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Abstract
Purpose of Review The purpose of this review is to update readers on recent advancements in the use of immune checkpoint
inhibitors for the treatment of ovarian, uterine, and cervical cancers.
Recent Findings Immunotherapy has emerged as a novel therapeutic paradigm in the treatment of gynecologic malignancies.
Currently, immune checkpoint inhibitors are approved for use across five solid malignancies, with recent approval of
pembrolizumab in patients with MMR-deficient, recurrent, solid tumors in a disease site agnostic fashion. Phase 3 clinical trials
are being conducted in the gynecologic cancer arena to determine if checkpoint inhibition will improve oncologic outcomes.
Positive signals have been identified in ovarian cancer cohorts, both as single agents and in combination with other agents. It is
anticipated that immunotherapy will be effective in MMR-deficient endometrial cancers, and trials are in development to explore
these agents in the front line. Furthermore, the HPV-driven biology of cervical cancer suggests that immune checkpoint inhibition
may lead to clinical benefit.
Summary Immune checkpoint inhibitors represent a dynamic and exciting opportunity for patients with limited therapeutic
options. We eagerly await the results of ongoing phase 3 clinical trials that will inform practice patterns. In addition, emphasizing
translational end-points informing patient selection and response is critical.
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Introduction

OnMay 23, 2017, in a landmark decision, the U. S. Food and
Drug Administration (FDA) granted accelerated approval for
pembrolizumab use in microsatellite instability-high (MSI-
high) or mismatch repair (MMR)-deficient recurrent cancers.
This represented the first disease site agnostic drug approval
that was a biomarker dependent in solid tumors. It is antici-
pated that this paradigm shift in cancer treatment will continue
to catalyze the investigation of novel therapeutics across dis-
ease sites that are based on molecular markers.

Given the limited oncologic gains to date with traditional
cytotoxic chemotherapy, numerous clinical trials in the gyne-
cologic cancer arena are testing targeted biologic agents alone

and in combination with cytotoxic drugs. Blocking or
disrupting tumor angiogenesis, enhancing the anti-tumor im-
mune response, inhibiting proliferative pathways, and modu-
lating DNA repair activity to cause synthetic lethality repre-
sent a handful of the targets that are currently being explored.

Pembrolizumab, a humanized monoclonal antibody to the
PD-1 receptor, belongs to a class of relatively new cancer
therapies termed immune checkpoint inhibitors, which func-
tion by increasing the body’s immune response against cancer
cells. This is accomplished by “inhibiting the inhibitors” that
work to suppress the immune response to foreign cancer-
related neoantigens. Checkpoint inhibitors, as a class, exert
their immune-related effects through regulation of the T cell
response. Activated Tcells express receptors that receive stim-
ulatory and inhibitory signals and respond to the sum of these
signals. PD-1 and CTLA-4 ligands favor T cell inactivation
when they bind to their respective receptors. Blockade of this
signaling pathway results in T cell stimulation, as demonstrat-
ed by anti-PD-1 blocking monoclonal antibodies.

Using in vitro model systems, robust T cell responses to
tumor antigens are easily elicited. However, in previous trials
examining traditional cytotoxic therapy across solid
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malignancies, translational investigation failed to identify a
robust immune-mediated response. Through a significant
amount of both basic science and translational research, it
became evident that tumors acquired a resistance to immune
destruction. Investigations into the mechanisms of immune
evasion revealed complex signaling mechanisms involving,
amongst others, the cytotoxic T-lymphocyte-associated pro-
tein 4 (CTLA-4), programmed cell death protein 1 (PD-1),
and its ligand PD-L1 that work to inhibit T cell activation.
Programmed cell death protein ligand 1 (PD-L1) is expressed
on numerous carcinomas including the lung, ovary, colon,
bladder, breast, and cervix. Thus, tumors may exploit this
pathway of immune modulation to escape destruction by the
immune system facilitating continued proliferation and metas-
tases [1, 2].

In addition to the PD-1/PD-L1 pathway, immune response
attenuation involves alternate inhibitory molecules, including
CTLA-4. For activation, T cells require costimulatory signals
in addition to antigen. Cluster of differentiation 28 (also
known as CD28) is a receptor on T cells that binds to the B7
ligand to provide this stimulatory signal. CTLA-4 binds B7
with higher affinity than CD28, but results in T cell inhibition,
suspending T cell proliferation and reducing pro-
inflammatory cytokine secretion. Expression of CTLA-4 has
been shown to inhibit T cell proliferation in vitro, while block-
ade enhances T cell proliferation [3].

Ovarian Cancer

In 2017, there will be an estimated 22,440 new cases of ovar-
ian cancer in the USA, with approximately 14,080 deaths. The
5-year survival rate of ovarian cancer has increased only mod-
estly from 36% in 1975–1977 to 46% in 2005–2011 [4].
These limited survival gains are attributed to advanced stage
at the time of diagnosis due to lack of an effective screening
algorithm as well as the development of chemotherapy resis-
tant clones. Following front-line combinatorial platinum-
based chemotherapy, the durable response rate to additional
lines of treatment in patients with recurrent ovarian cancer
remains below 30% [5]. Given this unmet clinical need, in-
vestigators have turned their attention to novel approaches,
including immunotherapies, examining checkpoint inhibitors
as single agents or in multi-agent regimens.

Host immunogenicity against tumor cells is not a novel
concept, as observations made as early as the nineteenth cen-
tury noted tumor regression in the setting of infection.
Attempts at “immunotherapy” using vaccination techniques
of tumor extracts and various toxins were unsuccessful and
were thus eventually overshadowed by other more effective
therapeutic modalities [6]. Contemporary research revisiting
immunotherapy has identified encouraging results in various
cancer types, including ovarian cancer.

In 1991, Ma et al. first reported a survival benefit with
the presence of tumor-infiltrating lymphocytes (TILs) in
patients with advanced stage ovarian cancer. These TILs
are detected in the tumor and tumor stroma and recognize
tumor cells as immunogenic/foreign resulting in an
immune-mediated response [7•, 8]. Zhang et al. noted a
38% five-year survival in 102 patients whose primary
tumors contained T cells, compared to only 4.5% five-
year survival in 72 patients whose tumors did not have
T cells in their tumor islets, indicating an oncologic ad-
vantage conferred by the host immune response [9]. Most
recently, a meta-analysis of 21 eligible studies supported
the prognostic value of the presence of TILs in patients
with advanced stage ovarian cancer [8].

Currently, there are multiple clinical trials that are active or
in development examining various immune checkpoint inhib-
itors in combination with chemotherapy, with other biologic
agents, epigenetic modulators, or with vaccines. These agents
are being investigated in parallel in the front-line setting (both
adjuvant and neoadjuvant approaches), in the recurrent plati-
num sensitive settings as well as in patients with platinum-
resistant or platinum refractory disease (Table 1).

