAMs, regardless of platinum
sensitivity and advancement of the disease. Interestingly, iNKT cells may target TAMs and MDSCs with CD1d
expression without influencing effector cells such as NK cells, T cells, and B cells. The cytotoxicity of iNKT
cells against healthy monocytes is reduced because CD1d expression on these monocytes is significantly
lower compared to that on cells within ovarian TME [16]. Importantly, the presence of CAR target antigens
on recurrent OC cells may enhance iNKT cell function through CAR engineering. Overall, these findings
support the potential of iNKT cells as innovative carriers in next-generation cell-based immunotherapies,
offering a promising approach for treating recurrent OC [16,84,85].

Clinical trials have shown decreased frequencies of iNKT cells and their defective functions in various
types of malignancies, which are associated with unfavorable OS in both hematological malignancies and
solid tumors such as head and neck cancer (HNC), neuroblastoma, and prostate cancer [78,86–88]. Per
contra, a high frequency of circulating or intratumoral iNKT is related to beneficial OS in hematological
malignancies, neuroblastoma, and colorectal cancer [78,89–92].

These findings show that iNKT cells may utilize distinct mechanisms, different from those of conven-
tional T cells or NK cells, to exert their anti-tumor effects [62,93] and are involved in the elimination of cancer
cells by αGalCer-pulsed DCs (αGalCer/DCs), resulting in activation of host immune system cells [62,94].
Altogether, iNKT cell activation triggers a multifaceted anti-tumor response involving several immune cell
types working in concert to eliminate malignant cells [62,94].

7 Immunotherapies Based on iNKT Cells
Various studies have confirmed that iNKT cells have a therapeutic potential in the treatment of solid

cancers, including melanoma, HNC, and lung cancer [82,93,95–97]. iNKT cells represent a promising
platform for the development of “off-the-shelf ” effector cell products for adoptive cancer immunotherapy.
However, to prevent immune-mediated rejection by the allogeneic host, it is necessary to modulate MHC
expression on these cells. One strategy involves differentiating iNKT cells from human hematopoietic stem
cells (HSCs) in vitro, which naturally express minimal levels of HLA class I and negligible HLA class II
molecules. These stem cell-derived iNKT cells can then be further modified, for instance by introducing
CARs, to create immune-evasive anti-tumor effectors. A challenge in using iNKT cells for adoptive therapy
is their low abundance (around 0.01%) in peripheral blood (PB), and their frequency is even lower in
patients with advanced malignancies. Nonetheless, iNKT cells are amenable to robust ex vivo expansion, and
established protocols allow for their efficient activation and proliferation.

Chimeric antigen receptor invariant natural killer T (CAR-iNKT) cell therapy represents a promising
advancement in cancer immunotherapy. iNKT cells are particularly well-suited for allogeneic “off-the-
shelf ” therapies due to their strong anti-tumor activity and minimal risk of triggering graft-vs.-host disease
(GvHD). Since natural iNKT cells are scarce in PB, researchers have developed a method to generate these
cells in large quantities by combining gene editing of HSCs with in vitro differentiation. The resulting
allogeneic HSC-derived iNKT (AlloHSC-iNKT) cells closely mimic natural iNKT cells and attack tumors
through multiple immune mechanisms while maintaining a favorable safety profile and low immunogenicity.
Importantly, due to their limited dependence on HLA compatibility, iNKT cells from allogeneic donors may
serve as a viable and scalable source for therapeutic use [78]. A schematic overview of CAR-iNKT cell therapy
is shown in Fig. 3.
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Figure 3: Schematic overview of the generation and implementation of CAR-iNKT cell therapy. PBMCs: peripheral
blood mononuclear cells; CARs: chimeric antigen receptors. Created in https://BioRender.com

Preclinical findings support the therapeutic potential of CAR-iNKT cell products and provide a strong
basis for their clinical translation [98]. Initially, therapies based on CAR primarily utilized conventional
T cells (CAR-T cells therapy), which received FDA approval for the treatment of advanced lymphoma
and acute lymphoblastic leukemia. CAR-T therapies have revolutionized blood cancer treatment but face
challenges such as toxicity, high cost, and limited success in solid tumors. In contrast, iNKT cell therapies
offer an “off-the-shelf ”, safer, and more scalable alternative, with natural resistance to graft-vs.-host disease
and strong tumor-modulating abilities. Early studies show promise in both solid and hematologic cancers,
suggesting iNKT cells could complement or enhance CAR-T therapies through immune modulation and
combination strategies. CAR-T therapy’s major strength, its powerful immune activation, is also its main
limitation, often leading to severe toxicities such as cytokine release syndrome (CRS) and immune effector
cell associated neurotoxicity syndrome (ICANS). These side effects can occur in a substantial proportion
of patients, highlighting safety concerns with current CAR-T products. In contrast, iNKT cell therapies,
whether engineered or natural, demonstrate a much safer toxicity profile. Their balanced cytokine secretion,
limited in vivo expansion, and MHC-independent activity result in minimal CRS, negligible neurotoxicity,
and no risk of graft-vs.-host disease, allowing for allogeneic use. While more clinical data are needed, iNKT
therapies hold promise as safer, more accessible alternatives, particularly for patients who may not tolerate
CAR-T therapy [99].

However, iNKT cells can also be used in this kind of treatment in both solid and hematological
malignancies [100]. In spite of the very modest frequency of iNKT cells in vivo, this immune cell subset

https://BioRender.com


BIOCELL. 2026;50(4):2 11

eliminates tumor cells more efficiently than CAR-T cells. For instance, in murine model of lymphoma, the
survival rate after implementing CAR-T cells was only 60%, whereas in the group treated with CAR19-
iNKT cells it reached 90%. Interestingly, targeting both CD1d and CD19 simultaneously induces even deeper
anticancer immune response and may reduce recurrence of the disease. This property is especially significant
for ovarian cancer treatment. Moreover, CAR19-iNKT cells demonstrated the ability to penetrate the brain
and effectively manage sizable tumor burdens and even in the presence of large tumors. These findings offer
promising prospects for the development of novel therapeutic strategies for OC patients [101].

