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Despite unprecedented activity and indications to treat many tumors, benefit from immune 

checkpoint inhibitors (ICIs) remains elusive for women with ovarian cancer. Trials of single 

agent pembrolizumab and avelumab in recurrent ovarian cancer yielded response rates of 

less than 10% and a comparison of nivolumab to standard single agent chemotherapy 

demonstrated worse progression-free survival (PFS) in the immunotherapy group (1–5). 

Positive data from phase II trials combining immunotherapy with standard of care therapies 

led to several phase III trials. In the front-line setting, JAVELIN Ovarian 100 compared 

chemotherapy followed by avelumab maintenance to chemotherapy and avelumab followed 

by avelumab maintenance to chemotherapy only, demonstrating no PFS improvement in 

the immunotherapy arms over standard chemotherapy (6). Similarly, the IMAgyn50 trial 

compared atezolizumab or placebo combined with paclitaxel, carboplatin, and bevacizumab 

in the neoadjuvant setting and demonstrated no improvement in PFS with the addition 

of atezolizumab (7). In the recurrent setting, the phase III JAVELIN Ovarian 200 trial 

randomized participants to avelumab alone, pegylated liposomal doxorubicin (PLD) alone, 
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or avelumab and PLD with no improvement of either overall survival (OS) or PFS in 

either immunotherapy arm over chemotherapy alone (8). Similarly, in ATLANTE/ENGOT-

ov29 atezolizumab or placebo was added to bevacizumab and a platinum doublet, with no 

improvement in PFS (9) (Table 1). Taken together, ICIs appear ineffective as single agents, 

in combination, in the front-line and recurrent settings.

Immunotherapy resistance in ovarian cancer is primarily mediated by a “cold” or 

immunosuppressive tumor microenvironment characterized by low infiltration of CD4+ 

and CD8+ T-cells as well as the presence of immunosuppressive macrophages, fibroblasts, 

and increased expression of regulatory T-cells, which secrete immunosuppressive cytokines 

(10,11). Cold tumors are also less likely to exhibit clinically useful biomarkers including 

tumor mutation burden (TMB), programmed cell death ligand 1 (PD-L1) expression, and 

microsatellite instability/mismatch repair deficiency (MSI/MMR). A recent meta-analysis 

including 42 clinical trials assessing immunotherapy in ovarian cancer patients demonstrated 

that approximately half of ovarian cancers had a combined positive score (CPS) of ≥1%, 

while less than 10% had a CPS score ≥10%. Moreover, PD-L1 positivity did not predict OS 

or PFS, suggesting PD-L1 is not a useful biomarker in ovarian cancer (12). In contrast, high 

TMB, MSI-high (MSI-H), and MMR deficiency are rare in ovarian cancer, but do predict 

response to ICIs. The median TMB in ovarian cancer is 3.6 mutations per megabase and 

approximately 10% have a TMB ≥10 (13,14). ICI’s appear effective with similar response 

rates across cancer types in this population, and pembrolizumab has a disease agnostic 

indication for TMB ≥10 (15,16). Likewise, less than 5% of ovarian cancers are MSI-H or 

MMR deficient, but ICIs appear effective regardless of tumor type and pembrolizumab has 

a disease agnostic indication for MSI-H (16). Clearly, new strategies are needed for the 

majority of ovarian cancers.

Based on the early recognition of the importance of CD3+ tumor infiltrating lymphocytes 

(TILs) in ovarian cancer clinical outcomes, cell-based therapies (CTs), which are 

manufactured for individual patients using their own immune effector cells, have garnered 

significant interest in ovarian cancer (17) (Table 2).