In the primary setting, the majority of patients with ovarian
cancer undergo cytoreductive surgery (CRS) followed by six
cycles of adjuvant chemotherapy with the cytotoxic agents
carboplatin and paclitaxel. Underlying the high response rate
of up to 80% to front-line therapy is the almost equally high
recurrence rate and the eventual development of platinum re-
sistance. Identifying a successful first-line regimen that effec-
tively delays or prevents recurrence would significantly im-
pact patient outcomes and represent an oncologic milestone in
the treatment of advanced stage ovarian cancer.

The use of cytotoxic chemotherapy in combination with
checkpoint inhibition in the front-line setting may promote im-
munogenic cell death and activation of the immune response to
residual viable tumor cells, enhancing the anti-tumor activity of
checkpoint inhibitors. Multiple reports have demonstrated in-
creased serum inflammatory cytokines, pro-inflammatory
changes in tumor microenvironment, and induction of tumor-
specific immune responses after exposure to chemotherapy
[10]. Following exposure to cytotoxic chemotherapy, it is hy-
pothesized that checkpoint inhibitors may play a role in revers-
ing the subsequent immune tolerance observed in the tumor
microenvironments. JAVELINOVARIAN 100, an active phase
III clinical trial, is looking to examine the utility of avelumab, a
human monoclonal antibody to the PD-L1 receptor, in combi-
nation with chemotherapy in patients with advanced stage ovar-
ian, fallopian tube, or primary peritoneal cancer. The trial is
designed to test the combination regimen followed by placebo,
in addition to a maintenance approach (NCT02580058). The
increased antigenicity of the tumor cells after exposure to che-
motherapy along with stimulation of the immune response is
hypothesized to translate into improved survival outcomes.
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Table 1 Studies exploring immune checkpoint inhibition in ovarian cancer

Disease site Trial design Population Mechanism Aims Clinical trial #

Ovary Phase 2, single arm
Carboplatin IV, paclitaxel 80 mg/m2 IV, and

pembrolizumab 200 mg IV every 21 days for
6 cycles,

then pembrolizumab 200 mg IVevery 21 days for
12 months

Stage III/IV
suboptimally
cytoreduced

EOC, PP, FT

Anti-PD-1 PFS
NC-
T02766582

Ovary Phase 1/2 dose escalation and cohort expansion
Phase 1: varlilumab dosing will be dependent on the

cohort assigned in combination with 3 mg/kg
nivolumab every 2 weeks.

Phase 2: varlilumab 3 mg/kg every 2 weeks or 3 mg/kg
every 12 weeks, or 0.3 mg/kg every 4 weeks, in
combination with nivolumab 240 mg every 2 weeks

Advanced
refractory solid
tumors

Anti-CD27
Anti-PD-1

Primary:
Phase 1:
AEs
DLTs
Phase 2:
ORR

NC-
T02335918

Ovary Phase 2, single arm
Gemcitabine 750 mg/m2 IV every 3 weeks × 6 cycles

day 1 and day 8
Cisplatin 30 mg/m2 IVevery 3 weeks × 6 cycles day 1

and day 8
Pembrolizumab 200 mg IVevery 3 weeks starting with

cycle 3 day 1

Recurrent,
platinum--
resistant

EOC, PP, FT

Anti-PD-1 Primary:
ORR
Secondary:
PFS
time to progression
DOR
OS

NC-
T02608684

Ovary Phase 2, 5-arm, placebo-controlled
Arm 1: bevacizumab monotherapy
Arm 2: atezolizumab + placebo
Arm 3: atezolizumab + acetylsalicylic acid
Arm 4: atezolizumab + bevacizumab + placebo
Arm 5: atezolizumab + bevacizumab + acetylsalicyclic

acid

Recurrent,
platinum--
resistant

EOC, PP, FT

Anti-PD-L1 PFS
NC-
T02659384

Ovary anti-PD-1 antibody 1–3 mg/kg IV every 3 weeks
+
decitabine 10 mg/d IVon days 1–5 every 3 weeks

Recurrent,
refractory

EOC, PP, FT

Anti-PD-1
Hypomethylating
agent

anti-metabolite

Primary:
Treatment-related

adverse events
Secondary:
ORR
PFS
OS

NCT02961101

Ovary Phase 1/2a dose escalation and cohort expansion
PLX3397 200 mg
+
pembrolizumab 200 mg IV

Refractory or
recurrent

EOC

Anti-CSF1-R
Anti-PD-1

Primary:
safety
Secondary:
ORR

NC-
T02452424

Ovary Phase 2, single arm, neoadjuvant
3–4 cycles carboplatin AUC 5 or 6 + paclitaxel

175 mg/m2 IV + pembrolizumab 200 mg IV every
3 weeks

→ cytoreductive surgery ]→
3–4 additional cycles (adjuvant may include dose-dense

paclitaxel) every 3 weeks

Advanced
EOC, PP, FT

Anti-PD-1 ORR
NC-
T02834975

Ovary Phase 1b/1/2
pembrolizumab IV every 3 weeks
+
carboplatin IV every 3 weeks

Recurrent,
platinum--
resistant

EOC, PP, FT

Anti-PD-1 Primary:
PFS
Secondary:
AEs
Best overall

response
PD-L1

expression/-
response

OS
ORR

NC-
T03029598

Ovary Phase 1b/2 randomized, placebo-controlled
Arm 1: Etinostat PO day 1 and day 8 (at maximum

tolerated dose) + avelumab IV day 1 every 14 days
Arm 2: Avelumab IV day 1 + placebo day 1 and day 8

every 14 days

Recurrent or
refractory

EOC, PP, FT

HDAC inhibitor
Histone
deacetylase
inhibitor

Anti-PD-L1

Primary:
Safety
Secondary:
PFS

NC-
T02915523

Ovary Phase 2 Advanced Anti-PD-1 Safety
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Traditionally, the use of neoadjuvant chemotherapy
(NACT) in patients with ovarian cancer was reserved for pa-
tients with unresectable disease or those who were deemed
unfit to undergo primary cytoreduction. However, following
the publication of the Vergote and CHORUS studies, which
concluded the non-inferiority of NACT to primary debulking
[11], there has been a gradual increase in the utilization of
NACT in the USA. Data from the National Cancer Data
Base that captures 70% of newly diagnosed malignancies in
the USA revealed a significant increase in the frequency of
NACT for advanced stage ovarian cancer (IIIC-IV) from 2004
to 2013, increasing from 8.6 to 22.6% (p < 0.001) [12].

In the context above, new clinical trials are specifically
examining the efficacy of checkpoint inhibition in the

neoadjuvant setting. Pembrolizumab, in combination with
carboplatin and paclitaxel, is being assessed in a single-arm
phase II study (NCT02834975). The ability to conduct these
“window of opportunity trials” provides the additive benefit of
tissue samples before and after exposure to immune check-
point inhibitors. This study design may help identify bio-
markers predictive of response or resistance in future trials
and may inform novel approaches.