OC expresses multiple potential CAR targets, among which mesothelin, folate receptor alpha (FRα),
mucin 16, and human epidermal growth factor receptor 2 (HER2) are the most extensively studied. These
antigens show high expression on tumor cells with limited distribution in normal tissues, making them
promising candidates for CAR therapies. Other emerging targets, such as claudin-6, protein tyrosine kinase
7 (PTK7), epithelial cell adhesion molecule (EPCAM), and Annexin A2 (ANXA2), are under preclinical
evaluation and may broaden therapeutic options in the future [102]. Taking into account high heterogeneity
of OC and its various subtypes, identifying target antigens for CAR therapies is challenging. Potential targets
should be highly expressed on cancer cells and having none or marginal expression on host cells. All the
described features meet the criteria of TAAs. A variety of notable TAAs have been studied in OC, each
posing specific considerations and obstacles [103]. Dual-target CARs may offer a better strategy to reduce
on-target off-tumor cytotoxicity. Interestingly, targeting FRα or mesothelin alone achieves approximately
48%–76% tumor elimination, while dual targeting increases tumor cell elimination to about 88% [104–106].
Early results indicate that these approaches are generally safe and technically feasible, though their clinical
effectiveness remains limited. Further progress in CAR-T therapy for OC is hindered by factors such as tumor
heterogeneity and inconsistent antigen expression, the presence of resistant and immune-evasive cancer stem
cells, and the highly immunosuppressive peritoneal TME rich in TAMs and MDSCs [102]. Li et al. highlighted
that a key advantage of CAR-NKT cells lies in their ability to reduce CRS by modulating macrophage activity,
offering a safer alternative to conventional CAR-T cells, particularly in ovarian cancer where macrophage-
driven CRS toxicity is pronounced [102]. Comparison of key features between CAR-T and CAR-iNKT cell
therapies is presented in Table 2.

Table 2: Comparison of key features between chimeric antigen receptor-invariant natural killer T (CAR-iNKT) and
CAR-T cell therapies

Features CAR-iNKT cells CAR-T cells Ref.

Mode of action
Tumor antigens are recognized via CAR and

through preseting by cluster of
differentiation 1d (CD1d)

Tumor antigens are
recognized via

CAR
[71,107]

Source Allogenic (“off-the-shelf ” therapy is possible) Autologous [71,108]
Autoimmuno

logical
reactivity

Lack of autoimmunology reactivity; there is a
possibility of allogenic implementation

High reactivity,
may lead to GvHD [109–111]

Impact on TME CAR-iNKT cells can actively modulate TME Limited [112,113]

Tumor
infiltration Tumors can be infiltrated by these cells

The infiltration of
solid tumors is

limited
[113,114]

(Continued)
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Table 2 (continued)

Features CAR-iNKT cells CAR-T cells Ref.

Clinical
application Solid tumor and hematological malignancies

Hematological
malignancies

mostly
[69,83,89,90]

AEs
Preliminary studies claimed that CAR-iNKT
cells exhibit more mild AEs in comparison to

CAR-T cells therapy

CAR-T CRES,
CRS, ICANS [115–117]

Note: Abbreviation: TME: tumor microenvironment; CD: cluster of differentiation; AE: adverse event; CAR-iNKT:
chimeric antigen receptor invariant natural killer T cell; CAR-T: chimeric antigen receptor T cell ; GvHD: graft-vs.-
host disease; CRES: CAR-T cell-related encephalopathy syndrome; CRS: cytokine release syndrome; ICANS: immune
effector cell–associated neurotoxicity syndrome.

iNKT cells act as natural adjuvants by releasing large amounts of IFN-γ, which enhances both innate
and adaptive immune responses. Patients with higher levels of IFN-γ producing cells show better clinical
outcomes, including significantly longer survival and reduced tumor progression. Beyond their therapeutic
use as cells, iNKT cells can also serve as molecular adjuvants in cancer vaccines. When activated by lipid
antigens such as αGalCer or its analogs, iNKT cells stimulate dendritic cells and boost CD8+ T cells response,
leading to stronger and more durable antitumor immunity. These CD1d-restricted vaccines have shown
potential in enhancing immune protection not only against tumors but also against bacterial, viral, and
parasitic infections [118,119].

A novel, scalable method for generating iNKT cells from cord blood offers a promising background for
developing ‘off-the-shelf ’ cancer immunotherapies. CAR-engineered iNKT cells have demonstrated potent
anti-tumor activity against both hematologic malignancies and solid tumors, including OC. Their unique
ability to function without inducing GvHD and to modulate the immunosuppressive TME makes them espe-
cially suitable for broader clinical application. This platform not only bypasses the need for patient-specific
therapies but could significantly reduce production costs and improve treatment accessibility [120,121]. A
detailed analysis of ovarian tumor cells and TME in samples from primary and recurrent OC revealed that
hematopoietic stem cells-derived iNKT (HSC-iNKT) cells exert strong antitumor activity across diverse
patient-derived tumor cells, regardless of tumor antigen or cancer stem cell marker expression. These
findings highlight the therapeutic potential of HSC-iNKT cell therapy for OC, particularly in recurrent cases,
by simultaneously eliminating tumor cells and reshaping the immunosuppressive microenvironment [85].
Currently, work is underway to implement CAR-iNKT cell therapy for ovarian cancer [122]. CAR-engineered
iNKT cells have demonstrated the ability to selectively eliminate antigen-expressing tumor cell lines and
patient-derived plasma cells in vitro, as well as suppress tumor growth in xenograft models in vivo, while
preserving their native CD1d-restricted functionality [123–125].