Green and colleagues recently tested a novel CT strategy of combining intraperitoneal 

monocytes and interferon (IFN) (18). Based on data demonstrating that IFN-activated 

monocytes are synergistic in a xenograft mouse model of ovarian cancer, and the 

combination differentiates monocytes into anticancer M1 macrophages, the investigators 

performed a phase I dose escalation study (18,25). Eighteen participants underwent an 

apheresis procedure to obtain monocytes on day 0, and on day 1 of every 28-day cycle 

received pegylated IFNα−2b and IFNγ−1b with or without autologous monocytes by 

intraperitoneal administration. Three patients were excluded for catheter related problems 

or difficulty tolerating apheresis. According to CTCAE 4.0 criteria, there was one dose 

limiting toxicity (DLT), a grade 3 anemia in dose level 2. The recommended phase 2 

dose (RP2D) was the highest dose tested, 250 mcg IFN-α, 50 mcg IFN-γ, and 750×106 

monocytes. Of the 9 heavily pre-treated patients with RECIST measurable disease, there 

were 2 patients with a partial response (PR), 4 with stable disease (SD), and 3 with 

progressive disease. Long term responders (LTRs), defined as completing more than 5 cycles 

of therapy, had significantly lower immunosuppressive cells [natural killer (NK) cells], 
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T-regs at baseline, and myeloid-derived suppressor cells (MDSCs) at baseline compared to 

the other patients and most had a marked increase in MDSCs at the time of progression. 

Exploratory biomarker studies suggested the antitumor effect of IFN-activated monocytes 

relies on tumor-necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) (18).

Strengths of this approach include proof of concept of anticancer activity and tolerability. 

This study enrolled heavily pre-treated patients with a median of 5 prior lines of therapy and 

as a dose escalation study, only a small number of patients were treated at the recommended 

phase 2 dose. Nevertheless, 2 of 9 patients achieved a PR and 3 of 18 patients were 

LTRs. In addition, of 18 patients included in the safety analysis, only one DLT occurred 

in dose level 2, a grade 3 anemia. The major weakness of the study is feasibility, with 

several patients experiencing catheter problems or unable to tolerate apheresis (18). Also 

of concern, few patients responded and the LTRs were less immunosuppressed at baseline, 

suggesting that the regimen, like ICIs, is more effective in the small number of women with 

immunologically active ovarian cancer rather than truly activating “cold” tumors.

Other strategies for the development of ovarian cancer CTs include TILs, T-cell receptor 

(TCR) engineered T-cells, dendritic cells (DCs), NK cells, and CAR-T cell therapy. TILs 

are manufactured by isolating autologous CD4+ and CD8+ lymphocytes from the patient’s 

tumor tissue, which are expanded in the laboratory, further activated with cytokines, and 

re-infused to the patient. TILs are given alone or in combination with additional cytokines 

and sometimes chemotherapy or immunotherapy. Lymphodepleting chemotherapy with or 

without whole body irradiation is also often used. The majority of development and success 

in TIL therapy has been in melanoma, and one product, lifileucel, is currently under review 

by the Food and Drug Administration (FDA) (26). In addition, a number of small clinical 

trials in ovarian cancer have been conducted in both the maintenance and recurrent settings. 

Most recently, 6 patients with recurrent, platinum resistant high-grade serous ovarian cancer 

underwent surgical removal of their ovarian cancer after being pre-treated with ipilimumab 

to enhance TIL harvest (19). Expansion of TILs was successful in all patients, although 

one patient discontinued due to rapidly progressive disease. After infusion of TILs patients 

received low dose IL-2 and nivolumab. By 12 weeks, 4 of 6 patients had progressed, 

however one patient had prolonged SD of greater than one year. Two patients discontinued 

study treatment due to toxicity. As observed with ICIs and IFN-activated monocytes, a small 

fraction of ovarian cancers appears to benefit from TILs. However, TILs have substantial 

toxicity, even with reduced dose IL-2, resulting in 2/6 subjects discontinuing study therapy 

and require a surgical procedure to isolate TILs. Further efforts are needed to improve 

activity of TIL cells outside of melanoma include selection of antigen specific TILs as well 

as combinations with immunotherapy.