Additionally, in some cases, surgical resection may leave
patients with residual disease implants > 1 cm in size,
portending a poor prognosis. The role of immune checkpoint
inhibitors in the suboptimally cytoreduced ovarian cancer
population is being examined. In a single-arm, phase II non-
randomized clinical trial, patients with measurable disease

Table 1 (continued)

Disease site Trial design Population Mechanism Aims Clinical trial #

Dose escalation:
Pembrolizumab 200 mg IV day 1 every 3 weeks
+
DPX-Survivac 0.25 mL SQ day 1, with boost at

6 weeks of 0.25 to 0.5 mL
+
cyclophosphamide 50 mg PO twice daily 7 days on,

7 days off

EOC, PP, FT Survivin vaccine Tolerability
Efficacy NC-

T03029403

Ovary
(Keynot-
e-162)

Phase 1/2
Phase 1: dose escalation:
Niraparib up to 300 mg/day PO on days 1–21
+
pembrolizumab 200 mg IVevery 21 days
Phase 2: niraparib (recommended phase 2 dose) with

pembrolizumab 200 mg IV every 21 days

Recurrent EOC,
PP, FT

PARP inhibitor
Anti-PD-1

Safety
Efficacy NC-

T02657889

Ovary
(INSPIRE)

Phase 2
Pembrolizumab 200 mg IV every 3 weeks

EOC Anti PD-1 Changes in
genomic and
immune
biomarkers

NC-
T02644369

Ovary
(ACTIVATE

Trial)

Phase 1b
Cohort 1: cyclophosphamide 60 mg/kg IV per day for

2 days
Cohort 2: cyclophosphamide 30 mg/kg IV per day for

2 days
Pembrolizumab
Cohort 1 and 2: 200 mg every 3 weeks
TILs:
Cohort 1 and 2: 1 × 1010–1.6 × 1011 cells
Interleukin 2 (IL-2):
Cohort 1 and 2 125,000 IU/kg SC daily

Metastatic
ovarian

Lymphodepleting
chemotherapy

Anti PD-1
Adoptive cell
therapy

Primary:
AEs
Secondary:
ORR
PFS
OS
Safety profile

NC-
T03158935

Not yet open

Ovary
(NRG

sponsored)

Phase 2
Arm 1: Induction: Nivolumab IVevery 2 weeks,

repeating every 4 weeks for 2 cycles
Maintenance: nivolumab IVevery 2 weeks, repeating

every 4 weeks for up to 21 cycles
Arm 2:
Induction: nivolumab IV and ipilimumab IV, every

3 weeks for 4 cycles
Maintenance: nivolumab IVevery 2 weeks, repeating

every 4 weeks for up to 21 cycles

Recurrent
EOC, PP, FT

Anti-PD-1
Anti-CTLA-4

Primary:
ORR
Secondary:
OS
PFS

NC-
T02498600

EOC epithelial ovarian, PP primary peritoneal, FT fallopian tube cancer, PFS progression-free survival,ORR objective response rate,DLT dose-limiting
toxicity, DOR duration of response, OS overall survival, TILs tumor-infiltrating lymphocytes
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after maximal effort cytoreductive surgery will be treated with
pembrolizumab, carboplatin, and, weekly, paclitaxel, follow-
ed by 12 months of pembrolizumab maintenance
(NCT02766582). The primary end-point for this study will
be progression-free survival (PFS).

In an effort to expand the therapeutic role of checkpoint
inhibition, novel combinations are being examined in patients
with solid tumors, including metastatic, recurrent ovarian can-
cer. In one such study, pembrolizumab is being combinedwith
pexidartinib (PLX3397), an inhibitor of colony stimulating
factor 1 (anti-CSF1). The biologic rational of this approach
rests on the proposed mechanism of action of pexidartinib.
The presence of tumor-associated macrophages (TAMs) is
associated with tumor growth and chemotherapy resistance.
In addition, the presence of myeloid-derived suppressor cells
(MDSCs) inhibits anti-tumor immunity and is hypothesized to
lead to anti-PD-1 resistance. The use of pexidartinib is antic-
ipated to antagonize these immune-inhibitory signals via
CSF1 signaling. Pexidartinib previously received FDA break-
through designation in October 2015 for the treatment of
unresectable tenosynovial giant cell tumors, based on a small
phase I study showing an impressive 52.2% ORR (95% CI
32–73%) in patients without alternate therapeutic options
[13]. The confirmatory phase III clinical trial, ENLIVEN, is
currently open to enrollment (NCT02371369).

Given the established importance of immunogenicity and
neoantigens in cancer immunotherapy, investigators are
looking to enhance responses using vaccine administration,
prior to treatment with immune modulators. One such study
combines the DPX-Survivac vaccine, metronomic low-dose
cyclophosphamide, and pembrolizumab. This novel vaccine
targets survivin, a promising tumor-associated antigen (TAA).
In prior phase I/Ib studies, the vaccine was highly immuno-
genic when combinedwith cyclophosphamide in patients with
ovarian cancer, inducing the stimulation of a survivin-specific
cytotoxic T cell immune responses. This phase 2 clinical trial
is expected to enroll 42 subjects, with the primary objective
being ORR. The same agent is also being studied in combi-
nation with an investigational oral indoleamine 2,3-
dioxygenase 1 (IDO1) inhibitor, epacadostat, and cyclophos-
phamide in patients with recurrent platinum-sensitive or
platinum-resistant ovarian cancer. IDO1 inhibitors have
emerged as exciting novel agents when administered in com-
bination with checkpoint inhibitors. Indoleamine 2,3-
dioxygenase 1 is an intracellular enzyme that catabolizes tryp-
tophan resulting in an immunosuppressive microenvironment
and tolerance. Essentially, tryptophan degradation and deple-
tion result in amino acid starvation of T cells, inhibition of T
cell proliferation, and differentiation of naïve CD4+ T cells
into Tregs [14]. At the 2017 ASCO annual meeting, the com-
bination of pembrolizumab and epacadostat in patients with
NSCLC, bladder cancer, head and neck cancer, and renal cell
carcinoma resulted in a significant improvement in ORR

when compared to single agent checkpoint inhibition in his-
torical controls.

In an alternate attempt to increase tumor immunity, poly
(ADP-ribose) polymerase (PARP) inhibitors are being studied
in combination with checkpoint inhibitors. The Keynote-162
study of niraparib, a poly (ADP-ribose) polymerase (PARP)
inhibitor, with pembrolizumab, is investigating the safety and
efficacy of using an inhibitor of high fidelity DNA repair, with
an immune-modulating agent. PARP enzymes normally re-
spond to DNA damage by recognizing single-strand breaks
and effecting DNA base excisional repair. Inhibiting PARP
can induce “synthetic lethality” in BRCA-deficient tumor
cells, which can no longer correct DNA damage without ac-
cumulating lethal mutations. This impaired DNA repair ma-
chinery likely results in more antigenic epitopes for immune
recognition of tumor. The safety and feasibility of combining
checkpoint inhibition with PARP inhibition was recently de-
scribed by Lee et al., in a phase 1 study testing durvalumab
and olaparib in patients with gynecologic cancer. Between
June 2015 and May 2016, 19 patients with heavily pretreated
recurrent ovarian cancer were enrolled. No dose limiting tox-
icities were reported on the durvalumab + olaparib combina-
tion. In the entire cohort (N = 26), the ORR was 17%, with an
83% disease control rate [15••].