Moreover, iNKT cells can be genetically modified to acquire an additional antigen specificities by
introducing recombinant TCRs that target disease-relevant, particularly tumor-associated, antigens. For
example, engineering iNKT cells with a human MHC class I-restricted TCR specific for a peptide from the
38-kDa protein of Mycobacterium tuberculosis enabled them to selectively eliminate monocyte-derived
dendritic cells (Mo-DCs) loaded with the corresponding antigen [126]. Applying these strategies to TCR-
engineered iNKT cells could enable the projecting of tumor-redirected effectors that not only target specific
antigens but also retain the unique ability of iNKT cells to modulate the TME, thereby enhancing their
overall anti-tumor efficacy [78]. Furthermore, PRAME-specific TCR-engineered iNKT cell therapy has
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demonstrated promise in overcoming the challenges faced by conventional T cell approaches in treating
solid tumors, including OC. Preclinical data suggest that these modified iNKT cells can selectively recognize
and eliminate cancer cells [127–129]. Early clinical studies have demonstrated promising safety profiles and
therapeutic benefits in both hematological malignancies and solid tumors, including OC [109].

The safety and toxicity profile of CAR-iNKT cell therapy remains one of its most critical limitations.
Although iNKT cells naturally exhibit immunoregulatory and anti-inflammatory properties that may lower
toxicity compared to conventional CAR-T cells, genetic modification and artificial activation can still provoke
CRS or ICANS. These events arise from excessive cytokine secretion, such as IL-6, IFN-γ, and TNF-α,
leading to systemic inflammation and potentially life-threatening complications. Another safety concern
is the risk of off-target effects, as CAR-iNKT cells may recognize antigens expressed on normal tissues,
resulting in unintended tissue damage. Moreover, the long term persistence and proliferation of engineered
iNKT cells in vivo are not yet fully understood, raising questions about possible chronic immune activation
or autoimmunity. To mitigate these risks, recent strategies include incorporating safety switch mechanisms
(e.g., inducible caspase-9 systems) to allow rapid termination of CAR-iNKT activity in case of severe toxicity,
as well as optimizing CAR design to balance efficacy and immune activation. Rigorous clinical monitoring
protocols and early intervention strategies for CRS are also essential to ensure patient safety. While preclinical
data suggest a more favorable toxicity profile compared to CAR-T cells, comprehensive clinical validation is
still required to confirm the safety and tolerability of CAR-iNKT cell therapies in humans [71].

Several early-phase clinical trials have evaluated iNKT cell-based therapies in cancer patients using
different approaches, including α-GalCer administration, α-GalCer-pulsed CD1d+ APCs, and adoptive
transfer of ex vivo expanded iNKT cells [130–132]. These studies consistently demonstrated a favorable
safety profile, with no dose-limiting toxicities reported even at high cell doses (up to 1 × 1010/m2). While
increases in iNKT cell counts and IFN-γ production were observed in many patients, clinical efficacy
was generally limited, ranging from stable disease to occasional partial responses. Notably, a phase II
trial in hepatocellular carcinoma showed that combining ex vivo expanded iNKT cells with transarterial
embolization (TAE) improved both progression-free survival (PFS) and OS compared to TAE alone, with
several complete responses observed. Ongoing trials are currently exploring autologous and allogeneic “off-
the-shelf ” iNKT cell therapies and nanoparticle-based iNKT activators (IMM60) in combination with other
immunotherapeutic agents to enhance antitumor efficacy while maintaining safety [133–135].

iNKT cell therapies represent a groundbreaking advancement in cellular immunotherapy. This approach
combines the targeted precision of CARs with the distinctive immunoregulatory abilities of iNKT cells.
Their strong capacity to proliferate without exhaustion, lack of alloreactivity, enhanced ability to infiltrate
tumors, potent cytotoxic effects, and their capability to remodel the TME are highly desirable in development
of targeted therapies. Such features help overcome many of the limitations associated with traditional
CAR-T and other CAR-engineered cell therapies [109]. Altogether, iNKT cells represent a promising platform
for developing innovative immunotherapies aimed at reshaping the immune landscape in solid tumors,
including OC, and improving clinical outcomes.

8 Future Perspectives of OC Treatment
Ovarian TME plays an important role in tumor initiation, progression, and metastasis. It is well known

that the formation of peritoneal metastases contributes to high mortality and recurrence risk. Thus TME
offers a wealth of therapeutic targets [136]. Moreover, it also contributes to the suppression of antitumor
immune response inducted via ICPs [17,137]. Immune checkpoints represent promising therapeutic targets
in emerging OC treatment. The response of OC patients to immunotherapy based on programmed cell
death pathway (PD-1/PD-L1) inhibitors is modest. Alas, the most of clinical trials have been conducted
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in patients with recurrent disease who have already received multiple lines of therapy. Therefore, to
overcome the immunosuppressive ovarian TME, it is necessary to investigate their efficiency in first-line
treatment [138,139]. The investigation of cellular crosstalk within the OC microenvironment using artificial
TME models appears particularly valuable, given its dynamic nature, complexity, and differences observed
between primary and recurrent tumors [25,140,141].

Following the discussion on iNKT cell based therapies, it is also important to consider NK cell
based approaches, which share certain similarities but differ in key mechanisms and clinical applications.
NK cells exert antitumor activity in OC through antibody-dependent cellular cytotoxicity, perforin and
granzyme release, and cytokine secretion (IFN-γ, TNF-α). They can also induce apoptosis via Fas/FasL
and TRAIL/TRAILR pathways. Clinical trials show that NK cell based immunotherapy is generally safe
and may stabilize disease, though its overall efficacy remains limited. The TME and prior treatments can
impair NK cell function, highlighting the need for combination or modulatory strategies. CAR-NK cell
therapy, an emerging approach, enhances NK cell specificity through genetic modification with CARs
targeting antigens such as HER2, epidermal growth factor receptor (EGFR), or mesothelin. Compared with
CAR-T cells, CAR-NKs offer lower toxicity, reduced GvHD risk, and “off-the-shelf ” potential. Preclinical
data indicate promising antitumor effects, but further optimization, including overcoming TME suppression
and expanding clinical validation, is essential for broader application in OC [142–144]. In contrast, iNKT cell
therapy bridges innate and adaptive immunity. iNKT cells recognize glycolipid antigens presented by CD1d,
enabling both direct cytotoxic effects and potent activation of NK, dendritic, and CD8+ T cells. They remodel
the TME by reducing immunosuppressive cells (MDSCs, TAMs) and enhancing antigen presentation.
However, their scarcity and functional exhaustion in the OC microenvironment limit clinical application.

