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Introduction
Immune checkpoints are many inhibitory 
pathways connected to the immune 
system those are crucial for maintaining 
self‑tolerance. They modulate the 
duration and amplitude of physiological 
immune responses in peripheral tissues 
to minimize collateral tissue damage. 
The blockade of immune checkpoints has 
become one of the most promising approaches 
to activating therapeutic anti‑tumor 
immunity.[1] This is T‑lymphocyte‑mediated 
unique tumor‑specific immunity with 
complex pathways. Rapidity of the 
development of drugs acting through these 
pathways has been spectacular. There is 
a great expectation from this modality 
in treatment. Approval has already come 
from Food and Drug Administration (FDA) 
for melanomas and squamous and 
nonsquamous non‑small cell lung cancer 
(SCLC). Ovarian cancer is other major 
area where immunity was shown to play 
major role. Hence, trials are on for this 
indication. The initial euphoria of discovery 
of drugs of the century is taken over by the 
despair of hitherto low response. However, 
a greater challenge waits us and that is to 
find the reason of such stable and durable 
response of only about 10%–20%. It has 
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Abstract
Although the idea, called “cancer immunotherapy,” is very appealing and has previously been shown 
to work in several mouse models of cancer, it has in general been very difficult to translate cancer 
immunotherapy approaches to humans. Because of this frustration, by the 1990s, many scientists and 
biotechnology companies had given up on the idea of cancer immunotherapy. After few years, first 
detection T‑cell suppression of effect of cytotoxic T‑lymphocyte antigen‑4 (CTLA4) molecule was 
established. Antibody  (Ab) to CTLA4 could increase T‑cell starting a completely new age of tumor 
immunology. Immune checkpoints are new ways in manipulation of immunological control over 
malignant tumors. It has lent an important measure to manage, especially recurrent and refractory 
cancers and those cancer where there is an unmet need like recurrent melanoma, renal cell carcinoma, 
and recurrent ovarian cancer. As a new development, this subject is experiencing rapid progress, and 
multiple avenues are opening up. Although there are many hurdles to overcome this needs constant 
updating, especially for students of ovarian cancer who are looking at it with much hope.
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not been possible till date to increase 
this even using two or more such agents 
covering broader area of the mechanism 
of action. Currently, they are combined 
with other targeted therapies such as 
poly  (adenosine diphosphate‑ribose) 
polymerase  (PARP) inhibitor and also 
with different chemotherapies. While 
good markers need to be developed to 
find out the subset of people who will be 
benefited from such modality, extra effort 
seems to be needed to pinpoint reason of 
such truncated effect and more so to detect 
ways to increase cure rate subverting the 
weakness involved. Being a significant 
footstep toward understanding the process 
of neoplasia and is control, it seems 
worthwhile to take a close look in this 
subject of immune checkpoint and its use 
in ovarian cancer; hence, this review.

Major Pathways
Regulation of T‑lymphocyte‑mediated 
tumor‑specific immunity is, however, 
through highly complex pathways 
which include both inhibitory as well as 
stimulatory processes.[2] Cancer antigens 
are either released by cell death or as 
such present on membrane in a variety of 
aggressive cancer cells. Dendritic cells 
(DCs or antigen presenting cell  [APC]) 
recognize, take up, process, and present 
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the tumor antigens from dead cell to the immune system. 
Major histocompatibility complex  (MHC) Class  I (short 
peptides of 8–9 amino acids) expresses them in activated 
CD8+ cells while MHC Class  II  (longer peptides of 14–20 
amino acids) works by activating CD4+  T‑cells. Activated 
DC induces robust cross‑priming of tumor antigen–
specific T‑cells within the draining lymph node, leading 
to systemic infiltration of both treated and distant tumor 
sites. CD8+ T‑cells thus migrating back to tumor sites enter 
the tumor microenvironment  (TME). There, CD8+  T‑cells 
recognize tumor cells and lyse them, releasing additional 
tumor antigens, and perpetuating the cycle.