In addition to immune checkpoint inhibition, the utility of
adoptive T cell therapy in patients with ovarian cancer is cur-
rently being examined. The ACTIVATE trial, not yet open to
accrual, involves a personalized, targeted method of combined
modality immune stimulation. After administration of chemo-
therapy, patients are given allografted tumor-infiltrating lym-
phocytes (TILs) and low-dose interleukin 2, followed by
pembrolizumab. First, lymphocytes are harvested from an in-
dividual’s tumor, expanded ex vivo in culture, then infused
along with the stimulating growth factor interleukin 2 to en-
courage lymphocyte proliferation. This is followed by
pembrolizumab monotherapy in an effort to block the PD-1
inhibitory signal, allowing for an enhanced immune response
(NCT03158935).

By definition, patients with platinum refractory ovarian
cancer experience disease progression while on first-line plat-
inum-based chemotherapy and have limited treatment options.
Given the genetic instability of ovarian cancer, and the lack of
identifiable driver mutations, several studies in refractory dis-
ease employ a multi-targeted approach. One approach current-
ly under study is examining a lymphocyte-activating antibody
varlilumab, with nivolumab, a fully human IgG4 monoclonal
anti-PD-1 antibody, in an effort to increase the immune re-
sponse (NCT02335918). Varlilumab (developed by Celldex
Therapeutics) is a fully human monoclonal antibody that tar-
gets CD27, which is pivotal for lymphocyte activation.
Varlilumab acts as an agonist anti-CD27 antibody, activating
T cells, with reduced collateral immune activation, and thus a
proposed parallel reduction in side effect profile. In pivotal
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preclinical studies, the activation of T cells via T cell receptor
binding and varlilumab results in multiple cell divisions and
the secretion of pro-inflammatory cytokines [16].

Early data regarding the efficacy of avelumab, a human
IgG1monoclonal antibody that binds to PD-L1, in patients with
platinum-resistant recurrent ovarian cancer was reported as part
of the phase Ib JAVELIN solid tumor trial (NCT02718417).
Patients with recurrent or refractory ovarian cancer were treated
with avelumab 10 mg/kg intravenously every 2 weeks until
disease progression, unacceptable toxicity, or withdrawal. A
total of 124 patients were treated, with an objective response
rate (ORR) of 9.7% (95% CI 5.1–16.3%) and a disease control
rate of 54%. Median progression-free survival (PFS) was
11.3 weeks, and median overall survival (OS) was 10.8 months
in this pretreated, unselected patient cohort [17].

Alternate studies aim to augment the effect of
avelumab, a fully humanized monoclonal antibody to
PD-L1, using etinostat, a histone deacetylase inhibitor.
In tumor tissue, etinostat alters gene expression and may
induce growth arrest, differentiation, and apoptosis.
Recently, it has also been shown to act on the host im-
mune system as an epigenetic modulator of the immune
response. Preclinical studies have supported the observa-
tion in clinical trials that less immunogenic tumor types
have a modest response rate to checkpoint inhibition
alone. In a mouse xenograft model, tumors with lower
mutational load expressed fewer antigens that could bind
MHC–I. Etinostat, through DNA hypomethylation, altered
the expression of myeloid-derived suppressor cells
(MDSCs) that have potent immunosuppressive function.
In a mouse xenograft model, the addition of etinostat at
non-cytotoxic levels to checkpoint inhibitors eradicated
tumors that had little response to either agent alone [18].

The current standard of care for the treatment of patients
with platinum-resistant disease recurrence is chemotherapy
plus the anti-angiogenic agent bevacizumab. This is based
on the results of the AURELIA study, the first randomized
phase III trial to demonstrate an improved PFS with combina-
tion over single-agent therapy. Best response rates in this pop-
ulation of cancer patients remain from 15 to 20% with single
agents, and the median overall survival is approximately
12 months [5]. In order to better understand the clinical utility
of immune checkpoint inhibitors in this same population, a
phase II trial of the anti-PD-1 antibody, nivolumab, was con-
ducted in patients with platinum-resistant recurrent ovarian
cancer. A total of 20 patients were enrolled, on trial, and the
majority (55%) had four or more prior lines of treatment. The
best overall response rate was 15%, with a disease control rate
of 45%. There were two patients who experienced a durable
complete response, one with serous and the other clear cell
histology. In this small exploratory study, the median
progression-free survival was 3.5 months with median overall
survival of 20 months [19•].

These exciting preliminary results helped catalyze the con-
tinued development of checkpoint inhibition in patients with
this difficult to treat disease. Studies pairing checkpoint inhib-
itors with both cytotoxic agents and other biologic agents are
ongoing. Pembrolizumab is being combined to the cytotoxic
doublet of gemcitabine and cisplatin in one trial and to
carboplatin alone in another. A larger five-arm trial combining
two checkpoint inhibitors targeting PD-1 and its ligand, PD-
L1, with the biologic bevacizumab with or without
acetylsalicylic acid is ongoing. Also, in the recurrent setting
is an NRG-sponsored trial examining two checkpoint inhibi-
tors, nivolumab with or without ipilimumab, a CTLA-4
inhibitor.

Results from expansion cohorts in ongoing basket trials
have also shown promise. The Keynote-028 phase Ib multi-
cohort trial was designed to evaluate the safety and efficacy of
pembrolizumab in patients with advanced solid tumors ex-
pressing PD-L1. Keynote-028 results showed an objective
response rate of 11.5% in the ovarian cancer cohort, where
26 patients with advanced ovarian cancer were treated with
pembrolizumab alone. There was 1 complete response, 2 par-
tial responses, and a 23% stable disease rate (NCT02054806).

Endometrial Cancer

In 2017, approximately 61,380 women were diagnosed with
endometrial cancer, with 10,9200 deaths [4]. Unfortunately,
despite early symptoms and disease detection, the incidence of
uterine cancer, as well as the mortality rate in the USA, con-
tinues to rise. The 5-year survival rate declined from 87% in
1975–1977 to 83% in 2005–2011 [20]. Increases in the prev-
alence of obesity, an aging population, the lack of effective
treatment for advanced or recurrent disease, and other yet to be
identified factors are thought to contribute to the rising inci-
dence and mortality. In the context above, the recent FDA
approval of single-agent pembrolizumab in patients with
MMR-deficient recurrent endometrial cancer represented an
oncologic milestone. Prior to this approval, which was unique
given the disease site agnostic label, the treatment of patients
with recurrent endometrial cancer following systemic chemo-
therapy was limited to hormonal agents, or cytotoxic drugs
with limited efficacy.