In summary, NK therapies offer strong, immediate cytotoxicity and safety advantages, while iNKT ther-
apies provide broader immunomodulation and TME reprogramming. Combining or sequentially using both
approaches could enhance overall therapeutic efficacy in OC. The promising approach in OC treatment is a
combined therapy targeting other ICPs such as the T cell immunoglobulin and ITIM domain/CD155/DNAX
accessory molecule-1 (TIGIT/CD155/DNAM-1) axis. Preclinical studies in a murine model of colorectal
cancer showed that the dual blockade of PD-1/PD-L1 and TIGIT led to remission in the entire studied
group vs. only partial tumor regression observed with the blockade of a single pathway. The approach
stimulates the effector activity of T cells and NK cells, and redirects the immune system activity against
the tumor. The understanding of the synergistic action of the TIGIT and PD-1/PD-L1 blockade is, however,
still limited. Considering the positive impact of this combined therapy in malignancies, including lung
and colorectal cancer, it appears to be a promising approach in OC treatment [145–149]. The rationale and
clinical implementation of dual blockade in the treatment of patients with ovarian cancer were thoroughly
outlined in our previous work [26]. Moreover, another dual immune checkpoint blockade targeting PD-1 and
CTLA-4 has shown promising efficacy in advanced and OC, outperforming single agent immunotherapy.
It improves response durability and surgical outcomes but exhibits subtype-dependent variability. Despite
safety concerns and limited first-line data, ongoing trials aim to optimize combinations and identify
predictive biomarkers, positioning dual blockade as a key emerging strategy in OC immunotherapy [37,150].

Bispecific antibodies (BsAbs) represent an emerging immunotherapeutic strategy in OC. By simul-
taneously binding two distinct targets, BsAbs enhance immune cell activation and tumor recognition.
Preclinical studies have shown that BsAbs targeting TIGIT/PD-L1 improve antitumor efficacy compared with
conventional anti-PD-L1mAbs. Another promising class, T cell redirecting bispecifics (TCBs), engage both T
cells and TAAs such as mucin-16, mucin-1, AXL, and LYPD1, promoting T cell mediated cytotoxicity. Overall,
BsAbs show significant potential to enhance immune responses in OC, though further studies are required to
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optimize safety and clinical efficacy [151–154]. BsAbs offer precise, engineered immune redirection, whereas
iNKT therapies provide broader immune modulation and TME remodeling.

To the date, few biological drugs targeted TME have been approved by the FDA, including VEGFi and
PARPi [17]. The combination this kind of treatment with ICIs is also beneficial because it leads to sensitization
of tumor to ICIs [138,139]. It should be highlighted that a major impediment in implement effective
therapeutic approach for OC patients is absence of a congeneric target signature for OC. That immuneprofile
may offer insights into potential biomarkers to monitor the disease progression in real time [16]. Selected
interventional clinical trials investigating immunotherapy in ovarian cancer are summarized in Table 3.

Table 3: Selected interventional clinical trials investigating immunotherapy in OC

Study Title NCT Number Acronym Phase Interventions Sponsor
Chemotherapy Combined With
Propranolol Hydrochloride as

Neoadjuvant Therapy for Advanced
High-grade Serous OC

NCT07125391 N/A 2 Drug: Cohort A Bai-Rong Xia

Low-Dose Radiation-Stereotactic
body radiotherapy-Cadonilimab
for Advanced Gastric, Colorectal

and OC With Peritoneal Metastases

NCT06940921 N/A 1/2

Radiation: Low-Dose
Radiation +

Stereotactic body
radiotherapy

Drug: Cadonilimab

Zhang Tao

A Clinical Study on Fasudil
Hydrochloride for Treatment of

Gene-Specific OC
NCT06890858 N/A 2 Drug: Fasudil

Hydrochloride

Zhejiang
Provincial

People’s
Hospital

Vaccine Therapy Plus
Pembrolizumab in Treating

Advanced Ovarian, Fallopian Tube,
or Primary Peritoneal Cavity

Cancer

NCT05920798 FRAPPE 1/2

Procedure: Biopsy
Procedure:

Biospecimen
Collection

Procedure: Computed
Tomography

Mayo Clinic

Abemaciclib and Letrozole in
Patients With Estrogen

Receptor-positive Rare OC
NCT05872204 ALEPRO 2 Drug: Abemaciclib

Drug: Letrozole

Universitaire
Ziekenhuizen

KU Leuven
A Study to Evaluate the Safety and
Therapeutic Activity of GI-102 As a
Single Agent and in Combination

with Conventional Anti-cancer
Drugs, Pembrolizumab or

Trastuzumab Deruxtecan in
Patients with Advanced Solid

Tumors (KEYNOTE-G08)

NCT05824975 N/A 1/2

Drug: GI-102
subcutaneous
Drug: GI-102

Drug: doxorubicin

GI Innovation,
Inc.

NEOadjuvant Dendritic Cell
Vaccination for OC NCT05773859 NEODOC 1/2 Biological: XP-DC

vaccinations

Radboud
University

Medical Center
A Safety, Tolerability and Efficacy

Study of NC410 Plus
Pembrolizumab in Participants
with Advanced Unresectable or

Metastatic Solid Tumors

NCT05572684 N/A 1/2 Drug: NC410
Drug: pembrolizumab NextCure, Inc.