A variety of positive and negative signals can promote or 
hinder this process at each step [Figure 1]. The regulation 
of T‑cell activation historically requires two signals. 
Signal one is transmitted after recognition of antigen 
in the context of MHC by the T‑cell receptor  (TCR). 
However, MHC binding is insufficient for producing a 
T‑cell response by itself. In fact, lack of further stimulatory 
signals sends the T‑cell into anergy. Signal two is a positive 
signal transmitted by B7 (CD80/86) binding to CD28 
balanced by a negative signal transmitted by B7 binding 
to cytotoxic T‑lymphocyte antigen‑4 (CTLA4).[3] Thus, 
CD28 and CTLA4 each interact with both B7‑1 and B7‑2. 
B7 is a type of peripheral membrane protein found on 
activated APCs that, when paired with either a CD28 or 
CD152  (CTLA4) surface protein on a T‑cell, can produce 
a costimulatory signal or a coinhibitory signal to enhance 
or decrease the activity of an MHC‑TCR signal between 
the APC and the T‑cell, respectively.[4] Blockade of CD28 
by B7 binding is effective in stopping T‑cell activation, 
but CTLA4 (CD152) has twenty times greater affinity than 
CD28 for B7 proteins. Besides being present on activated 
APCs, B7 is also found on T‑cells themselves.[5] Cytokines 
can also contribute to T‑cell activation, called “signal 3,” 
further research has revealed an array of positive and 
negative regulatory signals in addition to the basic one as 
described for T‑cell activation.

Other Pathways
Other most important pathway is the programmed cell 
death protein -1 (PD‑1) receptor mediated. It is also known 
as CD279 and is expressed on the surface of activated 
T‑cells whereas its ligands, PD ligand‑1  (PD‑L1)  (B7‑H1; 
CD274) and PD‑L2  (B7‑DC; CD273) are commonly 
expressed on the surface of DCs or macrophages. PD‑1 and 
PD‑L1/PD‑L2 belong to the family of immune checkpoint 
proteins that act as coinhibitory factors, which can halt or 
limit the development of the T‑cell response. PD‑1/PD‑L1 
interaction ensures that the immune system is activated 
only at the appropriate time to minimize the possibility of 
chronic autoimmune inflammation.

When PD‑L1 binds to PD‑1, an inhibitory signal is 
transmitted into the T‑cell, which reduces cytokine 
production and suppresses T‑cell proliferation. Tumor cells 
exploit this immune‑checkpoint pathway as a mechanism 
to evade detection and inhibit the immune response.

PD‑L1 is commonly overexpressed on tumor cells or on 
nontransformed cells in the TME  (Pardoll, 2012). PD‑L1 
expressed on the tumor cells binds to PD‑1 receptors on 
the activated T‑cells, which leads to the inhibition of the 
cytotoxic T‑cells. These deactivated T‑cells remain inhibited 
in the TME. The PD‑1/PD‑L1 pathway represents an 
adaptive immune resistance mechanism that is exerted by 
tumor cells in response to endogenous antitumor activity.

In regulation of T‑cells by immune checkpoint, the net 
signal shapes the strength and quality of the T‑cell response.

While both CTLA4 and PD‑1/PD‑L1 are coinhibitory 
pathways, there are a number of costimulatory pathways 
such as CD28 as well. Five of them are of tumor necrosis 
factors  (TNF) receptor superfamily such as CD27, CD40, 
OX40, glucocorticoid‑induced TNF receptor  (GITR), and 
CD137. Another two stimulatory checkpoint molecules belong 
to the B7‑CD28 superfamily  ‑  CD28 itself and inducible 
costimulator (ICOS). Still, another simulator CD122 is the 
interleukin (IL)‑2 receptor beta subunit. All of them promoted 
T‑cell proliferation. CD28 was the target of the TGN1412 
“superagonist” which caused severe inflammatory reactions 
in the first‑in‑man study in London in March 2006.[6]