The rationale for use of immunomodulatory agents in pa-
tients with endometrial cancer was less developed than that
seen in ovarian cancer cohorts. Specifically, much less was
known about the prognostic implications of the presence or
absence of TILs in endometrial cancers than in ovarian can-
cers. Furthermore, the localization and functionality of these
cells in patients with endometrial cancer were not well under-
stood [21–23]. Nevertheless, given the excitement and prom-
ise surrounding immunotherapy and limited options available
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to these patients, clinical trials exploring checkpoint inhibitors
in patients with recurrent endometrial cancer were designed.

Early immunohistochemical studies on endometrial cancer
specimens of various histologies have detailed PD-1 and PD-
L1 expression levels surpassing those seen in ovarian and
cervical cancers, suggesting a potential role for checkpoint
inhibitors in this disease setting [24–26](Table 2).

In a pivotal clinical trial that ushered in the continued ex-
amination of checkpoint inhibitors in patients with endome-
trial cancer, Le et al. conducted a phase 2 trial of single-agent
pembrolizumab, in patients with mismatch repair (MMR)-de-
ficient, MSI-high, progressive metastatic carcinoma [27••].
This trial was designed to test the hypothesis that MMR-defi-
cient, microsatellite unstable-high tumors are more responsive
to PD-1 blockade than MMR-proficient tumors, due to the
high somatic mutational load, resulting in neoantigen forma-
tion and a more prominent lymphocytic infiltrate. As predict-
ed, the two cohorts with MMR-deficient, MSI-high cancers
(one with colorectal cancer patients and the other with non-
colorectal cancer patients, including two patients with recur-
rent, previously treated endometrial cancer) had significantly
higher objective response rates by immune-related response
criteria and by Response Evaluation Criteria in Solid Tumors
(RECIST). The MSI-high cohorts also experienced a signifi-
cantly better immune-related PFS and disease control rate at
20 weeks by RECIST.

Building upon this, A.N. Fader et al. presented an expand-
ed cohort of MMR-deficient, recurrent or persistent, endome-
trial cancer patients treated with single-agent pembrolizumab
[10]. All ten patients received at least one prior line of system-
ic chemotherapy and up to four previous regimens. The au-
thors reported an overall response rate of 70% (95% CI 21%–
86%, n = 7), with two complete responses (CR) and five par-
tial responses (PR). The disease control rate, or “clinical ben-
efit” rate (CR + PR + stable disease), was 80% (n = 8). The 12-
month overall survival (OS) rate was 89%, and the median OS
was not yet reached. Importantly, MSI status was determined
using standard-of-care MMR IHC testing for MLH1, MSH2,
MSH6, and PMS2. Patients lacking expression of DNA mis-
match repair proteins were classified as MSI-high, consistent
with prior studies reporting concordance rates great than 90%
between MMR IHC and MSI PCR.

Most recently, following review of pooled data from
five uncontrolled, open-label, multi-cohort, multi-center,
single-arm trials, single-agent pembrolizumab was ap-
proved for the treatment of MMR-deficient (MSI-high)
solid tumors that progressed following prior therapy, with
no alternative treatment options. Across all five trials, the
efficacy analysis showed an ORR of 39.6% (95% CI
31.7–47.9) with a complete response rate of 7.4% and a
partial response rate of 32.2%. At the time of data cutoff,
median duration of response had not yet been reached
(range 1.6+ to 22.7+ months), with 78% of responding

patients having responses of 6 months or longer. Of the
149 subjects in the pooled analysis, 14 had recurrent en-
dometrial cancer, with a reported ORR of 36% (DOR
range 4.2+, 17.3+), surpassing historical controls in this
pretreated patient population.

In an effort to identify molecular predictors of response,
and to better define the endometrial cancer immune landscape,
Goodfellow et al. confirmedMSI-high status in 28.4% (296 of
1043 EC specimens) of endometrial cancer tumors examined
as part of NRG/GOG0210 [28]. Expanding on this assess-
ment, McMeekin et al. examined the clinicopathologic signif-
icance of MMR defects in a cohort of endometrioid endome-
trial cancers (NRG/GOG0210) [29•]. Within this population,
MMR defects were identified in 71 (42%) of 168 subjects with
stage 3 or 4 disease.

Howitt et al. additionally tested the hypothesis that micro-
satellite unstable endometrial cancers would exhibit more
tumor-specific neoantigens, resulting in increased tumor-
infiltrating lymphocytes and a compensatory upregulation of
immune checkpoints [30]. Microsatellite unstable tumors ex-
hibited higher numbers of CD3+ and CD8+ tumor-infiltrating
lymphocytes, providing a molecular rational for the efficacy
of pembrolizumab in this patient population. Furthermore,
PD-1 was overexpressed in tumor-infiltrating lymphocytes
and peritumoral lymphocytes of microsatellite unstable tu-
mors. This combination of increased mutational load, tumor-
infiltrating lymphocytes, and high PD-1/PD-L1 expression
suggests that endometrial cancer is an ideal target for immu-
notherapeutic interventions. An ongoing trial of single-agent
pembrolizumab requires that patients have an ultramutated or
hypermutated (MMR-deficient) phenotype NCT02899793.

Efficacy results have also been reported from basket trial
studies including the endometrial cancer cohort of Keynote-
028 [31]. Mismatch repair (MMR) status was not required for
patients to be enrolled and treated on Keynote-028, but rather
PD-L1 expression defined as at least 1%membranous staining
by centralized IHC testing. Of 75 total patients screened, 36
had PD-L1-positive tumors, and 24 were enrolled on trial. In
this subgroup of patients with heavily pretreated, PD-L1-
positive endometrial cancer, 13% achieved a confirmed partial
response (95% CI, 2.8%–33.6%). An additional three patients
(13%) achieved stable disease, with median duration of
24.6 weeks. Thirteen patients (54.2%) experienced a
treatment-related adverse event, with fatigue, pruritus, pyrex-
ia, and decreased appetite occurring in at least 10% of patients.
Importantly, in the three documents partial response, one pa-
tient was found to have a polymerase E (POLE) mutation, one
had MMR-proficient (non-MSI-high status) disease, and one
had unknown MSI status, suggesting efficacy even in the
MMR-proficient population [31].

In an effort to expand eligibility and elicit response in
the MMR-proficient (microsatellite stable) endometrial
cancer patients, representing the majority of subjects,
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Table 2 Studies exploring immune checkpoint inhibition in endometrial cancer

Disease site Trial design Population Mechanism Aims Clinical trial #

Endometrial Phase 2
Pembrolizumab 200 mg IVevery

3 weeks

Persistent, recurrent, or
metastatic endometrial cancer
with ultramutated or
hypermutated (MMR-gene
defective) phenotype

Primary:
frequency of
objective
tumor
response

Adverse events
Secondary:
PFS
OS

NC-
T02899793

Endometrial Phase 2
Nivolumab 240 mg IVevery 2 weeks
+
Ipilimumab 1 mg/m2 IV every 6 weeks

Non-resectable endometrial
carcinoma with somatic
deficient MMR

Anti-PD-1
Anti-CTLA-4

Primary: ORR
Secondary PFS

at 12 and 24
wk.