Safety and Efficacy of Anti-CD47,
ALX148 in Combination with
Liposomal Doxorubicin and
Pembrolizumab in Recurrent

Platinum-resistant OC

NCT05467670 N/A 2
Drug: Pembrolizumab

Drug: ALX148
Drug: Doxorubicin

Alexander B
Olawaiye, MD

(Continued)
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Table 3 (continued)

Study Title NCT Number Acronym Phase Interventions Sponsor
AK104 Combined With

Chemotherapy as Neoadjuvant
Treatment for Advanced OC

NCT05430906 N/A 2 Drug: AK104—
Chemotherapy

Hunan Cancer
Hospital

Efficacy & Safety of Olvi-Vec and
Platinum-doublet + Bevacizumab
Compared to Physician’s Choice of
Chemotherapy and Bevacizumab
in Platinum-Resistant/Refractory

OC (OnPrime, GOG-3076)

NCT05281471 N/A 3

Biological:
olvimulogene

nanivacirepvec
Drug: Platinum
chemotherapy:

carboplatin (preferred)
or cisplatin

Drug: Non-platinum
chemotherapy:

Physician’s Choice of
gemcitabine, taxane

(paclitaxel, docetaxel or
nab-paclitaxel) or

pegylated liposomal
doxorubicin

Genelux
Corporation

Pembrolizumab Combined With
Bevacizumab With or Without

Agonist Anti-cluster of
differentiation (CD) 40 CDX-1140
for the Treatment of Patients With

Recurrent OC

NCT05231122 N/A 2

Biological: Anti-cluster
of CD40 Agonist

Monoclonal Antibody
CDX-1140
Biological:

Bevacizumab
Biological:

Pembrolizumab

Roswell Park
Cancer

Institute

T-regulatory Cell Depletion with
E7777 Combined with

Pembrolizumab in Recurrent or
Metastatic Solid Tumors

NCT05200559 N/A 1/2 Drug: Pembrolizumab
Drug: E7777

Alexander B
Olawaiye, MD

Phase I/II Study of Autologous T
Cells to Express T-Cell Receptors

in Subjects With Solid Tumors
NCT05194735 N/A 1/2

Biological: Neoantigen
specific T cell

expressing engineered
T cell receptor (TCR-T

cell) drug product
Biological: Aldesleukin

(interleukine 2)

Alaunos
Therapeutics

Pembrolizumab and Lenvatinib for
the Treatment of Serous Ovarian

Cancer Patients
NCT05114421 N/A 2

Drug: Lenvatinib
Biological:

Pembrolizumab

M.D. Anderson
Cancer Center

Testing Nivolumab With or
Without Ipilimumab in Deficient

Mismatch Repair System (dMMR)
Recurrent Endometrial Carcinoma

NCT05112601 N/A 2

Procedure:
Biospecimen

Collection
Procedure: Computed

Tomography
Biological: Ipilimumab

National
Cancer

Institute

A Beta-only IL-2 ImmunoTherapY
Study NCT05086692 ABILITY-1 1/2

Drug: MDNA11
Drug: Pembrolizumab

(KEYTRUDA
R©

)

Medicenna
Therapeutics,

Inc.

(Continued)
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Table 3 (continued)

Study Title NCT Number Acronym Phase Interventions Sponsor
Oregovomab in Combination With
Bevacizumab Plus Chemo in breast
cancer susceptibility gene (BRCA)

Wild Type Platinum Sensitive
Recurrent OC

NCT04938583 N/A 1/2

Biological:
Oregovomab

Drug: Bevacizumab
Drug: Paclitaxel

1 more

CanariaBio Inc.

APL-2 and Pembrolizumab vs.
APL-2, Pembrolizumab, and

Bevacizumab vs. Bevacizumab
Alone for the Treatment of

Recurrent Ovarian, Fallopian Tube,
or Primary Peritoneal Cancer and

Malignant Effusion

NCT04919629 N/A 2

Biological:
Bevacizumab

Procedure: Biopsy
Procedure:

Biospecimen
Collection

Roswell Park
Cancer

Institute

Immunotherapy Platform Study in
Platinum Resistant High Grade

Serous OC
NCT04918186 IPROC 2

Drug: Durvalumab
Drug: BA3011
Drug: BA3021

Canadian
Cancer Trials

Group
A Study of Maintenance

DCVAC/OvCa After First-line
Chemotherapy Added Standard of

Care

NCT04834544 N/A 2

Combination Product:
DCVAC/OvCa

Combination Product:
Placebo

Peking
University

Third Hospital

Efficacy of Tislelizumab and
Spartalizumab Across Multiple
Cancer Types in Patients with
programmed death receptor 1

(PD-1)-high MRNA Expressing
Tumors

NCT04802876 ACROPOLI 2 Drug: Spartalizumab
Drug: Tislelizumab

SOLTI Breast
Cancer

Research
Group

OSE2101 Alone or in Combination
With Pembrolizumab vs. best

supportive care in Patients With
Platinum-sensitive Recurrent OC

NCT04713514 TEDOVA 2
Drug: OSE2101

Drug: Pembrolizumab
25 mg/mL [Keytruda]

ARCAGY/
GINECO
GROUP

Addition of Pembrolizumab to the
Standard of Care Chemotherapy in
Patients With small cell carcinoma

of the ovary, hypercalcemic type

NCT04602377 PembroSCCOHT 2 Drug: Pembrolizumab
25 mg/mL [Keytruda]

ARCAGY/
GINECO
GROUP

Oregovomab Plus Chemo in Newly
Diagnosed Patients With Advanced

Epithelial OC Following Optimal
Debulking Surgery

NCT04498117 FLORA-5 3

Biological:
Oregovomab

Drug: Paclitaxel
Drug: Carboplatin

CanariaBio Inc.

