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Opinion statement

Research into novel therapies for gynecologic cancers is underfunded, and as a result, we
are still playing catchup with other solid tumors in the realm of immune checkpoint
inhibition. This is despite the fact that two of the most common gynecologic cancers in
the USA have strong biologic rationales for response to these agents. Work is now
underway to demonstrate safe and effective therapies for our patients. As we better
understand the immune system, and more specifically the tumor microenvironment, we
will be able to achieve complete responses. The immune system can learn, adapt, and
provide ongoing surveillance; if only we could mimic its abilities.

Introduction

Lynch syndrome and gynecologic cancers
Lynch syndrome (LS), also known as hereditary
non-polyposis colorectal cancer (HNPCC), is
caused by inherited defects in DNA mismatch re-
pair (MMR) proteins. Common genes with muta-
tions include MLH1, MSH2, and MSH6 [1]. The LS

spectrum also includes, among others, endometrial
and ovarian carcinomas [2, 3]. Women with LS
have a greater than 40% lifetime risk of endome-
trial cancer and a 10–12% lifetime risk of ovarian
cancer [4]. Tumors with deficient mismatch repair
(dMMR) have been identified as excellent targets
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for immunotherapy, particularly checkpoint inhibi-
tors [5].

Immune checkpoint inhibitors
Immune checkpoint proteins act as coinhibitory regula-
tors of T cell activation [6]. To date, the checkpoint
proteins that are best understood are as follows: cyto-
toxic T lymphocyte antigen 4 (CTLA-4), programmed
cell death 1 (PD-1), and programmed cell death ligand
1 (PD-L1) [7]. Monoclonal blocking antibodies to these
cellular targets have been developed and tested for clin-
ical utility. Antibodies to CTLA-4 include ipilimumab
and tremelimumab; antibodies to PD-1 include
nivolumab and pembrolizumab; and antibodies to
PD-L1 include atezolizumab, avelumab, and
durvalumab. At the core of checkpoint inhibition ther-

apy is the concept of tumor immunogenicity, or the
ability of a tumor to be recognized by the immune
system [8]. High expression of PD-L1 by tumor cells
promotes immunosuppression by inhibiting cytotoxic
T cell activity in the tumor microenvironment. High
expression of PD-L1 on cancer cells has been associated
with poor clinical outcomes [9]. Although some studies
have suggested that cells expressing high levels of PD-L1
may be more likely to benefit from checkpoint block-
ade, clinical responses have not directly correlated to
levels of PD-L1 expression.

In the last 3 years, the clinical application of immuno-
therapies in oncology has gained considerable attention
with the promise of addressing lingering treatment gaps.
To date, immunotherapy with checkpoint inhibitors has
demonstrated modest but promising progress in patients
with advanced and recurrent gynecologic cancers.

Endometrial cancer

Endometrial carcinoma will affect an estimated 61,880 women in the USA in
2019, and just over 12,000 women will die from the disease [10]. The relatively
favorable death to case ratio of endometrial cancer is due to the fact that most
women are diagnosed at an early stage when surgical removal of the uterus
effectively cures their cancer [11]. Unfortunately, up to 30% of cases each year
present with regional or distant metastases and an associated decrease in
estimated survival (69% and 16.9% 5-year survival, respectively) despite the
use of multimodal therapies. Most advanced and recurrent endometrial cancers
are incurable and embody a population of patients for whom we lack mean-
ingful treatments [12].

The traditional classification of endometrial cancer into type I cancers that are
estrogen dependent with a relatively favorable prognosis versus type II cancers
that are poorly differentiated with a worse prognosis dates back to the 1980s
[13]. More recently, The Cancer Genome Atlas project has identified four genet-
ically distinct groups of endometrial cancer: the ultra-mutated DNA polymerase
epsilon (POLE) group, the hyper-mutated microsatellite instable (MSI) group,
the copy number low (microsatellite stable (MSS)) group, and the copy number
high (serous-like) group of cancers [14•]. Each group demonstrated a different
prognosis, with the ultra-mutated POLE cancers having the most favorable
survival profile, and the serous-like copy number high cancers the poorest
survival estimates. The high frequency of genetic mutations in the POLE and
MSI cancers is associated with the creation of neoantigens [15]. Consequently,
these tumors are thought to be more immunogenic and are often found associ-
ated with tumor-infiltrating lymphocytes (TILs) [16•]. Additionally, these tu-
mors express high levels of both PD-1 and PD-L1 which downregulate the
potential cytotoxic effect of activated TILs [6, 17]. The resulting tumor microen-
vironment is characterized by paralysis of the immune response and thusmay be
uniquely suited to treatment with immune checkpoint inhibition [18].
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Clinical experience with checkpoint inhibitors in endometrial
cancer
Targeting PD-1