OS

NC-
T02982486

Not yet
recruiting

Endometrial Phase 1 dose escalation
FAZ053 with or without PDR001

Advanced endometrial cancer Anti-PD-L1
Anti-PD-1

Primary: AEs
Secondary:
ORR
PFS
Other

drug-related
safety and PK
outcomes

NC-
T02936102

Endometrial Phase 2
Pembrolizumab 200 mg
+/−
Paclitaxel 175 mg/m2 + Carboplatin

AUC 6

Advanced recurrent endometrial
cancer

Anti-PD-1
Cytotoxic

chemotherapy

Primary: ORR
Secondary: AEs NC-

T02549209
Not yet

recruiting

Endometrial
Ovarian

Phase 2
Day − 7 and day − 6:

cyclophosphamide 60 mg/kg/day IV
× 2 days

Day − 5 to day − 1: fludarabine
25 mg/m2 IVPB daily for 5 days

Day − 2, day 21, day 42, and day 63:
pembrolizumab 2 mg/kg IV

Day 0: TILs infused IV
Aldesleukin 720,000 IU/kg IV every

8 h, beginning 24 h after TIL
infusion and continued for 5 days

Metastatic endometrial cancer Anti PD-1 Primary:
Rate of tumor

regression
Secondary:
Toxicity Safety

and efficacy
of
pembrolizu-
mab + TIL

NCT01174121

Endometrial Phase 1b
1a: 3 + 3 design to determine maximum

tolerated dose of the following pairs:
Group A: pembrolizumab + itacitinib
Group B: pembrolizumab +

INCB050465
1b: safety expansion cohorts with

recommended doses

Advanced endometrial cancer JAK1 inhibitor
PI3K-delta inhibitor

Primary: safety,
tolerability

Secondary:
ORR, PFS,

DOR

NC-
T02646748

Endometrial
Ovarian
Cervical

Phase 1b
Atezolizumab 1200 mg IV every

21 days
+
GDC-0919 PO every 12 h (dose

escalation; starting dose 50 mg, up to
1000 mg)

Advanced, recurrent, or
metastatic incurable solid
malignancy

PD-1
PD-L1

Primary: %
DLTs

AEs
Secondary:
MTD, dosing
ORR
DOR

NC-
T02471846

Endometrial
Keynote-158

Phase 2
Pembrolizumab 200 mg IVevery

3 weeks up to 35 doses
Evaluating predictive biomarkers

Advanced solid tumors PD-1 inhibitor Primary: ORR
NC-
T02628067

Rare tumors
(endometrioid

Phase 2
Ipilimumab IV days 1, 15, and 29
+

Rare tumors PD-1 inhibitor
CTLA-4 inhibitor

Primary: ORR
Secondary:
Best response

NC-
T02834013
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combinatorial approaches using cytotoxic chemotherapy
are being explored. In a single institution, phase II study,
pembrolizumab in combination with carboplatin and pac-
litaxel is being examined in patients with unresectable or
widely metastatic disease. The rationale behind such an
approach parallels that explored in the ovarian cancer are-
na, namely, capitalizing on the immune stimulatory prop-
erties of cytotoxic chemotherapy.

Dual immunomodulation, using a CTLA-4 inhibitor,
ipilimumab, with the PD-1 inhibitor nivolumab, may further
enhance anti-tumor immune responses. Several studies in the
advanced, recurrent, or metastatic setting are using anti-PD-
L1 and anti-PD-1 together as a means of immune stimulation.
This doublet is also under investigation in endometrial cancer
with high-risk histology such as FIGO grade 3 endometrioid,
serous, clear cell or mixed high grade endometrial cancer, as
well as a subgroup of cancers harboring MSS, MSI-H, or
POLE-mutations (NCT02919572). It is hypothesized that
these more highly mutated tumors may elicit a stronger im-
mune response, making them better candidates for immune
therapy.

Another approach to targeted therapy exploits inhibitors of
cell surface receptors on T cells whose downstream effectors

lead to proliferation and activation of immune response.
INCB050465, an inhibitor of PI3kinase-delta, is one such re-
ceptor that stimulates the activity of T cells. T cell activation
and proliferation signals result in the release of cytokines that
activate downstream effectors such as Janus kinase (JAK/
STAT) signal transducers. JAK overexpression or dysregula-
tion has been shown to stimulate cell proliferation and migra-
tion, as well as differentiation and apoptosis [32]. JAK inhi-
bition combined with pembrolizumab is an alternate dual-
modality targeted therapy being investigated in endometrial
cancer.

A phase I/II study is recruiting patients with metastatic
endometrial cancer and other solid malignancies to evaluate
the safety and efficacy of the agonist anti-GITR (glucocorti-
coid-induced tumor necrosis factor receptor-related protein)
antibody paired with either anti-PD-1 or anti-CTLA-4, as well
as the triplet combination given together. INCAGNO1876, a
humanized IgG1 monoclonal antibody against GITR, devel-
oped by Incyte Corporation, augments the T cell response by
abrogating Treg function and simultaneous activation of ef-
fector T cells. This approach utilizes stimulatory and inhibito-
ry antibodies simultaneously in an attempt to illicit a greater
anti-tumor immune response.

Table 2 (continued)

Disease site Trial design Population Mechanism Aims Clinical trial #

adenocarcino-
ma)

DART Study

nivolumab IV day 1, cycles repeat every
42 days

PFS
OS
AEs

Endometrial Phase 2
Endometrial biopsy, then 2 doses of

pembrolizumab 200 mg IVevery
3 weeks→ surgery ➔ carboplatin
AUC 5/paclitaxel (standard) →
pembrolizumab again if high risk
(every 3 weeks for 4 doses) if no
radiation given

FIGO grade 3 endometrioid,
serous, clear cell, or mixed
high grade endometrial cancer
on biopsy

PD-1 inhibitor Primary:
Safety
AEs
Secondary:
PFS

NC-
T02630823

Endometrial Phase 2
Avelumab administered twice per

28-day cycle

MSS, MSI-H, and
POLE-mutated recurrent or
persistent endometrial cancer

PD-L1 inhibitor Primary:
PFS 6 months
Secondary:
PFS
OS

NC-
T02912572

Endometrial Phase 1/2
Arm 1: INCAGN01876

IV + nivolumab IV
Arm 2: INCAGN01876

IV + ipilimumab IV
Arm 3: INCAGN01876

IV + ipilimumab IV + nivolumab IV
INCAGNO1876 will be given at the

protocol-defined dose according to
cohort enrollment.

