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Purpose of review
Over the past decade, the treatment of patients diagnosed with endometrial cancer (EC) shifted away from
the use of chemotherapy to more novel targeted therapy and immunotherapy approaches.

Recent findings

The Cancer Genome Atlas data demonstrated different subgroups within ECs, more specifically, it
facilitated the identification of predictive biomarkers. In particular, immunotherapies (immuno-oncology
(I0)) are active either as monotherapy or in combination with other agents, depending on the biomarker
profile of the tumor.

Summary

In May 2017, pembrolizumab was approved for patients with microsatellite instability high (MSI-H) EC.
More recently, this approval was extended for patients harvesting tumors with a high tumor mutational
burden status. Furthermore, in July 2021, the combination of pembrolizumab and lenvatinib was approved
for patients who do not exhibit MSI-H disease. Given the wealth of targets in EC and different targetable
mutations, the challenge will be to choose the proper treatment and the proper sequencing to derive the
best outcome in the firstline sefting and improve outcomes in subsequent settings. This review summarizes
the current indications of immunotherapy for the treatment of advanced and recurrent EC. We outline the

role of testing for uterine cancer and its implication in therapy management. Finally, we address new
concepts for immunotherapy combinations with other therapies.
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INTRODUCTION

Endometrial cancer (EC) is the most common gyne-
cological cancer and mainly affects postmenopausal
women. In the United States, there will be approxi-
mately 66,570 new cases of uterine cancer and
12,940 uterine cancer-related deaths in 2021 [1].
The S-year survival rates for tumor limited to the
uterus, tumor with regional spread, and distant
metastasis is 95%, 69%, and 17%, respectively [2].
Given the fact that 70% of women are diagnosed
at the stage of localized disease, staging surgery,
including total hysterectomy and the evaluation
of pelvic and para-aortic lymph nodes, represents
the gold standard for first-line therapy. Factors such
as advanced age, deep invasion, grade 3 tumor, and
lymph-vascular space invasion have become evi-
dence-based parameters assessing the risk of recur-
rence and help guide the adjuvant treatment of
high-risk patients [3]. However, a systematic review
reported an overall recurrence risk of 13% for all
patients and 3% for patients at low risk [4].
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Especially in the low-risk cases, there has been
increased interest in identifying the molecular pat-
terns of tumors that predict disease recurrence. Pre-
vious studies investigated different molecular
biomarkers, such as estrogen regulation genes,
DNA ploidy, mismatch repair deficiency (MMR),
and homologous recombination deficiency [5-7].
None of these markers have been adopted into
clinical practice. Therefore, the identification of
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KEY POINTS

e Pembrolizumab and lenvatinib were approved for
patients who do not exhibit MSI-H disease, extending
the indication for immunotherapy in recurrent
endometrial cancer.

e Several frials are investigating the efficacy of
immunotherapy combined with chemotherapy in
frontline settings.

o Future challenges for both frontline and recurrent
endometrial cancer will be to choose the proper
sequencing of chemotherapy, immunotherapy and
other targeted agents.

predictive markers for recurrent low-risk EC patients
remains an unmet need.

Recently, the therapeutic landscape of recur-
rent EC expanded from a combination of platinum-
and taxane-based chemotherapy to immune
checkpoints inhibitors in second line and subse-
quent settings (Fig. 1) [8"%,9%,10]. This was based on
distinctive genomic features, which involves
defects in mismatch repair genes, leading to micro-
satellite instability (MSI) as well as frequent muta-
tions in PTEN, CTNNB1, PIK3CA, ARID1A, and
KRAS [11].

TEXT OF THE REVIEW

The immune landscape of endometrial cancer

During replication, DNA damage can be induced by
both exogenous or endogenous factors, which will
lead to the accumulation of either single-strand or
double-strand breaks. These events will subse-
quently activate several DNA repair pathways
throughout the cell-cycle [12]. The MMR pathway
is activated during the S/G2 phase and is responsible
for repairing single-strand breaks (SSB) using key
proteins such as MSH2, MLH1, PMS2 or MSH6
[13]. Repairs occur in two steps, one involving
MSH2/MSH6 heterodimers that bind to the initial
DNA mismatched base errors followed by the exci-
sion and synthesis of corrected DNA chains at the
mismatch site performed by MLH1/PMS2 hetero-
dimers [14].

Based on the expression levels and functions of
these proteins, a normal status refers to proficient
MMR (pMMR), whereas decreased expression or
dystunctionality, including epigenetic silencing of
MHL-1, results in deficient MMR (dAMMR). Inactiva-
tion of any one of the MMR genes may result in DNA
errors, such as base-base mismatches, insertions and
deletions in repeated sequences, which may gener-
ate MSI [11]. Historically, even though the MSI
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FIGURE 1. Treatment landscape in EC. *High risk EC. EC, endometrial cancer.
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phenotype was recognized in EC cases, its value
gained traction during the past 7 years following
publications presenting the genomic characteriza-
tion of EC [11,15]. In this analysis of 373 tumors
using genomic, transcriptomic and proteomic stud-
ies, EC was classified into four molecular distinct
entities, including ultra-mutated, hypermutated,
copy-number low and copy number high. Interest-
ingly, sequencing of the hypermutated group of
tumors demonstrated decreased MLHI mRNA
expression due to promoter methylation, therefore
showing a high frequency of MSI in this group. The
other groups of ultra-mutated and copy-number low
groups, were generally classified as microsatellite
instability stable (MSS) tumors.