The first signal that checkpoint inhibitors may have a role in advanced endo-
metrial cancers came in a landmark study of the anti-PD-1, pembrolizumab, by
Le et al. [16]. This study enrolled both MMR-deficient (dMMR) and MMR-
proficient (pMMR) colon cancers as well as other solid tumors with MMR
deficiency. Among the dMMR colon cancers, the objective response rate
(ORR) to pembrolizumab was 40% compared with 11% in the pMMR colon
cancers. In the group of dMMR non-colon cancers, the ORR was 71% (this
group included two endometrial cancers). This was followed by the phase I
KEYNOTE-028 trial, also investigating pembrolizumab, with a larger group of
unselected (in terms of MMR) endometrial cancer patients (n = 24) [19]. The
ORR was 13%, and the toxicity profile was as expected for a checkpoint
inhibitor: fatigue, anorexia, pruritis, and pyrexia. In an updated analysis by Le
et al., response to pembrolizumab across a variety of cancer types was most
closely correlated withmismatch repair deficiency (dMMR) [20••]. Tumors that
were MMR deficient demonstrated an impressive ORR of 53% across multiple
histologies with 21% achieving a complete response. Following the publication
of this study, the FDA approved pembrolizumab for cancers with deficient
mismatch repair, regardless of tissue of origin [21]. Another anti-PD-1,
nivolumab, has been reported to have dramatic results in two patients with
advanced endometrial cancers that were heavily pre-treated and refractive to
both surgery and radiotherapy [22]. Notably, one patient’s tumor was an ultra-
mutated POLE type and the second a hyper-mutated MSI type—giving further
weight to the idea that a high mutational burden represents a phenotype
(possible biomarker) that is potentially the best clinical scenario for immune
checkpoint inhibition.

Recently, Fuh and colleagues presented phase I translational data on the use
of pembrolizumab in the neoadjuvant (pre-surgery) setting, followed by stan-
dard of care therapy, and pembrolizumabmaintenance [23]. They reported 6 of
8 patients completed protocol-directed therapy, with one patient experiencing a
rapid progression of their cancer and the other worsening of their other comor-
bid conditions. Other safety data were pending at the time of the report.
Another phase I trial investigating the use of pembrolizumab prior to surgery
is ongoing [24]. Given the emerging data that patients whose tumors are MMR
deficient or have POLE mutations have an improved response to checkpoint
inhibitors, a phase II trial is investigating the use of pembrolizumab as a single
agent in this selected population [25]. Makker et al. reported their experience
with the combination of lenvatinib (a multi-kinase inhibitor of vascular endo-
thelial growth factor receptors 1–3) with pembrolizumab in patients with
advanced endometrial cancers in a phase II trial [26]. They enrolled 53 patients
and observed an ORR in 21 (39.6%, 95% CI 26.5–54.0) with 16/53 (30%)
having serious adverse events, including one death from intracranial hemor-
rhage. These data have supported the initiation of the phase III, KEYNOTE-775
trial comparing the combination of pembrolizumab and lenvatinib to physi-
cian’s choice of cytotoxic chemotherapy (paclitaxel or doxorubicin) [27].
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Finally, the NRG will investigate pembrolizumab in combination with pacli-
taxel and carboplatin followed by pembrolizumab maintenance compared
with paclitaxel and carboplatin with placebo followed by placebomaintenance
in advanced and recurrent endometrial cancers [28]. This trial is pending
activation.