Nivolumab and ipilimumab will be
given IVat the protocol-defined dose
according to assigned treatment
group

Advanced, metastatic
malignancies

Anti-GITR
agonistic,
activates GITRs
on T cells,
stimulates
immune system

Anti-PD-1
Anti-CTLA-4

Primary:
Safety
AEs
ORR
Secondary:
Duration of

response
PFS
OS

NCT03126110

PFS progression free survival, OS overall survival, ORR overall response rate, DOR duration of response, AEs adverse events

14 Curr Obstet Gynecol Rep (2018) 7:6–19



Cervical Cancer

Representing the least common of the three principle gyneco-
logic malignancies in the USA, it is anticipated that there will
be 12,820 new cases of cervical cancer in 2017, with 4210
deaths. The tremendous reduction in cervical cancer incidence
is attributed to improved screening and vaccination. However,
despite vaccination, screening, and efforts at early detection, a
subset of patients are diagnosed with advanced stage disease,
or develop recurrence following front-line therapy [4, 20].

Depending on clinical International Federation of
Gynecology and Obstetrics (FIGO) stage, cervical cancer
may be managed with surgery alone or multi-modal therapy
involving radiation and cytotoxic chemotherapy. In the ad-
vanced stage or recurrent setting, systemic therapy is required
and is associated with a much poorer prognosis.

The results of Gynecologic Oncology Group (GOG) 240
represented a paradigm shift in the management of metastatic
or recurrent cervical cancer, ushering in a new era of targeted
therapies in this disease setting. GOG 240 demonstrated an
overall survival advantage with the addition of the biologic,
bevacizumab, to this standard chemotherapy doublet back-
bone (17 vs. 13.3 months; (hazard ratio for death 0.71; 98%
CI 0.54–0.95; p = 0.004 in a one-sided test) [33]. In an effort
to expand on these survival gains, investigators are exploring
the utility of immunotherapy in patients with cervical cancer.

The unique etiology of cervical cancer, resulting from HPV-
virus-induced mutations, provides a rationale for immunother-
apy in this disease setting. Viral oncogenes E6 and E7 bind to
and interfere with the biological function of p53 and Rb tumor
suppressor proteins, respectively, leading to accumulation of
mutations and eventual cervical dysplasia and carcinoma [34].
The presence of viral DNAmay enhance the antigenicity of this
tumor type, as it is recognized as foreign by the immune system.
Concurrent cytotoxic chemotherapy may further contribute to
antigen unmasking. Addition of checkpoint inhibitors to stim-
ulate the immune response could elicit a synergistic effect of
this combined modality therapy [6].

HPV oncoproteins E6 and E7 are potential targets for im-
munotherapy in cervical cancer. Recent evidence has demon-
strated recurrent neoantigens from mutations in known onco-
genic driver genes in cervical cancer tumors [35]. Therapeutic
vaccines, including Lm-LLO-E6 that targets the E6
oncoprotein, are under development and could potentiate the
efficacy of checkpoint blockade in HPV-infected cancers [36].

In the cervical cancer cohort of Keynote-028,
pembrolizumab demonstrated modest activity. Eligible sub-
jects were required to have unresectable or metastatic disease
and to have failed prior systemic therapy. Over 60% of pa-
tients had metastatic disease. Of 23 evaluable patients, the
overall response rate was 12.5% (95% CI 2.7–32.4%), with
a median duration of response of 19.3 weeks (range, 16.3–
29.7+ weeks) and median time to response of 8 weeks [37].

The stable disease rate was 12.5%, and in those responding,
the median duration of response approached 20 weeks.

Results from Keynote-158, a study of pembrolizumab
monotherapy in advanced squamous cell cervical cancer, were
recently presented at the 2017 ASCO annual meeting,
reporting a 17% overall response rate (95% CI 8–31%), inde-
pendent of PD-L1 status (2017 ASCO Annual Meeting-
abstract 5514) [38]. Amongst the first 47 patients enrolled
on trial, there were 3 confirmed and 5 unconfirmed responses.
Eighty-seven percent of patients had PD-L1-positive tumors,
and the ORR was independent of PD-L1 status. In the entire
cohort of 82 subjects, the ORR was 12% (95% CI 6–21%),
with 3 complete responses and 7 partial responses. The medi-
an time to response was 2.1 months, and all ten responses
were ongoing at the time of data cutoff. With respect to safety,
51% of patients experienced any grade treatment-related ad-
verse event and 10% grade 3 or 4 (AST/ALT increase and
pyrexia). This preliminary data suggests interesting single
agent activity in patients with previously pretreated advanced
stage squamous cell cervical cancer.

The CheckMate 358 trial in virus-associated tumors com-
pares monotherapy with nivolumab to doublets of nivolumab
and the anti-CTLA-4 ipilimumab, the lymphocyte activation
gene-3 (LAG-3) which binds to and blocks an immunosup-
pressive receptor on tumor-infiltrating lymphocytes, or
daratumumab, a human monoclonal antibody agonist to
CD38 on T cells that serves a stimulatory role for anti-tumor
immune response. Data regarding the metastatic monotherapy
cohort (treated with single-agent nivolumab 240 mg every
2 weeks) was presented at the 2017 ASCO annual meeting.
A total of 24 patients were evaluable, 19 of whom had recur-
rent or metastatic cervical cancer. The reported ORR was
26.3% (95% CI 9.1–51.2%), with a disease control rate of
68.4%. The median duration of response was not reached
(0.9–5.8+). In this small cohort, the median PFS was
5.5 months (3.5—not reached), and the 6-month OS rate
was 87.1%.

An ongoing phase I clinical trial, NCT01711515, has com-
pleted accrual and is evaluating the administration of
ipilimumab, the CTLA-4-inhibiting antibody, after chemora-
diation therapy in patients with stage IB2-IIA or IIIB-IVA
cervical cancer (Table 3). Radiation is known to stimulate an
anti-tumor immune response through several mechanisms, in-
cluding the release of tumor antigens, facilitation of tumor
antigen uptake and presentation by dendritic cells, and the
induction of pro-inflammatory cytokines to mediate T cell
recruitment. Administration of systemic checkpoint inhibitors
after localized radiation has demonstrated clinical responses in
mouse models and in a clinical trial of patients with prostate
cancer [39].

Importantly, investigators are looking to identify how to
best sequence radiation and checkpoint inhibition. In a phase
II study (NCT02635360), patients will be randomized to

Curr Obstet Gynecol Rep (2018) 7:6–19 15



receive cisplatin and brachytherapy with concurrent
pembrolizumab, or to receive pembrolizumab after this stan-
dard chemoradiation regimen. It is thought that the timing of
therapy may have differential effects based on disease stage
and tumor location.

Toxicity

Exploiting the host immune system for anti-tumor therapy
affects self-tolerance to some degree and therefore does not
avoid systemic as well as target-related toxicities.