All other costimulatory molecules including antagonists of 
their antibodies are subject of intense research effort by 
many pharmaceutical companies. Celldex Therapeutics is 
working on CDX‑1127, an agonistic anti‑CD27 monoclonal 
Ab  (mAb)[7] which in animal models has been shown to 
be effective in the context of TCR stimulation[8] CD40. 
This molecule found on a variety of immune system cells, 
including APCs has CD40L. The Swiss pharmaceutical 
company Roche acquired this project of anti‑CD40 agonist 
mAb when VLST was shut down in 2013.[9]

CD137, also called 4‑1BB, when bound by CD137 
ligand, the result is T‑cell proliferation. The German Figure 1: Immune checkpoints in T cell, dendritic cell and tumour cell
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biotech company Pieris Pharmaceuticals has developed 
an engineered lipocalin that is bispecific for CD137 and 
human epidermal growth factor receptor 2 HER2.[10]

Anti‑OX40 monoclonal antibodies have been shown to 
have clinical utility in advanced cancer.[11]

The pharma company AstraZeneca has three drugs in 
development targeting OX 40. TG Therapeutics is working 
on anti‑GITR antibodies which has shown to promote 
an anti‑tumor response through the loss of regulatory 
T‑cell (Treg) lineage stability.[12]

Nektar Therapeutics is working on NKTR‑214, a 
CD122‑based immune‑stimulatory cytokine to increase the 
proliferation of CD8+ effector T‑cells. Jounce Therapeutics 
is developing an ICOS agonist for its role in T‑cell effector 
function.

Among inhibitory checkpoint molecules, most important 
are CD152 or CTLA4 and PD‑1. Others are adenosine 
2A receptor, B7‑H3, B7‑H4, B‑  and T‑lymphocyte 
attenuator, indoleamine 2,3‑dioxygenase  (IDO), killer‑cell 
immunoglobulin‑like receptor  (KIR), lymphocyte 
activation gene‑3, T‑cell immunoglobulin  (Ig)‑  and 
mucin‑domain‑containing molecule‑3, and V‑domain 
Ig suppressor of T‑cell activation. While first two are 
described others, molecules are also used IDO is known to 
suppress T‑  and NK‑cells, generate and activate Tregs and 
myeloid‑derived suppressor cells  (MDSCs), and promote 
tumor angiogenesis. NewLink Genetics[13] and Incyte.[14]

Drugs or drug candidates that inhibit/block the inhibitory 
checkpoint molecules  (above) are confusingly sometimes 
known as immune checkpoint inhibitors.

Chemokines promote the trafficking of T‑cells to tumors, 
where selectins and leukocyte function‑associated antigen‑1 
or the vascular endothelial growth factor  (VEGF) and the 
endothelin B receptor can promote or deter T‑cell infiltration 
into the tumor.[15] Within the tumor, a variety of immune 
suppressive influences inhibits T‑cell activity. These include 
immune suppressive cells  (CD4+FOXp3+  Tregs and 
MDSCs), immune suppressive cytokines (transforming growth 
factor‑β  [TGF‑β] and IL‑10), metabolic enzymes (IDO and 
arginase), and immune checkpoints PD‑L1.[1,16] Tumor cells 
can co‑opt immune checkpoint pathways to evade the T‑cell 
response, expressing PD‑L1 on their surface as the result of 
constitutive oncogenic signaling,[17] epithelial to mesenchymal 
transition,[18] or adaptive resistance to immune attack.[19] 
Regardless of the mechanism, tumor cell surface PD‑L1 
expression provides a means of evading active immunity.[19,20] 
Developing strategies for abrogating these immune suppressive 
mechanisms to support CD8+ T‑cell activity at the tumor site 
is critical for the success of immunotherapy.