Targeting PD-L1
PD-L1 expression has been seen in about 70% of clear cell endometrial cancers
and in some undifferentiated endometrial cancers, making this an important
target in tumors that are known to be resistant to standard therapies [29, 30].
Current anti-PD-L1 agents under investigation include avelumab, atezolizumab,
and durvalumab. There are several trials underway investigating these agents
alone or in combinationwith either additional checkpoint inhibitors or cytotoxic
chemotherapy. Antill et al. recently reported the phase II PHAEDRA trial evalu-
ating durvalumab in advanced endometrial cancers stratified by MMR status
[31]. They enrolled 71 patients (35 dMMR, 36 pMMR) and noted that the
ORR was 40% (14/35, 95% CI 26–56) for dMMR tumors compared with 3%
(1/36, 95% CI 1–14) for pMMR tumors. Among the dMMR responders, there
were four complete responses and 10 partial responses with 7 others demon-
strating stable disease for 16 weeks. Response was noted regardless of prior
therapy. Immune-related adverse events (irAE) occurred in 14/71 (20%) of
patients with hyperthyroidism, hypothyroidism, pneumonitis, and hepatitis
seen. A two-stage, phase II study evaluating avelumab recently reported prelim-
inary results [32]. Patients with any histology of recurrent or persistent endome-
trial cancer with any prior therapy were included, and then divided into two
groups by immunohistochemical (IHC) staining: MSI/POLE and MSS. Thirty-
one patients were evaluated (15MSI and 16MSS). Among theMSS patients, only
one achieved objective response giving an ORR of 6.25% (95% CI 0.16–30.2).
The MSI/POLE cohort had four responders giving an ORR of 26.7% (95% CI
7.8–55.1). Additionally, 6 patients remained progression free at 6 months
(PFS6) giving a rate 40% (95% CI 16.3–66.7). The rate of grade 3 toxicity was
19%, and there were no grade 4/5 events. Importantly, 5 of the 6 patients who
were progression free at 6 months had three or more prior lines of therapy and
their tumors were IHCnegative for PD-L1. Lastly, a phase III trial of atezolizumab
in combination with paclitaxel and carboplatin followed by maintenance
atezolizumab compared with paclitaxel and carboplatin with placebo followed
by placebomaintenance in advanced and recurrent endometrial cancers has been
announced and is open to enrollment (NCT 03603184) [33].

Targeting CTLA-4
Data on the use of anti-CTLA-4 agents (ipilimumab and tremelimumab) in
endometrial cancers are limited. Recent reports point to their use in combina-
tion with other checkpoint inhibitors. Rubinstein et al. have presented an
interim analysis of their randomized phase II trial of durvalumab as a single
agent compared with the combination of durvalumab and tremelimumab in
recurrent or persistent endometrial cancers [34]. The authors noted modest
activity in this setting with an ORR of 14.8% (95%CI 6.6–100) for durvalumab
and 11.1% (95% CI 4.2–100) for the combination. Serious adverse events were
more common with doublet therapy (44.4% vs 11.1%). Of note, these
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preliminary data suggested that response to these agents did not correlate with
microsatellite status. Finally, a recent case report highlights our limited under-
standing of the ideal patients for immunotherapy. The authors presented a
patient with advanced endometrial cancer whose tumor was noted to be pMMR
as well as PD-L1 negative by IHC [35]. She was treated with the combination of
nivolumab plus ipilimumab and demonstrated a partial response that both
continues to improve and has now been sustained over 12 months. This report
is notable in three ways. First, the continuation and duration of response is
impressive. Second, the combination of agents may point to a potential syner-
gism between targeting CTLA-4 and PD-1, as they act in different phases of the
immune response [7, 36]. Third, by our current understanding, this patient does
not fit the profile of a candidate for checkpoint inhibition with intact mismatch
repair and little to no expression of PD-L1. This suggests other factors are key in
determining response to immune inhibition and that perhaps studies should
offer broader eligibility.