Table 3 Studies exploring immune checkpoint inhibition in cervical cancer

Disease site Trial design Population Mechanism Aims Clinical trial #

Cervix
PAPAYA

Trial

Phase 1
Dose escalation phase:
Pembrolizumab in n = 3 patients, administered in 8 cycles

every 3 weeks for 18 weeks starting 2 weeks prior to
first fraction of radiotherapy, then in combination with
radical radiotherapy, brachytherapy, and cisplatin.

1st dose level: 100 mg
2nd dose level: 200 mg
Expansion phase: using MTD
Pembrolizumab
Preloading dose 2 weeks prior to chemoradiation, then

every 3 weeks for 7 cycles
+
cisplatin 40 mg/m2 weekly
+
radical radiotherapy and brachytherapy

IB-IVA cervical
carcinoma

Anti-PD-1
platinum

Primary: MTD
Efficacy
Secondary:
Toxicities
RR
HPV status
OS
Late radiotherapy
toxicity

PFS

NC-
T03144466

Not yet
recruiting

Cervix Phase 2 randomized
Experimental arm 1: following chemoradiation
Cisplatin 40 mg/m2 weekly +4–6 fractions of

brachytherapy for 5–6 weeks
Followed by:
Pembrolizumab 200 mg IV every 3 weeks for 3 months
Experimental arm 2: concurrent to chemoradiation
Standard chemoradiation (as above) with concurrent

pembrolizumab 200 mg IV every 3 weeks

Locally advanced
cervical cancer

Anti-PD-1 Primary:
Change in
immunologic
markers

Incidence of
dose-limiting
toxicities

Secondary:
Metabolic RR
(PET/CT)

Incidence of
distant mets

PFS
OS

NC-
T02635360

Cervix
AIM2CERV

trial

Phase 3 randomized
Cisplatin-based chemoradiation followed by:
Arm B: Placebo
Arm A: ADXS11-001 (vaccine)

Cervical cancer; high
risk locally
advanced

Vaccine
targeting
HPV-E7

Primary: DFS
Secondary:
Safety and
tolerability

OS

NC-
T02853604

Cervix
Keynote-158

Phase 2
Pembrolizumab 200 mg IV every 3 weeks for up to 35

doses

Previously treated
advanced squamous
cell cervical cancer

Anti-PD-1 Primary: ORR
Secondary:
evaluation of
predictive
biomarkers

NC-
T02628067

Cervix
Checkmate

358

Phase 1/2
1) Nivolumab monotherapy (neoadjuvant, monotherapy

in metastatic)
2) Nivolumab + ipilimumab
3) Nivolumab + BMS-986016
4) Nivolumab + daratumumab

Virus-associated
tumors

Anti-PD-1

Anti-CTL-
A-4

Anti-LAG-3
monoclo-
nal
antibody

NC-
T02488759

Cervix
GOG 9929

Cisplatin 40 mg/m2 weekly × 6 + extended field RT
followed by ipilimumab at 3 mg/kg or 10 mg/kg

Node-positive cervical
cancer

MTD,
dose-limiting
toxicities

1 year DFS

NCT01711515

MTD maximum tolerated dose
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Autoimmune-like side effects have been noted in all of the
studied checkpoint inhibitors, of varying severity.

Dose-related toxicities have been observedwith the CTLA-
4 inhibitor ipilimumab. In a large phase II ipilimumab mono-
therapy study in melanoma, at a dose of 10 mg/kg, immune-
related grade 3–4 adverse events occurred in 22%. The ad-
verse events observed with the PD-1 inhibitor, nivolumab, do
not appear to be dose related (5–11.7% with grade 3–4). In a
phase II trial of the PD-1-inhibitor pembrolizumab, 12% of
patients experienced grade 3 or 4 adverse events.

Furthermore, it appears that the side effect profiles may
differ depending on the specific checkpoint target: CTLA-4,
PD-1, and PD-L1. The adverse events associated with PD-1/
PD-L1 antibodies appear to be less frequent and less severe
than for those noted with CTLA-4-targeted antibodies. Unlike
traditional cytotoxic chemotherapy regimens, immune-related
adverse events are usually inflammatory in nature and include
constitutional (pyrexia, fatigue related to cytokine release), as
well as organ-specific dermatologic, gastrointestinal, hemato-
logic, neurologic, endocrine, renal, and pulmonary effects [40,
41]. This emphasizes the importance of provider and patient
education as patients begin to more frequently receive these
novel agents.

Common skin toxicity in patients exposed to checkpoint
inhibitors includes maculopapular rash and pruritus. Rare and
more severe conditions such as Stevens-Johnson syndrome
and toxic epidermal necrolysis have occurred, as well as oral
mucositis and gingivitis. Diarrhea and colitis are the most
common gastrointestinal symptoms, which can be severe if
not treated early. Severe colitis has occurred in patients treated
with ipilimumab (6–14%), but in less than 1% of those treated
with PD-1/PD-L1 targeting antibodies. Additionally,
endocrinopathies are more often seen with anti-CTLA-4 anti-
bodies and may involve the thyroid, adrenal, and pituitary
glands. Hepatitis has been attributed to anti-CTLA-4 therapy,
but abnormal AST/ALT levels have been seen with all of the
checkpoint inhibitors. Anti-CTLA-4 and PD-1 antibodies
have caused pneumonitis, with a typical diffuse lymphocytic
infiltrate on biopsy and brushings.

Rarer neurologic toxicities include encephalitis, Guillain-
Barre syndrome, and a myasthenia gravis-like syndrome with
ipilimumab treatment or PD-1 blockade. Hematologic toxic-
ities are also infrequent, but include thrombocytopenia and
leukopenia. Sarcoid-like granulomatous reactions have been
reported with CTLA-4 antibodies.

Combining checkpoint inhibitors with other novel agents
may increase efficacy, but this will have to be balanced against
potential toxicity and impacts on patient reported outcomes
including quality of life. The most important to the manage-
ment of the toxicities associated with use of immune check-
point inhibitors is early identification and rapid, aggressive
treatment with corticosteroids or other immune suppressants
[40, 42].

Conclusions

Despite the promise identified in early clinical trials, the use of
immune checkpoint inhibition in patients with gynecologic
cancer is at its infancy. In conjunction with active clinical
assessment of efficacy, clinical trialists are performing critical
translational research in an effort to both better predict re-
sponse and try and identify ways to convert non-responders
to responders.

Across solid tumor types, identifying subgroups expressing
specific immune profiles more likely to respond to immune
modulation will be important as well as selecting appropriate
cohorts of patients likely to respond to active immune therapy.
Defining patients who require ex vivo expansion and adoptive
T cell therapy versus those likely to benefit from checkpoint
blockade will be important as the field of immunotherapy
matures.

Ultimately, combinatorial approaches may be required, and
in a cohort of patients with limited therapeutic options, mean-
ingful clinical advances are critical.
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