Afamitresgone autoleucel (afemi-cel) is an autologous T-cell therapy targeting melanoma-

associated antigen A4 (MAGE-A4) which is expressed in multiple solid tumors, including 

ovarian cancer. Afemi-cel is produced by obtaining T-cells via apheresis which are 

subsequently transduced to express a high affinity TCR targeted against a MAGE-

A4230−239 peptide, GVYDGREHTV, presented by HLA-A*02. Afemi-cel was studied 

in a phase I trial in patients with relapsed/refractory metastatic solid tumors with 

measurable disease and tumors expressing MAGE-A4 and HLA-A*02. Doses were based 
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on total transduced cells and were escalated in three groups ranging from 0.8×109 to 

10×109 transduced cells along with lymphodepleting chemotherapy prior to afemi-cel 

administration. The highest dose was selected for the dose expansion phase. All DLTs 

occurred in the expansion group and included cytopenia (4), aplastic anemia (1), and 

cerebrovascular accident (1). The modified intention to treat population (mITT) included 

38 patients, of which 9 had ovarian cancer, who received afemi-cel therapy and all patients 

in this group had grade 3 adverse effects, most commonly lymphocytopenia, neutropenia 

and thrombocytopenia, with 9/38 (24%) with prolonged neutropenia lasting more than 

4 weeks. There were also two deaths on study that were possibly related to treatment. 

Cytokine release syndrome (CRS) was a frequent occurrence in responders, affecting 21 

patients (55%). The objective response rate (ORR) was 24% (9/38) and all were PR. 

Synovial sarcoma appeared have the most benefit, with 44% (7/16) patients responding. 

All responders had tumor MAGE-A4 H-scores of >200. Five of six patients with ovarian 

cancer in the mITT group had SD, but no responses were observed, likely due to lower 

MAGE-A4 scores which ranged from 15–220 among ovarian cancer participants. Overall, 

the phase I study demonstrated afemi-cel is a promising therapy for patients high MAGE-A4 

scores and a phase II SPEARHEAD-1 trial is planned in synovial sarcoma (20). However, 

the therapy is limited by substantial toxicity and little activity in ovarian cancer.

CAR-T cells produce clinically meaningful results in hematopoietic cancers, with six 

approved products, however, success has been limited in solid tumors. CAR-T cells are 

manufactured by obtaining T-cells from an apheresis procedure and engineered to express a 

CAR that recognizes specific tumor antigens. CAR-Ts also typically include co-stimulatory 

molecules to enhance T-cell activation. When the CAR-T binds to the antigen on a cancer 

cell, T-cell activation and expansion occurs resulting in cancer cell death. One challenge in 

development of CAR-T cells is that ovarian tumors often lack tumor-specific antigens. As 

a result, tumor-associated antigens (TAAs) that are expressed in normal tissue and tumor 

tissue are under evaluation for CAR-T cell development including erb-b2 receptor tyrosine 

kinase (ERBB2, HER2), epithelial cell adhesion molecule (Ep-CAM), folate receptor alpha 

(FOLR1, FRα), mesothelin (MSLN), and CA125/MUC16. CAR-T cells against ovarian 

cancer TAAs have demonstrated potential as treatment for ovarian cancer in mouse models 

(21,27,28). A phase 1 dose escalation has also been reported. In this trial 18 heavily 

pre-treated women with high grade serous ovarian cancer who expressed MUC16 received 

escalating doses of MUC16 targeted CAR-T cells. Doses were escalated between 3×105–

1×107 cells and were given without lymphodepletion in the dose escalation phase. Half 

of the CAR-T dose was given intravenously (IV), followed by the remainder of the 

dose administered intraperitoneally 1–2 days later if the IV dose was tolerated. A dose 

expansion phase at the highest dose also included lymphodepleting chemotherapy. There 

were no DLTs in the dose escalation phase, however, 2/3 patients in the dose expansion 

phase with lymphodepletion experienced a DLT and all patients experienced CRS. Best 

response was SD, however some patients demonstrated prolonged persistence of CAR-T 

cells (22). Another phase I study is actively recruiting recurrent ovarian cancer patients with 

a confirmation of tumor FRα expression (21). Further work is needed to improve CAR-T 

effectiveness against solid tumors and minimize toxicity when there are few targetable tumor 

specific antigens.
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Beyond T-cells, DCs and NK cells are being evaluated as potential CTs. DCs are antigen 

presenting cells that activate T-cells. DC-based vaccines (DCVAC) require isolation of 

monocytes via an apheresis procedure, which are differentiated to immature DCs and primed 

by exposure to TAAs sourced from ovarian cancer immortalized cells (OV-90). An open-

label phase II trial studying DCVAC in women with newly diagnosed ovarian cancer who 

have completed cytoreductive surgery is ongoing. Patients are randomized to three groups 

to receive either DCVAC concomitantly or sequentially with carboplatin plus paclitaxel 

or chemotherapy alone. The interim safety analysis included 130 patients, with patients 

receiving a median number of 10 DCVAC doses. DCVAC related adverse events (AEs) 

occurred in 4 of 87 patients who received DCVAC and one patient discontinued DCVAC 

treatment due to AEs. There were possibly two treatment related deaths in the sequential 

