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Despite recent advances in targeted therapies, epithelial ovarian cancer (EOC) remains the 

most lethal form of gynecologic malignancy. Thus, improving the clinical outcome of 

patients will require reinvestment in research development and further clinical investigation. 

T-cell accumulation in EOC is prognostic for survival and recent advances in adoptive T-cell 

therapy now provide a renewed opportunity to specifically modulate T-cell number and 

activity in EOC and mediate tumor regression. Here, we discuss the application of adoptive 

T-cell transfer based immunotherapy and its prospects for the treatment of EOC.

Evidence of the role of the immune system in human EOC comes from epidemiologic and 

clinical data demonstrating the presence of CD3+ tumor-infiltrating T lymphocytes (TILs) 

and its association with favorable prognosis and longer survival [1]. Patients whose tumors 

contained TILs had 5-year overall survival rate of 38%, whereas patients whose tumors 

lacked TILs only had a rate of 4.5%. Additionally, the 5-year progression-free survival rates 

for patients whose tumors harbored or lacked TILs were 31.0 and 8.7%, respectively. 

Follow-up studies revealed that the prognostic value is strongest for CD8+ cytotoxic T 

lymphocytes that are localized within the epithelial component of tumors, rather than the 

associated stroma, and that other factors associated with cytotoxic T-lymphocyte activity are 

also associated with increased survival, e.g., IFNγ, IFNR, TNFα and MHC class I. By 
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contrast, regulatory T cells, which suppress immune responses and maintain tolerance to 

self-antigens, are associated with decreased survival [2]. The functional phenotype and 

composition of TIL subsets further supports the notion that immune activation is associated 

with improved survival [3]. For instance, CD8+CD103+ T cells with an effector memory 

phenotype are present in large numbers in some high-grade serous ovarian cancers and are 

correlated with survival, without the need to discriminate their epithelial versus stromal 

location [4]. These provoking findings provide the basis for therapeutic applications that 

dramatically bolster the number and functional activity of endogenous immune cells in high-

grade serous ovarian cancer.

Current immunotherapies for EOC fall into three broad categories: broad-acting immune 

checkpoint inhibitors and cytokines; therapeutic vaccines and the focus of this editorial, 

adoptive lymphocyte transfer. The infusion of T lymphocytes, referred to as adoptive cell 

therapy (ACT), has the potential to enhance antitumor immunity, augment vaccine efficacy 

and eradicate tumor, as observed in some tumor types. Adoptive transfer of TILs requires the 

isolation of T cells from fresh patient biopsy specimens and the progressive expansion of 

tumor-specific T cells ex vivo. Early studies have identified methods to yield polyclonal 

tumor-reactive T cells from tumors or ascites. In addition to TILs being present in ovarian 

cancer, the tumor cells themselves express individualized mutated self-proteins [5] and 

shared tumor associated-antigens, such as HER2/Neu, folate receptor alpha, mesothelin, NY-

ESO-1, WT1 and TAG-72, which can serve as targets for humoral and cellular immune 

responses. Together, the characteristics of tumor cells and immune components in the EOC 

microenvironment suggest that these cancers may be responsive to adoptive immunotherapy.

Early clinical trials of ACT in EOC utilized autologous ex vivo activated peripheral blood T 

cells that were armed with a bispecific antibody, OC/TR, for redirected specificity for folate 

receptor alpha [6]. Patients received tumor debulking laparotomy followed by two cycles of 

five daily intraperitoneal infusions of armed T cells plus recombinant interleukin-2 (IL-2). 

Encouraging results were reported with an overall intraperitoneal response rate of 27%, 

including three complete responses in the 19 patients evaluated. Importantly, no overt ‘on-

target, off-tumor’ immune sequelae were observed in healthy organs that express low level 

folate receptor and thus established that autologous T cells with redirected specificity could 

induce tumor regression in EOC.

An alternative approach to T-cell transfer in EOC has relied on the use of endogenous 

tumor-reactive TILs derived from autologous resected tumor. In one study, patients who 

received adjuvant therapy with TILs following completion of chemotherapy and surgical 

debulking experienced a survival advantage with a 3-year disease-free survival rate of 100%, 

compared with 67.5% in the cohort receiving chemotherapy alone, although these patients 

lacked available TIL and may have been in a poor prognostic group [1,7]. Since then, 

opportunities for optimization have become available to enhance the efficacy of ACT for 

EOC. For instance, host preconditioning with lymphodepleting chemotherapy increases the 

response to adoptive immunotherapy with TILs. Additionally, increased knowledge and 

optimized methods of tumor-reactive TIL selection and expansion can further bolster the 

ACT potency. For example, TIL persistence after infusion is associated with response to 

therapy and T cells that persist in patients experiencing tumor regression are characterized 
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by a less-differentiated, CD27+CD28+ memory phenotype [8], rationalizing the use of less-

differentiated T cells in ACT. Moreover, we recently identified tumor necrosis factor 

receptor superfamily, member 9 (TNFRSF9, CD137, 4-1BB) as a marker for the 

identification of tumor-reactive T cells in tumors from EOC patients [9] and developed a 

rapid, comprehensive system to isolate tumor-reactive T cells with superior antitumor-

potential in vitro and in vivo in a preclinical model of human EOC. Since this approach 

captures TILs with both shared and patient-specific antigen specificity indiscriminately, it is 

likely to bolster adoptive TIL efficacy in EOC, as emerging data suggests that T-cell 

reactivity against tumor-specific neo-antigens may be critical to the clinical efficacy of ACT 

therapy [10].