Pembrolizumab and Carboplatin
for the Treatment of Recurrent

Ovarian, Fallopian Tube, or
Primary Peritoneal Cancer

NCT04387227 N/A 2

Drug: Carboplatin
Biological:

Pembrolizumab
Procedure: Computed

Tomography

University of
Washington

ATr Inhibitor in Combination With
Olaparib/Durvalumab

(MEDI4736) in Gynaecological
Cancers With AT-rich interactive

domain-containing protein 1A
(ARID1A) Loss or no Loss

NCT04065269 ATARI 2
Drug: Ceralasertib

Drug: Olaparib
Drug: Durvalumab

Institute of
Cancer

Research, UK

(Continued)
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Table 3 (continued)

Study Title NCT Number Acronym Phase Interventions Sponsor
Testing the Addition of an

Immunotherapy Drug,
Tremelimumab, to the poly

ADP-ribose polymerase (PARP)
Inhibition Drug, Olaparib, for

Recurrent Ovarian, Fallopian Tube,
or Peritoneal Cancer

NCT04034927 N/A 2

Procedure:
Biospecimen

Collection
Procedure: Computed

Tomography
Procedure: Magnetic
Resonance Imaging

National
Cancer

Institute

Study of an Immunotherapeutic,
DPX-Survivac, in Combination

With Low Dose Cyclophosphamide
& Pembrolizumab, in Subjects

With Selected Advanced &
Recurrent Solid Tumors

NCT03836352 N/A 2

Other: DPX-Survivac
Drug:

Cyclophosphamide
Drug: Pembrolizumab

ImmunoVaccine
Technologies,

Inc. (IMV Inc.)

Trans-Artery/Intra-Tumor Infusion
of Checkpoint Inhibitors Plus

Chemodrug for Immunotherapy of
Advanced Solid Tumors

NCT03755739 N/A 2/3

Drug: Checkpoint
inhibitor such as

Pembrolizumab plus
chemotherapy

Second
Affiliated

Hospital of
Guangzhou

Medical
University

Systemic Immune Checkpoint
Blockade and Intraperitoneal
Chemo-Immunotherapy in

Recurrent OC

NCT03734692 N/A 1/2
Drug: Rintatolimod

Drug: Pembrolizumab
Drug: Cisplatin

Robert
Edwards

ACTengine
R©

IMA203/IMA203CD8 as
Monotherapy or in Combination

With Nivolumab in Recurrent
and/or Refractory Solid Tumors

NCT03686124 ACTengine 1/2

Biological: IMA203
Product

Biological: IMA203
product-flat dose

Biological:
IMA203CD8 Product

Immatics US,
Inc.

Administration of Autologous
T-Cells Genetically Engineered to
Express T-Cell Receptors Reactive

Against Neoantigens in People
With Metastatic Cancer

NCT03412877 N/A 2

Drug:
Cyclophosphamide
Drug: Fludarabine
Drug: Aldesleukin

National
Cancer

Institute

Immunotherapy With
Neo-adjuvant Chemotherapy for

OC
NCT03249142 INeOV 1/2

Drug: ARM A Durval-
umab/chemotherapy

association
Drug: ARM B Durval-
umab/Tremelimumab/

chemotherapy
association

ARCAGY/
GINECO
GROUP

P53MVA and Pembrolizumab in
Treating Patients With Recurrent
Ovarian, Primary Peritoneal, or

Fallopian Tube Cancer

NCT03113487 N/A 2

Biological: Modified
Vaccinia Virus Ankara
Vaccine Expressing p53

Biological:
Pembrolizumab

City of Hope
Medical Center

Pegylated Liposomal Doxorubicin
Hydrochloride With Atezolizumab

and/or Bevacizumab in Treating
Patients With Recurrent Ovarian,

Fallopian Tube, or Primary
Peritoneal Cancer

NCT02839707 N/A 2/3

Drug: Atezolizumab
Biological:

Bevacizumab
Procedure: Computed

Tomography

National
Cancer

Institute

(Continued)
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Table 3 (continued)

Study Title NCT Number Acronym Phase Interventions Sponsor

Nivolumab and Ipilimumab in
Treating Patients With Rare

Tumors
NCT02834013 N/A 2

Procedure:
Biospecimen

Collection
Procedure: Computed

Tomography
Procedure:

Echocardiography Test

National
Cancer

Institute

Administering Peripheral Blood
Lymphocytes Transduced With a
CD70-Binding Chimeric Antigen

Receptor to People With CD70
Expressing Cancers

NCT02830724 N/A 1/2

Drug:
Cyclophosphamide
Drug: Fludarabine
Drug: Aldesleukin

National
Cancer

Institute

Matched Paired
Pharmacodynamics and Feasibility

Study of Durvalumab in
Combination With Chemotherapy

in Frontline OC (N-Dur)

NCT02726997 N/A 1/2

Drug: Carboplatin
Biological:

Durvalumab
Other: Laboratory

Biomarker Analysis

M.D. Anderson
Cancer Center

Gene-Modified T Cells With or
Without Decitabine in Treating

Patients With Advanced
Malignancies Expressing New York

esophageal squamous cell
carcinoma 1
(NY-ESO-1)

NCT02650986 N/A 1/2

Drug:
Cyclophosphamide
Drug: Decitabine
Other: Laboratory

Biomarker Analysis

Roswell Park
Cancer

Institute

PARP-inhibition and cytotoxic
T-lymphocyte associated protein 4

(CTLA-4) Blockade in
BRCA-deficient OC

NCT02571725 N/A 1/2 Drug: Olaparib
Drug: Tremelimumab

New Mexico
Cancer

Research
Alliance

A Trial of Vigil for Participants
with OC NCT02346747 VITAL 2 Biological: Vigil

Other: Placebo Gradalis, Inc.

Immunotherapy Using Tumor
Infiltrating Lymphocytes for

Patients With Metastatic Cancer
NCT01174121 N/A 2

Drug: Pembrolizumab
(Keytruda)

Drug: Fludarabine
Drug:

Cyclophosphamide

National
Cancer

Institute

Carboplatin, Paclitaxel and
Gemcitabine Hydrochloride With

or Without Bevacizumab After
Surgery in Treating Patients With

Recurrent Ovarian, Epithelial,
Primary Peritoneal, or Fallopian

Tube Cancer

NCT00565851 N/A 3

Biological:
Bevacizumab

Drug: Carboplatin
Drug: Docetaxel

National
Cancer

Institute

Note: Abbreviation: OC: ovarian cancer; TCR-T cell: T cell expressing engineered T cell receptor; PD-1: programmed
death receptor 1; ARID1A: AT-rich interactive domain-containing protein 1A; PARP: the poly ADP-ribose polymerase;
NY-ESO-1: New York esophageal squamous cell carcinoma 1; CTLA-4: cytotoxic T-lymphocyte associated protein 4.