Ovarian Cancer Scenario
More than three decades back, T‑cell infiltration was 
noticed in ovarian cancers.[21] In 2003, Zhang et  al. 

appreciated their role in improved survival. They observed 
at least 60% benefit in 5  year‑survival in a cohort of 
74  patients who were treated well with a complete 
clinical response after debulking and platinum‑based 
therapy. CD3+  T‑cells within their tumor and monokines 
induced by interferon  (IFN)‑γ plus macrophage‑derived 
chemokines made the difference.[22] The reason of such 
heterogeniety is still unclear though subject has grown 
and gained much strength. While Treg subsets  (CD4+) 
has confusing immune suppressing role as Tregs improved 
survival is noticed in patients who had higher numbers of 
intraepithelial CD8+ T‑cells compared with patients without 
intraepithelial CD8+  T‑cells  (median survival 55  vs. 
26  months).[23,24] Strong positive correlation is observed 
between the levels of CD8+ T‑cells and granzyme B within 
tumors.[25] MHC‑related interferon regulatory factor‑1 and 
metastasis‑related chemokine receptor  (CXCR) 6 are the 
two genes differentially expressed in tumors with high 
versus low CD8+  T‑cell infiltration. Heterogeneity in the 
TME among patients with epithelial ovarian cancer (EOC), 
and various immune cell populations those have been 
associated positively or negatively with clinical prognosis, 
includes tumor‑infiltrating lymphocytes  (TILs),[22,23,26] 
MDSCs,[27] and tumor‑associated macrophages.[28] TILs 
express the negative regulatory immune receptor PD‑1,[29] 
which is upregulated on T‑cell activation and suppresses 
T‑effector functions, whereas several cellular populations, 
including cancer cells and tumor‑associated myeloid cells, 
express its ligand PD‑L1.[30‑33] Expression of PD‑L1 by 
tumors has been associated with decreased intraepithelial 
TILs and poor overall survival (OS) in EOC.[33]

In an immune‑competent murine model of EOC, PD‑1 and 
PD‑L1 blockade has led to eradication of tumors through 
the expected reprograming of the TME,[34] which suggests 
potential benefit from PD‑1/PD‑L1 inhibition for patients 
with EOC. The attenuation of T‑cell function by CTLA4 
was also noticed in EOC.[35] Although the binding of B7‑1 
or B7‑2 to CD28 provides an important costimulatory 
signal, the engagement of CTLA4 by these ligands induces 
cell cycle arrest and diminished cytokine production.[36‑38]

Documented effort to test ovarian cancer started with Hodi 
et  al.,[39] who gave two patients a single infusion and then 
nine cases[40] up to 11 infusion of 3  mg/kg ipilimumab 
after an autologous ovarian tumor cell vaccine transduced 
with granulocyte‑macrophage colony‑stimulating factor 
(GM‑CSF) (GVAX). Only three patients had stable 
disease (SD) of  >2  months. A  phase II clinical trial 
of ipilimumab in relapsed platinum‑sensitive ovarian 
cancer with measurable disease is ongoing though not 
recruiting any more  (NCT01611558). Some trials either 
in posttransplantation or along with other checkpoint 
molecules such as nivolumab and pembrolizumab are 
recruiting. There are other two trials which are either 
suspended or terminated. The PD‑1 antagonist nivolumab 
is tested at 1 or 3 mg/kg every 2 weeks in 18 patients with 
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relapsed platinum‑resistant disease regardless of PD‑L1 
expression; there was a 17% overall response rate  (ORR) 
and a 44% disease control rate  (DCR  =  complete 
response  [CR] + partial response  [PR] + SD), with 2 CR, 
1 PR, and 5  patients with SD.[41] A phase Ib study tested 
the PD‑1 antagonist pembrolizumab at 10  mg/kg every 
2 weeks in 26 patients with heavily treated PD‑L1+ ovarian 
cancer chemotherapy.[42] There was a durable ORR of 
11.5%, and a DCR of 34.6%, with 1 CR, 2 PR, and 
6  patients with SD. Now, pembrolizumab has highest 
number of clinical trials in ovarian cancer. The PD‑L1 
antagonist avelumab was given at 10 mg/kg every 2 weeks 
in a phase Ib study of 75  patients with platinum‑resistant 
or chemotherapy‑refractory ovarian cancer regardless of 
PD‑L1 expression[43] with an ORR of 10.7% and a DCR 
of 54.7%. A  phase I study of another PD‑L1 antagonist, 
BMS‑936559, revealed one objective response in 17 ovarian 
cancer patients.[44] It is evident from discussion that much 
obstacles are remaining in establishing immunotherapy 
in ovarian cancer as response rate is low, and no FDA 
approval is in the offing. Expectedly, Professor Maurie 
Markman has commented at the 33rd Annual Chemotherapy 
Foundation Symposium “The checkpoint inhibitors are not 
ready for prime time yet in ovarian cancer. It’s not because 
there’s evidence that they don’t work – it’s just that there’s 
no evidence at all.”