DCVAC group. An interim analysis performed at 42.2% data maturity suggested a median 

PFS benefit of DCVAC when used sequentially to chemotherapy with estimate of PFS at 

2 years 47% [95% confidence interval (CI): 28–64%] in the concomitant DCVAC group, 

75% (95% CI: 55–87%) in the sequential DCVAC group, and 46% (95% CI: 27–63%) in 

the chemotherapy alone group (23). On further analysis, clinical benefit of DCVAC was 

found to be more pronounced in patients with lower-than median TMB and scant CD8+ 

T-cell infiltration (29). This appears promising as patients with a low TMB likely harbor 

immunologically cold tumors that are unlikely to respond to ICIs.

NK-cells are lymphocytes that can induce apoptosis through Fas and TRAIL in cells 

expressing stress-induced ligands or decreased class I major histocompatibility complexes 

and produce cytokines critical to the innate immune response (30). Prior studies show low-

dose IL-2 administration activates NK-cells in cancer patients and demonstrated anticancer 

activity of haplo-identical NK-cell infusion and low dose IL-2 with 5 of 19 acute myeloid 

leukemia (AML) patients achieving a complete remission (31). Based on these promising 

results, a phase II study of allogenic NK-cells from haplo-identical donors infused in 

combination with subcutaneous IL-2 following lymphodepleting chemotherapy or immune 

suppressing total body irradiation in recurrent ovarian and breast cancer patients was 

performed (24). At 4–6 weeks following treatment 4 of 20 patients had a PR (4 ovarian), 

12 with SD (8 ovarian), and 3 with progression (1 ovarian). The median time to progression 

was 2 months (range, 1–6 months). Unfortunately, none of the patients had successful in 
vivo NK-cell expansion or persistence of donor-derived NK cells as seen in AML patients. 

Moreover, most patients had increased immunosuppressive regulatory T-cells 14 days after 

treatment, which likely limited treatment effect. Additionally, there is potential for toxicity 

with unanticipated severe AEs including decreased cardiac ejection fraction, passenger 

lymphocyte syndrome, and death. The death was attributed to tumor lysis syndrome in an 

ovarian cancer patient (24). Though NK CT produced clinically meaningful results in AML, 

more work needs to be done in solid tumors to augment NK cell persistence and expansion.

Few advancements in ovarian cancer treatment have been made since GOG 111 determined 

a platinum-doublet which improved PFS and OS in 1996 (32). Increased understanding 

of the tumor microenvironment provides opportunity for innovative treatments, and several 

CTs are actively under development for the treatment of ovarian cancer. TILs, engineered 

TCRs, CAR-Ts, DCVACs, and NK CTs have been evaluated in small trials in ovarian 

cancer and generally have limited activity, substantial toxicity, and complex manufacturing 
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and administration schedules, which are challenges to overcome. Additional challenges 

to successful implementation of CTs in ovarian cancer include, low accumulation of 

anticancer immune cells due to an immunosuppressive microenvironment, persistence of 

the immunomodulating effects, and minimization of T-cell exhaustion (33,34). The recent 

trial evaluating intraperitoneal administration of IFN-activated monocytes showed promising 

activity in a heavily pre-treated population with little toxicity (18). In addition, while 

still requiring an apheresis procedure, monocytes are activated in the patient with IFN 

administration rather than engineered in the lab, suggesting a simplified manufacturing 

process compared to other CTs. Further studies are needed to assess the efficacy, safety, 

duration of effect, and appropriate patient population to derive clinically meaningful benefit 

from autologous infusion of IFN-activated monocytes, however this approach appears 

promising for further clinical development.
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