Some patients are not eligible to receive TIL ACT due to nonresectable disease or inability 

to produce tumor-reactive TILs. One approach to overcome this challenge is to either induce 

or engineer T cells to redirect them against tumor. Since several ovarian cancer-associated 

antigens have been identified, antigen-based vaccines have been utilized to induce tumor-

reactive T cells. In Phase I trials, vaccination with overlapping long peptides from a single 

human cancer/testis antigen, NY-ESO-1, with poly-ICLC adjuvant was able to induce both 

CD4+ and CD8+ T-cell responses in most vaccinated patients [11,12]. Potent vaccine-primed 

T cells against an antigen such as NY-ESO-1 would appear amenable to ACT. Alternatively, 

one may apply a multiantigen vaccine comprised of known and private patient-specific 

antigens to broaden the antitumor response in ACT. In our study, HER2 peptide- and whole 

tumor lysate-pulsed autologous DC vaccination in combination with bevacizumab and 

metronomic cyclophosphamide, followed by adoptive transfer of autologous vaccine-primed 

T cells, showed safety, and importantly, immunological and clinical efficacy in four out of 

six treated patients [13].

Engineering T cells to redirect their specificity is another promising approach for treating 

EOC patients without available TILs. One route relies on genetically modifying nonreactive 

patient T cells ex vivo to express a cloned T-cell receptor (TCR) highly specific to tumor-

associated epitope, thereby generating large numbers of therapeutic T cells with tumor 

antigen-specificity conferred via introduction of the exogenous TCR. ACT therapy with 

TCR-transduced T cells redirected against melanoma-differentiation can be effective in 

metastatic melanoma patients [14] and may be effectively applied to EOC using alternative 

TCRs. HLA-A2-restricted TCRs specific for epitopes from known ovarian cancer antigens 

such as NY-ESO-1, WT1, p53 are available for clinical application [15–17]. The field is now 

anticipating encouraging results from ongoing clinical trials with NY-ESO-1 TCR in EOC 

(NCT01567891). The NY-ESO-1 TCR was safe and effective in TCR-therapy for melanoma 

and synovial sarcoma [15]. Beyond NY-ESO-1, a new ErbB-2369–377 peptide-specific TCR 

isolated from a ErbB2 peptide-pulsed DC vaccinated HLA-A2+ patient also holds promise 

for targeting ovarian cancer [18], given its broad expression of ErbB2 at immunologically 

detectable levels [19].

While TCRs can recognize intracellular processed antigen, MHC loss and loss of antigen 

processing machinery may thwart their ability to recognize some ovarian cancers. 

Alternatively, T cells can be transduced to express a chimeric antigen receptor (CAR) to 

permit recognition of surface antigens. CARs are composed of an extracellular domain that 
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specifically binds to tumor epitopes through a single-chain variable fragment antibody 

linked to intracellular signaling domains that mediate T-cell activation. Because CARs bind 

to native cell surface tumor-antigens, they have two major advantages over TCRs. First, the 

HLA-independent recognition of antigen makes them broadly applicable regardless of the 

subject’s HLA type and level of HLA expression on tumor cells. Additionally, incorporation 

of costimulatory domains, for example, CD27, CD28 and/or 4-1BB, into CARs supports 

activation, survival and persistence of engineered T cells [20]. Although, CARs specific for 

TAAs expressed by EOC have been investigated in mice and/or humans, for example, FRα 

[20], MUC-1, HER-2 [21] and mesothelin [22], clinical trials utilizing this approach are 

limited. To date, only one pilot study of adoptive transfer of CAR T cells has been 

conducted in ovarian cancer. Although, no clinically evident antitumor responses, feasibility 

and safety of CAR therapy in EOC was established [23], and the limitations of this pilot 

study have now been overcome. Persistence of engineered T cells can be dramatically 

improved by using human single-chain variable fragment and by adding costimulatory 

signaling domain to the CAR. With platform optimization, two new costimulated 

antimesothelin CAR T-cell trials are now being conducted in ovarian cancer; one involving 

the intravenous infusion of lentiviral transduced antimesothelin CAR T cells administered 

with and without preconditioning with lymphodepleting chemotherapy (NCT02159716) and 

another applying lymphodepleting preconditioning chemotherapy, and the transfer of the 

antimesothelin CAR T cells with Interlekin-2 cytokine administration (NCT01583686). 

Given the expression of mesothelin protein on peritoneal and pleural cavities and pericardial 

tissues, there is great interest in whether these CARs can differentiate between 

overexpressed antigen on cancer and that on healthy tissues to provide a safe and effective 

therapeutic window in women with advanced EOC.

Evidence accumulated over the past two decades supports the notion that ACT may be a 

powerful treatment option for ovarian cancer patients. We stand at a transition point at which 

bench research has increasingly moved to bedside application. Numerous studies have 

demonstrated the feasibility of adoptive transfer of natural or genetically engineered 

lymphocytes with TAA specificity as a method of treating cancer. As this concept undergoes 

further refinement, more effective and safe approaches will undoubtedly be developed, and 

novel combinations with additional immunomodulatory agents to augment the functionality 

of adoptively transferred T cells, such as cytokines, immune checkpoint inhibitors or agents 

that reduce immunosuppressive cell function and/or number, may ultimately increase ACT 

efficacy and aid in allowing ACT to reach its full therapeutic potential in women with 

ovarian cancer.
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