New Drugs of Immunotherapy
Ipilimumab

Brunet et  al.,[45] of  Institut national de la santé et de 
la recherche médicale, France  (Inserm) came across 
complementary DNA  (cDNA) clones defining a sequence, 
CTLA4, which could encode a 223‑amino‑acid protein 
while screening mouse cytolytic‑T‑cell‑derived cDNA 
libraries. Jim Allison of Berkley with graduate student Max 
Krummel and postdoctoral fellow Cynthia Chamber were 
able to provide evidence that CTLA4 actually served to 
inhibit the activity of T‑cells. That was beginning. They 
showed in 6‑week‑old golden Syrian hamsters who received 
five footpad injections of heat‑killed Staphylococcus A 
bacteria coated with CTLA4 Ig and suspended in 0.2  ml 
phosphate‑buffered saline. Three days after the final 
injection, draining lymph nodes were removed, and 
lymphocytes were isolated and fused with the P3  ×  3.
Ag8.653 myeloma line using a standard polyethylene 
glycol fusion technique. Hybridoma supernatants were 
tested for reactivity to CTLA4 Ig and for lack of reactivity 
to CD4 Ig by ELISA thus developing first anti‑CTLA4 
Ab.[46] Medarex  (former NASDAQ symbol: MEDX) an 
American biopharmaceutical company based in Princeton, 
New Jersey, developed anti‑CTLA4 mAb, MDX‑010. In 
2009, Medarex was purchased by Bristol‑Myers Squibb.

The anti‑CTLA4 Ab  (MDX‑010; provided by Medarex) 
is a fully human IgG1κ Ab derived from transgenic mice 
having human genes encoding heavy and light chains 

to generate a functional human repertoire. This Ab has 
been shown to bind to CTLA4 expressed on the surface 
of human T‑cells and inhibit binding of CTLA4 to B7 
molecules.[47] It is the first anti‑CTLA4 agent in clinical 
development. It was approved by the US FDA in 2011 
and the European Medicines Agency for the treatment of 
metastatic melanoma following research showing improved 
survival.[48] Ipilimumab antagonizes CTLA4 and prevents 
ligand binding.[49] It is undergoing clinical trials for the 
treatment of non‑SCLC  (NSCLC), SCLC,[50] bladder 
cancer,[51] and metastatic hormone‑refractory prostate 
cancer.[52]

Tremelimumab

Tremelimumab  (formerly CP‑675,206) is a human IgG2 
mAb specific for CTLA4. In the phase III trial in advanced 
melanoma, 655  patients were enrolled and randomly 
assigned to treatment with tremelimumab or chemotherapy. 
Previously, in the development by Pfizer,[53] it is now in 
investigation by MedImmune, a wholly owned subsidiary 
of AstraZeneca.[54] Unlike ipilimumab which is an IgG1 
isotype, tremelimumab is an IgG2 isotype[55] and has not 
attained approval for any.

