
Worldwide, over 250,000 women are diagnosed with ovar-

ian cancer each year, and about 140,000 women die from the

disease. In the USA, estimated new cases 22, 280 and 14,240

deaths from ovarian cancer in 2016 [1]. The standard treat-

ment of advanced ovarian cancer is cytoreductive surgery

followed by a combination of platinum-based and taxane-

based chemotherapy. Currently, the standard of care for pa-

tients with recurrent ovarian cancer is platinum-based

combination chemotherapy for patients who relapse more

than six months after completing adjuvant therapy. For pa-

tients with a platinum-free interval of less than six months,

sequential single agent chemotherapy is recommended. A

plateau has been reached for intravenous chemotherapy. On

the other hand, the use of bevacizumab has increased pro-

gression-free survival (PFS), but has not shown a notable in-

crease in overall survival (OS)[2]. New treatments such as

immunotherapy are being actively pursued for patients with

ovarian cancer. There is a strong evidence supporting the role

for the immune system in ovarian cancer surveillance. The

goal of immunotherapy is to generate a tumor-specific, T cell

response that absolves minimal residual disease and protects

against future recurrence. Zhang et al. have shown that the

presence of intratumoral T cells in patients with advanced

ovarian cancer correlated with improved clinical outcome

[3]. Clinical successes have validated immunotherapeutic

treatment strategies as and immunotherapy agents have

marked potential to improve outcomes for patients with ovar-

ian cancer. A subset of patients with advanced cancers can re-

spond to single-agent immune checkpoint blockade.

However, most patients do not respond to such single-agent

therapy. Immune checkpoints have been thought as targeted

therapy for epithelial ovarian cancer. They are inhibitory

pathways that downregulate activated T cells following anti-

gen presentation and co-stimulatory signaling by APCs. By

controlling the immune response, immune checkpoint sig-

naling prevents collateral self-tissue damage. One should

note, that during tumorigenesis, cancer cells express proteins

that activate immune checkpoint pathways and induce im-

mune suppression, thereby evading targeting and removal by

the immune system. The initial combination immunothera-
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Summary

The standard of care for patients with recurrent ovarian cancer is platinum-based combination chemotherapy for those who relapse

more than six months after completing adjuvant therapy. The use of biological agents such as bevacizumab has increased progression-

free survival (PFS), but has not shown a significant increase in overall survival (OS). Immunotherapy treatment modality is being ac-

tively pursued for patients with ovarian cancer. The goal of immunotherapy is to generate a tumor specific, T cell response that decrease

residual disease, and protects against future recurrence. Combination therapy of anti-PD-1 antibodies, and anti-CTLA-4 antibodies re-

verses the TIL dysfunction and induces tumor regression in solid tumors, including ovarian cancer. When GM-CSF vaccine is added,

it results in increased tumor rejection.
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pies for ovarian cancer patients were based on immune

checkpoint blockade strategies. It was observed that about

half of TILs were double positive for both CTLA-4 and PD-

1 and displayed a decreased proliferation capacity and in-

ability to produce effector cytokines [4]. Predictive

biomarkers may identify which patients will respond to

monotherapy. In general, immunological agents may im-

prove response rates and also can improve the duration of

response by enhancing the antitumour immunological mem-

ory. It was observed that the antitumor effect of im-

munotherapy by itself, is insufficient to achieve long-lasting

clinical responses in patients with advanced ovarian cancer.

Also, it was shown that, anti-PD-1/OX40 mAb inhibit the

tumor development in the ten-day established ID8 ovarian

cancer model, resulting in the long-lasting survival of 60% in

the mice, while individual mAb was ineffective in tumor pro-

tection. This suggests that combined PD-1 blockade and

OX40 activation may serve as a novel immunotherapeutic

option for treatment of ovarian cancer [5]. Combinations of

immunotherapies require well-planned phase I dose-finding

trials to assess the danger of overstimulating the immune sys-

tem. This was noted when the when T cell co-stimulatory re-

ceptor CD28 was targeted [6]. All subjects treated with a

CD28 developed life-threatening toxicity [7]. However, en-

couraging results from combinations with PD1 and PDL1

inhibitors have been reported from multiple phase I trials, in-

cluding combinations with CTLA4 blockers, with cytotoxic

chemotherapy, with radiation therapy or with small-mole-

cule inhibitors such as the vascular endothelial growth fac-

tor receptor (VEGFR), tyrosine kinase inhibitors sunitinib or

pazopanib [8-14]. Toxicities occur frequently with such com-

binations. These toxicities are immune-related adverse ef-

fects, which can be managed with immunosuppressants. The

rationale for combining CTLA4 and PD1 blockers is com-

pelling as both CTLA4 and PD1 are expressed on T lym-

phocytes. However, these pathways have different

mechanisms for inhibiting the function of these cells [15, 16].

CTLA4 competes with CD28 for CD80/CD86 ligands and

thereby blocks the CD28 co-stimulatory signal. By contrast,

PD1 is expressed on activated lymphocytes and overex-

pressed on exhausted lymphocytes. Hence, the interaction

between PD1 and its ligands reduces T cell activation and

decreases their cytotoxic activity [17]. The administration of

both anti-PD-1 antibodies and anti-CTLA-4 antibodies re-

versed the TIL dysfunction and induced tumor regression in

50% of the mice relative to 25% with either agent as a

monotherapy. When GM-CSF gene vaccine, GVAX, added

to the therapeutic regimen further increased tumor rejection

to 75% in the ID8-VEGF mice. The combination of anti-

CTLA-4 and GVAX has also been tested in 11 patients with

metastatic ovarian carcinoma [18]. Three patients achieved

stable disease as measured by CA-125 levels and one patient

achieved an objective response by radiographic criteria and

maintained disease control over four years with regular in-

fusions of anti-CTLA-4 antibody. 

To conclude, immune checkpoint inhibitors have shown

clinical activity in several cancers, especially melanoma, and

they represent a major step forward in cancer immunother-

apy. These immune check inhibitors are likely to be utilized

as ovarian cancer immunotherapy, given the potential for

rapid, durable responses, and their favorable toxicity pro-

files. Their function in the treatment of patients with ovarian

cancer remains to be defined, but the initial results seem to

be promising. Next challenges should be the clinical devel-

opment of combinatorial approaches and further defining pa-

tients who benefit from immune checkpoint monotherapy

and patients who require potentially more active, albeit more

toxic combination regimens. Most importantly, the identifi-

cation of potential biomarkers that can determine which im-

mune checkpoint pathway(s) dominate in a particular tumor

will be essential for the choice of inhibitor. In addition, tumor

response is related to the patient’s immune features and spe-

cific tumor characteristics, and the goal of future clinical tri-

als will be to identify subsets of patients based on histologic,

molecular, and immune characteristics.
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