Emerging understanding of the endometrial cancer
microenvironment

As noted previously, there are several candidate biomarkers for response to
immune checkpoint inhibition in endometrial cancers: mismatch repair status,
POLE mutation status, tumor mutational burden, and PD-1/PD-L1 expression
[37–39]. T cell immunoglobulin and mucin domain (TIM-3) has recently been
proposed as another tumor-associated biomarker [40]. While the status of each
of these has been used to characterize endometrial cancers, they may not
provide information regarding the tumor-associated immune cells or other
effectors in the microenvironment such as tumor-infiltrating lymphocytes
(TILs) and tumor-associated macrophages (TAMs). Tumors with deficient mis-
match repair have been found to have significantly higher levels of TILs com-
pared with those with intact mismatch repair [39]. Additionally, the microen-
vironment of dMMR tumors is suggestive of an overall T cell–inflamed pheno-
type with high levels of CD8+ cytotoxic lymphocytes [41]. These observations
may further improve our understanding of why dMMR tumors have consistent-
ly demonstrated better responses to checkpoint inhibition. Antomarchi et al.
recently characterized the tumor microenvironment of grades 1–3 endometrial
cancers compared with both normal endometrial samples as well as endome-
trial hyperplasia [36]. The authors demonstrated that the tumor microenviron-
ment for grade 1 tumors had a far more tumoricidal phenotype compared with
a more tumor-tolerant phenotype in grades 2–3 cancers. These findings have
implications for the use of combination checkpoint inhibitors, such as targeting
both CTLA-4 as well as PD-1 and PD-L1.

Future directions

Prospective molecular profiling of endometrial cancers with triage to adjuvant
therapies has been proposed and has been shown to be feasible [42]. Currently,
The Post-Operative Radiation Therapy in Endometrial Carcinoma (PORTEC)-4a
trial is enrolling in Europe (NCT 03469674). This protocol includes high-
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intermediate risk endometrial cancers which are then randomized to either a
protocol-directed therapy or standard vaginal brachytherapy. Those randomized
to protocol-directed therapy are classified into favorable, intermediate, or unfa-
vorable risk profiles based on both clinical andmolecular features. The favorable
risk group will not receive adjuvant therapy and will be observed, the interme-
diate risk group will receive vaginal brachytherapy, and the unfavorable risk
group will receive pelvic radiotherapy. Immune therapies are not part of this
protocol; however, the molecular classifiers in use are now very familiar: POLE,
MSI, p53, among others. Additionally, there is an emerging understanding
between the use of radiation and the immune system, particularly in endometrial
cancer [43–45]. This will undoubtedly be an active area of future research.

Holistic characterization of both the tumor as well as the immune microen-
vironment may provide the roadmap to the most effective therapies for our
patients. The molecular classification of endometrial cancers by TCGA has
fundamentally shifted our understanding yet has not been applied in everyday
clinical decision making given the resource intensive nature of the analysis. The
Proactive Molecular Risk Classifier for Endometrial Cancer (ProMisE) has been
proposed as an alternate and more practical way of classifying endometrial
cancers [46, 47]. The four groups of endometrial cancers in ProMisE are POLE,
MSI, p53 mutant, and p53 wildtype. Talhouk et al. recently suggested that the
immune response, rather than molecular subtype alone, may best predict
response to checkpoint inhibition [48••]. Specifically, they demonstrated that
there are subpopulations of pMMR and p53 mutant tumors with a notable
number of TILs that signal a recognition by the immune system—thus marking
them as potential responders to checkpoint inhibition. Additionally, they noted
some dMMR and POLE tumors with low numbers of TILs, demonstrating that
molecular subtype does not always correlate with immune response. In an
accompanying editorial, Mullen and Mutch propose that adding an assessment
of TILs to the ProMisE classifications would yield a more comprehensive
evaluation for an individual patient’s response to checkpoint inhibition [49].
Table 1 summarizes the twomolecular classification systems, along with tumor
and microenvironmental features that may help guide immunotherapy.