Programed cell death 1‑targeting agents

Nivolumab  (ONO‑4538, BMS‑936558, or MDX1106), 
marketed as OPDIVO, is a human IgG4 anti‑PD‑1 
mAb developed by Ono Pharmaceutical and Medarex 
(later acquired by Bristol‑Myers Squibb) for the treatment 
of cancer. It is a fully human IgG4 mAb targeting PD‑1. 
It is approved by the FDA for the treatment of patients 
with unresectable or metastatic melanoma who no longer 
respond to other drugs  (December 2014). In addition, it is 
approved for the treatment of squamous NSCLC  (March 
2015). Patients on the trial had advanced melanoma, 
NSCLC, castration‑resistant prostate cancer, renal cell 
cancer (RCC), or colorectal cancer. Patients received 
nivolumab at doses of 0.1–10.0  mg/kg of body weight 
every 2 weeks for up to 12 cycles until disease progression 
or a CR occurred.

Pembrolizumab

On September 4, 2014, the US FDA approved pembrolizumab 
under the FDA Fast Track Development Program.[56] It is 
approved for use following treatment with ipilimumab or 
after treatment with ipilimumab and a BRAF  inhibitor in 
advanced melanoma patients who carry a BRAF mutation.[57] 
It is marketed by Merck. Pembrolizumab (MK‑3475, formerly 
lambrolizumab) is a pembrolizumab has been very successful 
in treating melanoma and NSCLC, similar to nivolumab. 
Significant differences cannot be assessed in the absence 
of a randomized trial comparing the two agents. However, 
binding affinities of the agents are different. In phase I trials, 
neither agent has been found to have a maximally tolerated 
dose. That said, more time and energy have been spent 
on searching for an appropriate dose for pembrolizumab. 
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Pembrolizumab was invented by Gregory Carven, Hans 
van Eenennaam, and John Dulos at Organon BioSciences 
which later became Schering‑Plough Research Institute and 
then Merck and Co.[58] MRC Technology humanized the Ab 
pembrolizumab for Organon in 2016. On October 2, 2015, 
the US FDA approved pembrolizumab for the treatment of 
metastatic NSCLC in patients whose tumors express PD‑L1 
and who have failed treatment with other chemotherapeutic 
agents.

Pidilizumab

Pidilizumab is a humanized IgG1 Ab targeting PD‑1. The 
agent was initially evaluated in a phase I trial targeting 
hematologic malignancies. At present, there are a number 
of clinical trials underway in both hematologic and solid 
tumors.[59]

The results of two pidilizumab clinical trials were recently 
published in peer‑reviewed journals. In a single‑center, 
single‑arm, phase II trial, 32  patients with relapsed 
follicular lymphoma received pidilizumab at a dose 
of 3  mg/kg every 4  weeks for four infusions with up 
to eight additional infusions administered. In addition, 
rituximab was given at a dose of 375  mg/m2 of body 
surface area every week for 4 weeks. Investigators reported 
that 19 of 29 evaluable patients achieved an objective 
response, with CRs in 15 patients (51.7%).[60] An additional 
phase II trial involved patients with diffuse large B‑cell 
lymphoma following autologous hematologic stem cell 
transplantation  (AHSCT). Sixty‑six patients were treated 
with three doses of pidilizumab in the first 1–3  months 
after AHSCT. The PFS rate was 72% at 6  months after 
AHSCT  (90% confidence interval, 60%–82%), meeting 
the primary end‑point. Thirty‑five patients had measurable 
disease following AHSCT, and the response rate in those 
patients was 51%.[61]

Programed cell death ligand 1‑targeting agents

PD‑L1 inhibitors are currently undergoing clinical trials 
for the treatment of various types of cancer; however, no 
PD‑L1 inhibitors have since been approved by the FDA.