Combining iNKT-based therapy with PD-1/PD-L1 or CTLA-4 blockade offers a promising strategy
to reverse T cell exhaustion in malignancies, including ovarian cancer. iNKT cells can both directly kill
tumor cells and rapidly reshape the TME, providing costimulatory signals and cytokines that help restore
activity of dysfunctional CD8+ T cells. Adoptive transfer of iNKT cells alongside PD-1+ CD8+ T cells could
therefore amplify antitumor activity by restoring effector functions in exhausted T cells while iNKT cells
remodel suppressive niches [155,156]. Preclinical work [157] showed superior tumor control when iNKT cells
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were given with tumor-specific T cells compared with either cell type alone, and early clinical studies using
combined iNKT and PD-1+ CD8+ T cells have demonstrated feasibility and acceptable safety across solid
tumors, with signals of clinical benefit in some patients [158]. Moreover, pairing iNKT therapy with ICIs such
as anti-PD-1/PD-L1 or anti-CTLA-4 could provide complementary mechanisms. Implementation of ICIs
leads to the release of inhibitory brakes on T cells while iNKT cells supply activation and microenvironmental
reprogramming, making the combination a rational approach to overcome exhaustion and enhance durable
responses in OC. Further controlled trials are needed to define optimal dosing, scheduling, and predictive
biomarkers [37,151].

Another challenge is biomarker selection, which is crucial for identifying OC patients most likely to
respond to ICIs. While individual biomarkers such as PD-L1 expression, HRD, microsatellite instability,
tumor mutational burden, and specific gene mutations (e.g., ARID1A, STAT1, APOBEC3A) have been
explored, none alone reliably predict response. Integrative approaches combining genomic, transcriptomic,
and proteomic signatures along with immune cell infiltration patterns and chemokine expression (e.g.,
chemokine (C-X-C motif) ligand 9 (CXCL9), CXCL10, CXCL13) offer greater predictive accuracy. Devel-
oping composite biomarker panels and dynamic assessment models is essential for advancing personalized
immunotherapy in OC [159,160].

To improve OC patients’ outcomes, it is important to design combination therapies based on genomic
data, molecular testing, and real-time changes in the TME. This can help identify useful biomarkers
and allow for more personalized treatment, avoid HPD, and distinguish it from pseudoprogression. It is
crucial to investigate their background to identify predictive factors and improve decision-making regarding
the implementation of ICPs based immunotherapy or early termination of the treatment [17,45,48]. The
determination of OC patients at risk of developing HPD is crucial to avoid the abrupt progression of
malignancy [161]. Close cooperation between scientists, clinicians, and drug developers is essential to make
further progress in this field, and not only to prolong OS but also to improve the quality of life of OC patients.
Therefore establishment of molecular, genomic, and immune signatures of OC may result in the development
of targeted therapies that could be beneficial for OC patients [2,45].

Therefore, harnessing NKT cells represents a potentially effective strategy in the treatment of OC.
Optimizing the selection of α-GalCer-based agonists and developing methods to restore physiological levels
of iNKT cells in OC patients may provide deeper insight into how to effectively integrate these cells into
immunotherapeutic approaches.

9 Limitations
A key limitation of this review is the lack of ongoing clinical trials investigating the use of CAR-

iNKT cells or other iNKT-based therapies specifically in patients with OC. The current evidence base is
therefore derived primarily from preclinical experiments, fundamental immunology studies, or clinical trials
conducted in other malignancies, particularly solid tumors with biological characteristics comparable to OC.
While these studies provide valuable mechanistic insights and proof-of-concept data, their findings cannot
yet be directly extrapolated to OC patients. Further clinical research is required to validate the therapeutic
potential, safety, and efficacy of iNKT-based therapies in this context and to determine their role within the
evolving landscape of OC immunotherapy.

A major limitation in advancing CAR-iNKT cell therapies lies in the extremely low abundance of iNKT
cells in humans, typically representing only 0.01%–1% of peripheral blood T cells. This scarcity requires
substantial ex vivo expansion to obtain sufficient cell numbers for clinical use. The problem is even more
pronounced in autologous settings, where cancer progression and prior immunosuppressive treatments can
markedly deplete endogenous iNKT pools and impair their effector functions. Although this presents a
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significant bottleneck, optimized expansion protocols have been developed using α-GalCer–pulsed APCs
or anti-CD3 stimulation, together with cytokine support such as IL-2, IL-7, IL-15, or IL-21, enabling the
generation of clinically relevant iNKT products. Another key limitation is the functional and phenotypic
heterogeneity of iNKT cells. Distinct subsets, particularly CD4+ and CD4- iNKT cells, differ in cytokine
profiles and cytotoxic potential. CD4+ iNKT cells exhibit broad cytokine production (e.g., GM-CSF, TNF-α,
IFN-γ, IL-4, IL-2), acting in an adjuvant-like manner to enhance antigen-specific T cell responses, whereas
CD4- subsets display stronger cytolytic and Th1-biased activity. Moreover, memory-like CD62L+ iNKT
cells show superior persistence, proliferation, and antitumor efficacy. Clinical studies confirmed that higher
frequencies of CD62L+ CAR-iNKT cells in infusion products correlate with better in vivo expansion and
therapeutic responses, highlighting the importance of subset composition for treatment success [109].