Table 1. EC characteristics and features of the microenvironment suggestive of response to checkpoint inhibition

Tumor cell features Presence of TILs in the
microenvironment [39,
48••]

Consider use of immune
checkpoint inhibitors?
[49]

TCGA
classification
[14•]

ProMisE
classification
[46]

PD-1/PD-L1
expression
[39]

POLE POLE Frequent Frequent,
High levels

YES

MSI-high dMMR Often Often,
Sometimes high levels

YES

Copy number
low

p53 wildtype Variable Sometimes If TILs present

Copy number
high

p53 mutations Variable Sometimes If TILs present

EC endometrial cancer, TCGA The Cancer Genome Atlas, ProMisE Proactive Molecular Risk Classifier for Endometrial Cancer, TIL tumor-infiltrating
lymphocytes, POLE DNA polymerase epsilon, MSI microsatellite instable, dMMR mismatch repair deficient
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Ovarian cancer

Ovarian carcinoma remains one of the leading causes of cancer death in women
and is the most lethal gynecologic cancer. In 2019, there will be an estimated
22,530 new ovarian cancers and 13,980 deaths in the USA [10]. One of the
reasons for the high mortality rate is that despite the favorable response to first
line therapy (over 80% of patients will be in remission following surgery and
chemotherapy), recurrences are very high and associated with a poor prognosis.
The majority of women with ovarian cancer will be diagnosed with advanced
(stage III–IV) disease which is associated with a poor 5-year overall survival rate
despite maximum surgical effort and multiagent cytotoxic therapy [50].

Due to the challenges of ovarian cancer treatment and the recent success in
treatment of other cancers, there is great interest in immunotherapy as an
alternative to traditional chemotherapy for ovarian cancer. Of the immunother-
apies utilized in the treatment of cancers, immune checkpoint inhibitors have
been the most commonly investigated.

Clinical experience with checkpoint inhibitors in ovarian cancer
Targeting PD-1 and PD-L1

Hamanishi et al. reported results from a phase II trial investigating nivolumab
in the setting of platinum-resistant ovarian cancer [51•]. In this study 20
women were evaluated, and the ORR was 15% (95% CI, 3.2–37.9) and the
disease control rate was 45% (95% CI, 23.1–68.5). There were two patients
(10%) who had a complete response. Notably, the rate of tumor PD-L1 expres-
sion (which was evaluated in all tumors) was not significantly correlated with
response to treatment to nivolumab. The same group recently evaluated the
correlation between response to treatment with nivolumab and the presence of
gene fusions contained in somaticmutations or transcriptomic alignments [52].
They found a strong correlation between clinical response to nivolumab and the
number of fusion genes in ovarian cancer. They concluded that passenger fusion
genes may be a possible predictive biomarker for response to anti-PD-1 therapy
in ovarian cancer.

In the recently reported KEYNOTE-028 trial, 26 patients with advanced,
metastatic ovarian cancers whose tumors were PD-L1 positive were treated with
pembrolizumab [53]. TheORRwas 11.5% (95%CI, 2.4–30.2), and themedian
progression-free (PFS) and overall survival (OS) were 1.9 months (95% CI,
1.8–3.5) and 13.8 months (6.7–18.8), respectively. The rate of treatment-
related adverse events (TRAEs) was 27%. Notably, the dose of pembrolizumab
used in this study was weight based and differs from the recommended fixed
dose used in currently enrolling studies. This may account for the higher rate of
adverse events observed. In a remarkable case report, Bellone et al. described a
complete clinical response to pembrolizumab in a heavily pretreated patient
with advanced ovarian cancer [54]. The patient’s molecular profile was notable
for an aberrant PD-L1 protein expression.

In the phase Ib JAVELIN trial, 125 patients were evaluated as an expansion
cohort with the objective to assess the efficacy and safety of avelumab, an
antibody targeting PD-L1 [55]. An objective response occurred in 12 patients
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(9.6%, 95%CI 5.1–16.2), including one complete response. The 1-year PFS rate
was 10.2% (95% CI, 5.4–16.7), and median OS was 11.2 months (95% CI,
8.7–15.4). TRAEs were seen in 20% of patients. Importantly, two patients with
clear cell ovarian cancer, a histologic subtype that responds poorly to standard
chemotherapy, demonstrated a response to avelumab.