Atezolizumab (MPDL3280A)

MPDL3280A is an engineered human IgG1 mAb that 
targets PD‑L1. Combining unique property to eliminate 
Ab‑dependent cell‑mediated cytotoxicity  (ADCC) effector 
function, MPDL3280A, unlike some other anti‑PD‑L1 
antibodies, does not deplete cells expressing PD‑L1. It 
appears to have significant activity in a subset of patients 
with NSCLC. This was demonstrated in phase I trial of 
atezolizumab, in which 53  patients with NSCLC had a 
23% response rate where PD‑L1 expression is shown; 
thus PD‑L1 might even be a immunohistochemical 
biomarker with some degree of predictive capability. The 
POPLAR trial compared atezolizumab with docetaxel in 
the second‑  or third‑line setting in patients with NSCLC, 

regardless of histology where OS benefit with atezolizumab 
compared with docetaxel in patients with a high level of 
PD‑L1 expression.

Durvalumab (MEDI4736)

MEDI4736 is a human IgG1 mAb recognizing human 
PD‑L1. It is similar to MPDL3280A in eliminating 
complement‑mediated cytotoxicity and ADCC due 
to mutations in the Fc receptor. A  phase I dose of 
10  mg/kg every 2  weeks is currently being evaluated in 
several histologies in an expansion phase.[62] Brahmer et al. 
treated 13 NSCLC patients with MEDI4736, with three 
PRs[63] as presented in 2014 American Society of Clinical 
Oncology Annual Meeting. Several large combination trials 
in lung cancers are ongoing. At present, five trials are 
aimed at ovarian cancer.

Avelumab

Avelumab  (MSB0010718C) is a fully human monoclonal 
PD‑L1 Ab of isotype  IgG1, currently in development 
by Merck KGaA, Darmstadt, Germany, and Pfizer for 
NSCLC.[64] MSB0010718C is IgG1 targeting PD‑L1. It is a 
native Fc receptor allowing for ADCC.

Avelumab binds to the PD‑L1 and inhibits binding (PD‑1). 
Formation of a PD‑1/PD‑L1 receptor/ligand complex is 
prevented leading to increased CD8+  T‑cell‑mediated 
immune response.[65]

BMS‑936559

BMS‑936559 or MDX‑1105 is a high‑affinity, fully human 
IgG4 mAb that binds PD‑L1, and that blocks PD‑L1 from 
binding its two known receptors PD‑1 and CD8.[44,66] It 
was safe in a phase I trial that included 17 ovarian cancer 
patients in escalating doses of 0.3–10  mg/kg intravenous 
every 14  days in 6‑week cycles for up to 16  cycles and 
achieved objective responses: 1  (6%) with a PR and 
3  (18%) with SD lasting more than 24  weeks. Common 
side effects included fatigue, infusion reactions, diarrhea, 
arthralgia, pruritus, rash, nausea, and headache.

Enoblituzumab

Enoblituzumab is a mAb designed for the treatment 
of cancer. Formerly known as MGA271, the drug is a 
humanized IgG1κ mAb recognizing human B7‑H3.

Varlilumab

Varlilumab is fully human monoclonal agonist anti‑CD27 
mAb that has been shown to activate human T‑cells in the 
context of TCR stimulation. Potent antitumor responses, 
it may be particularly effective in combination with other 
immunotherapies. In addition to the immune enhancing 
properties of varlilumab, the mAb may also provide direct 
therapeutic effects against tumors with CD27 expression. 
Human B‑  and T‑cell lymphomas often express CD27 at 
high levels, and varlilumab has shown potent antitumor 
activity against these types of tumors in preclinical 
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models. Therefore, in patients with lymphomas/leukemia 
that express CD27, varlilumab may function through 
two‑independent mechanisms.

Lirilumab

Lirilumab (INN) is a human mAb designed to binds to KIR 
2DL1/2L3.[67] This drug was developed by Innate Pharma 
and is licensed to Bristol‑Myers Squibb.