Although off-the-shelf iNKT cell-based therapy shows great potential for OC, several challenges remain.
Safety concerns, particularly the risk of “on-target, off-tumor” toxicity, need to be minimized by selecting
more specific targets such as claudin 6 or mucin 16. Further optimization of CAR design and large-scale
production methods is required to ensure safety, efficacy, and feasibility. Ultimately, well-designed clinical
trials are necessary to confirm the therapeutic value of allogeneic CAR-iNKT cells and other iNKT-based
strategies in ovarian cancer treatment.

10 Conclusions
OC is marked by high heterogeneity, early metastases occurrence, and recurrence; thus, the mortality

rate remains extremely high. Despite advances in medicine and clinical trials, the biological mechanisms
behind the aggressiveness of OC are still not fully understood. The ovarian TME plays an important role
in promoting tumor growth, spread, and resistance, which makes it a promising target for new treatments.
However, the complexity of interactions between cancer cells, host immune system cells, soluble factors,
miRNAs, and other noncellular components makes it difficult to develop effective new drugs. Taking into
account the limited efficacy of available treatment in advanced stages of OC and in recurrent disease, targeted
therapies are highly needed. Immunotherapies based on ICIs, such as anti-PD-1 or anti-PD-L1 monoclonal
antibodies, have become game changers in the treatment of solid malignancies, including melanoma, renal
cancer, and lung cancer. However, the response rate to this kind of treatment, especially in monotherapy, is
limited because OC tumors are typically noniflamed. Therefore, combined therapies targeting multiple ICIs
as well as other biological factors may be beneficial for OC patients.

CAR- and TCR-engineered iNKT cells emerge as promising candidates for next-generation dual-
specific effector cell therapies. Their unique properties justify further research aimed at evaluating their
anti-tumor potential in adoptive cell therapy settings, especially in comparison to conventional T cells.
Notably, these iNKT-based approaches may offer significant advantages, such as eliminating the need for
HLA matching and enabling targeted recognition of TAAs. Furthermore, their intrinsic capacity to modulate
the TME highlights their therapeutic promise in reshaping immune responses in cancer patients. There is a
critical need for more effective therapies for OC, particularly in light of frequent recurrence and resistance
to platinum-based treatments. In summary, iNKT cells represent a promising alternative to conventional
T cells in cancer immunotherapy. Their unique features, including CD1d-restricted recognition, natural
migration to tumor sites, and capacity to modulate the immunosuppressive TME, make them well-suited for
the projection of next-generation adoptive cell therapies targeting solid tumors, including ovarian cancer.
However, further studies, including clinical trials that are currently lacking, are necessary to confirm the
efficacy and safety of iNKT-based therapy. Most of the available data comes from preclinical studies, which
limit the ability to fully assess its therapeutic potential.
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Abbreviations
AE Adverse effect
AlloHSC-iNKT Allogeneic hematopoietic stem cell-derived invariant natural killer T
ANXA2 Annexin A2
APC Antigen-presenting cell
ARID1A AT-rich interactive domain-containing protein 1A
BRCA Breast cancer susceptibility gene
BsAb Bispecific antibody
CAF Cancer-associated fibroblast
CAR-iNKT Chimeric antigen receptor invariant natural killer T
CCL Chemokine (C-C motif) ligand
CD Cluster of differentation
CAR Chimeric antigen receptor
CRES Cell-related encephalopathy syndrome
CRS Cytokine release syndrome
CTLA-4 Cytotoxic T lymphocyte associated protein 4
CXCL Chemokine (C-X-C motif) ligand
DAMP Danger-associated molecular pattern
DC Dendritic cell
DNAM-1 DNAX accessory molecule-1
ECM Cytokines, extracellular matrix
EGFR Epidermal growth factor receptor
EPCAM Epithelial cell adhesion molecule
FasL Fas ligand
FRα Folate receptor α
FIGO International Federation of Gynecology and Obstetrics
FDA The Food and Drug Administration
GM-CSF Granulocyte-macrophage colony-stimulating factor
GvHD Graft-vs.-host disease
HER2 Human epidermal growth factor receptor 2
HLA Human leukocyte antigen
HNC Head and neck cancer
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HPD Hyperprogressive disease
HRD Homologous recombination deficiency
HSC Hematopoietic stem cell
ICANS Immune effector cell–associated neurotoxicity syndrome
ICI Immune checkpoint inhibitor
ICP Immune checkpoint
IFN-γ IFN-γ
IL Interleukin
iNKT Invariant natural killer T
mAb Monoclonal antibody
MDSC Myeloid-derived suppressive cells
MHC Major histocompatibility complex
MIP-1α Macrophage inflammatory proteins α
MIP-1β Macrophage inflammatory proteins β
miRNA MicroRNA
Mo-DCs Eliminate monocyte-derived dendritic cells
NK Natural killer
NKT Natural killer T
NSCLC Non-small cells lung cancer
NY-ESO-1 New York esophageal squamous cell carcinoma 1
OC Ovarian cancer
OS Overall survival
PARP Poly (ADP-ribose) polymerase
PARPi Poly (ADP-ribose) polymerase inhibitor
PB Peripheral blood
PBMC Peripheral blood mononuclear cell
PD-1 Programmed death receptor-1
PD-L1 Programmed death ligand-1
PFS Progression-free survival
PTK7 Protein tyrosine kinase
RANTES Regulated on activation normal T cell expressed and secreted
TAA Tumor-associated antigen
TAE Transarterial embolization
TAM Tumor-associated macrophage
TCB T cell redirecting bispecific
TCR T cell receptors
TCR-iNKT T cell receptor invariant natural killer T
TCR-T cell T cell receptor T cell
TGF-β Transforming growth factor β
TIGIT The T-cell immunoglobulin and ITIM domain/CD155/DNAX
TIL Tumor-infiltrating T cell
TLR Toll-like receptor
TME Tumor microenvironment
TNF-α Tumor necrosis factor α
TRAIL TNF-related apoptosis-inducing ligand
Treg Regulatory T cells
VEGFi Vascular endothelial growth factor inhibitor
WHO World Health Organization
αGalCer/DCs αGalCer-pulsed DCs
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