Checkpoint inhibitors and chemotherapy
There have been several reported trials (with additional trials underway) eval-
uating immune checkpoint inhibitors in combination with chemotherapy,
radiotherapy, and/or other targeted therapies. The rationale for combination
with chemotherapy is related to its potential to activate the immune system by
causing tumor cell death and thereby releasing neoantigens [56]. Also, the
expression of PD-L1 can be induced by chemotherapy, priming the tumor
microenvironment for checkpoint inhibition [57]. Building on the results noted
above for avelumab, the interim results for the phase III JAVELIN Ovarian 200
trial have been presented [58]. In this study patients with platinum-resistant or
refractory ovarian cancer were randomized to one of three arms: avelumab
alone, avelumab in combination with pegylated liposomal doxorubicin
(PLD), or PLD alone. Although clinical activity was demonstrated with the
combination of avelumab plus PLD, PFS and OS were not significantly im-
proved compared with PLD alone: ORR 3.7% (95% CI 1.5–7.5) for avelumab,
13.3% (95% CI 8.8–19.0) for avelumab plus PLD, and 4.2% (95% CI 1.8–8.1)
for PLD. However, in a planned sub-group analysis, patients with PD-L1-
positive cancers did derive benefit from avelumab plus PLD: ORR 18.5%
(95% CI 11.1–27.9) in the PD-L1-positive group compared with 3.4% (95%
CI 0.4–11.9) for the PD-L1-negative group. Rates of grade 3 or higher TRAEs
were high with 49.7%, 68.7%, and 59.3% of patients in each group, respective-
ly. Liao et al. reported their interim results from a phase I/II trial evaluating
pembrolizumabwith low-dose carboplatin in patients with recurrent platinum-
resistant ovarian, fallopian tube, and primary peritoneal cancer [59]. The com-
bination was well tolerated and showed activity in heavily pretreated platinum-
resistant advanced ovarian cancers: ORR was 13.0% (95% CI, 2.7–33.6), me-
dian PFS was 4.6 months (95% CI, 2.7–6.2). The most common TRAEs were
lymphopenia (18%) and anemia (9%). Finally, the international IMagyn050/
GOG 3015/ENGOT-OV39 trial recently completed accrual [60]. This phase III
study enrolled patients with advanced ovarian cancers both in a neoadjuvant
and adjuvant setting, randomizing them to atezolizumab versus placebo along
with paclitaxel, carboplatin, and bevacizumab. Results are forthcoming.

Checkpoint inhibitors and PARP inhibitors
The combination of PARP and checkpoint inhibitors has been an area of
study in ovarian cancer in part because tumors with homologous recombi-
nation deficiencies (HRD) have been shown to have increased expression of
PD-1 [61]. PD-1 expression was recently noted in 30% of a cohort of patients
with ovarian cancer and BRCA mutations, with a higher rate in BRCA1
carriers compared with BRCA2 carriers (50% vs 13%) [62]. PD-L1 expression
was also observed in 67% of patients in the same cohort. Similarly, BRCA1
carriers also had higher rates of expression compared with BRCA2 carriers
(93% vs 44%).
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Clinical experience combining PARP and immune checkpoint inhibitors has
been promising. The TOPACIO/KEYNOTE-162 trial investigated the combina-
tion of niraparib with pembrolizumab [63]. The ORR was 18% (90% CI, 11–
29) with a disease control rate of 65% (90% CI, 54–75) including 3 (5%)
confirmed complete responses. Importantly, response rates were similar across
subgroups: sensitivity to platinum-based chemotherapy, prior bevacizumab, or
tumor BRCA or HRD biomarker status. Lastly, the ATHENA trial is an on-going,
phase III double-blind trial randomizing patients with advanced ovarian cancer
following primary therapy (including both neoadjuvant and adjuvant settings)
to one of four arms: rucaparib plus nivolumab, rucaparib plus placebo,
nivolumab plus placebo, or placebo only [64].

Conclusions

Lynch syndrome–associated gynecologic cancers are clear candidates for im-
mune checkpoint inhibitor therapy. Our emerging understanding of the
costimulatory and coinhibitory signals of the local tumor microenvironment
will continue to shape treatment options for our patients. Additional work
seeking effective biomarkers for response as well as new classification systems
of disease will allow us to bring these powerful therapies to the right patients at
the right time.
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