Epacadostat

Epacadostat is an orally available hydroxyamidine. It inhibits 
IDO an enzyme responsible for the oxidation of tryptophan 
into kynurenine with potential immunomodulating and 
antineoplastic activities. Epacadostat targets and binds to 
IDO. Thus, it increases and restores the proliferation and 
activation of various immune cells, including DCs, NK 
cells, and T‑lymphocytes, as well as IFN production, and a 
reduction in tumor‑associated Tregs.

Combinations of Immunotherapeutic Agents
Combinations can be of three types where either  (a) two 
even three immune checkpoint inhibitors are used, (b) other 
targeted therapy is used, or  (c) chemotherapy and other 
standard treatments are used. Other than the promising 
single‑agent indications mentioned above, immune 
checkpoint inhibition is not effective in a majority of 
patients. Newer combination strategies are planned and 
executed. In one such trial, tremelimumab and interferon 
were administered concurrently in standard doses, followed 
by maintenance interferon. Of the 33 evaluable patients, 
there were three CRs and seven PRs. The median OS was 
15.9  months.[68] One area of remarkable success involved 
the use of nivolumab and ipilimumab in patients with 
metastatic melanoma. A  randomized phase II trial of 
ipilumumab investigated the potential synergy of adding 
GM‑CSF  (or sargramostim) with ipilumumab.[69] The 
response rate was 53%. The combination of ipilimumab and 
nivolumab has subsequently been evaluated in a variety of 
malignancies. In RCC, two variations of the combination 
were tested. The same regimen was evaluated in NSCLC, 
with disappointing results. Carefully tailor regimens to 
specific patient populations and lower doses is planned 
now (1 mg/kg of ipilimumab and 1 mg/kg of nivolumab.[70]

Among recent combinations used in advanced and refractory 
ovarian cancer, safety study has started for iIpilimumab 
in combination with MGA271  (enoblituzumab). 
A phase I/II, open‑label study is recruiting where nivolumab 
monotherapy or nivolumab combined with Ipilimumab 
are used in subjects with advanced or metastatic solid 
tumors. Tremelimumab is combined with PARP‑inhibitor 
in BRCA‑deficient ovarian cancer and also with either 
durvalumab or durvalumab plus first‑line chemotherapy in 
advanced solid tumors, including ovarian cancer.

A study of the safety, tolerability, and efficacy of 
epacadostat administered in combination with nivolumab 

and a dose escalation and cohort expansion study of 
anti‑CD27 (varlilumab) and anti‑PD‑1  (nivolumab) in 
select advanced cancers includes ovarian cancer patients. 
Pembrolizumab is becoming very popular as at least 
seventeen trial are planned or recruiting in combination with 
MGA271, epacadostat, niraparib, acalabrutinib  (ACP‑196), 
CSF‑1 receptor inhibitor PLX3397  (pexidartinib), VEGF 
inhibitor Ziv‑aflibercept, pegylated recombinant human 
IL‑10  (AM0010), and standard chemotherapy in ovarian 
cancer.

Avelumab in combination with pegylated liposomal 
doxorubicin is starting. Durvalumab and pembrolizumab 
with tremelumumab or VTX‑2337  (a novel Toll‑like 
receptor 8 agonist), with olaparib or cediranib is being 
tried. Recently, atezolizumab plus bevacizumab with 
or without acetylsalicylic acid are tried in a recurrent 
platinum‑resistant ovarian cancer trial.

Conclusions
Handling immunological therapy has never been very 
smooth. The glaring mechanism of action and efficacy 
was a breakthrough of the year in 2013 which was true at 
least for melanoma.[71] The subject being very interesting 
work hard is needed to find out what more is needed to 
get even better clinical effect. However, before that, 
translational scientists and clinical investigators should 
address efficiently a variety of important clinical and 
scientific questions regarding tumor microenvironment and 
interactions of tumor biology with human immunology. As 
combinations are already been tried and had shown hope 
experience and experimentation with these drug may bring 
out a bigger breakthrough if not a medical breakthrough of 
the century.
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