A subgroup of MSI phenotype tumors consists of
patients with Lynch syndrome, an autosomal domi-
nant inherited tumor predisposition. This is charac-
terized by a germline mutation in the MMR genes,
accounting for a 2-5% frequency among EC
patients [16]. Previous studies suggest that a signifi-
cant percentage of women diagnosed with Lynch
syndrome will present with EC as their initial cancer
diagnosis [17]. Considering the high lifetime risk of
developing other cancers, such as colorectal, ovar-
ian, pancreatic and ureteral for women diagnosed
with Lynch syndrome, regular testing for dAMMR is
indicated in EC patients as suggested by current
guidelines [18,19]. Furthermore, these patients are
given the opportunity for prevention through pro-
phylactic salpingo-oophorectomy or screening for
other cancers [20,21].

Beyond the dAMMR/MSI signature, the biology
of EC is characterized by a high mutational burden
(Table 1). Using exome sequence analysis, The
Cancer Genome Atlas (TCGA) identified a different
tumor mutation burden (TMB) in the 4 molecular
subtypes, including 232 x10~° mutations per Meg-
abase (Mb) in the ultra-mutated group, 18 x 10~°
mutations per Mb in the hypermutated group, 2.9
x 10~° mutations per Mb in the copy number low
group and 2.3 x 10~ ° mutations per Mb in the copy
number high group. The high mutational load will
generate changes in proteins and build neoanti-
gens [22].

Altogether, the addition of the molecular char-
acterization of EC using dAMMR/MSI/TMB status to
the histologic subtypes-based approach led to a
better understanding of clinical outcomes based
on the biology of EC and demonstrated that EC is
a highly immunogenic tumor type. Considering
these findings, several Food and Drug Administra-
tion (FDA) biomarker driven approvals for immuno-
therapy for the treatment of advanced and recurrent
EC occurred over the last 4 years.

30 WWW.CO-0bgyn.com

Table 1. A list of molecular alterations and their
frequencies for endometrial cancers types [11]

Gene Prevalence in Prevalence in
alteration type 1 (%)™ type 1l (%)
PTEN 77.7 N/A
PIK3CA 53.1 41.9
PIK3R1 37.1 N/A
CTNNB1* 36.6 N/A
ARIDTA 354 7
KRAS 24.6 N/A
CTCF 20.6 N/A
RPL22 12.6 N/A
TP53** 11.4 90.7
FGFR2 10.9 7
ARID5B 10.9 N/A
ATR 6.9 N/A
CCNDI1 57 N/A
MML4 9.1 N/A
BCOR 8 N/A
SPOP 57 7
SIN3A 57 N/A
MKI167 57 N/A
FBXW7 5.1 30.2
FOXA2 5.1 N/A
NRAS 2.9 N/A
PPP2RTA N/A 27.9
CH4 N/A 16.3
CSMD3 N/A 11.6
COLT1A1 N/A 11.6
PRPF18 N/A 7
CDH19 N/A 7
FOXA2 N/A 4.6
USP36 N/A 4.6

Molecular testing: deficient mismatch repair/
microsatellite instability signature and
beyond

In contrast to BRCA1/2 testing in patients with
ovarian cancer where the testing in performed in
front-line setting for both germline and somatic
mutations, the evaluation of MMR genes in newly
diagnosed EC patients is performed regularly using
tumor tissues, therefore assessing the exclusively of
somatic mutations in the MSH2, MLH1, PMS2 or
MSH6 genes. An absence of any proteins involved
in the MMR pathway, as determined by immuno-
histochemistry, will further offer support for genetic
counseling and germline testing to confirm or
exclude the diagnosis of Lynch syndrome. Consid-
ering that MLH1 protein loss commonly occurs due

Volume 34 e Number 1 e February 2022

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



Changing treatments paradigms Chelariu-Raicu et al.

to MLH-1 hypermethylation, immunohistochemis-
try is usually followed by the assessment of MLH-1
promoter methylation before initiating germline
testing [23].

Although information on protein expression
obtained from the immunohistochemistry assays
can indirectly facilitate the assessment of a MSI-H
score, that is defined by the loss of two MMR pro-
teins, additional molecular biology techniques,
such as the polymerase chain reaction (PCR), are
routinely employed for the direct assessment of MSI
through the evaluation of five independent primary
microsatellite loci, including Bat-25, Bat-26,
D2S123, D5S346 and D17S250 [24]. Tumors are
defined as MSI-H when at least two of the five
microsatellite loci are abnormal [25]. Previous stud-
ies investigating the detection rate of MSI compared
immunohistochemistry or PCR alone vs performing
both techniques together to reveal a 100% detection
rate when both assays were used [26].

Furthermore, two different studies demon-
strated the accuracy of detecting the MSI phenotype
using a sequencing panel based on mutational phe-
notype [27,28]. Another advantage of tumor
sequencing is the evaluation of TMB. This is espe-
cially important since TMB itself has been recently
approved as predictive biomarker for selecting
patients for immunotherapy [9"]. Given the com-
plete molecular profile of the tumor provided by
sequencing, including predictive biomarkers such as
dMMR/MSI and TMB for therapy guidance, this
single test demonstrates several clinical advantages.
However, few, newly diagnosed EC patients will be
provided with such an extensive molecular diagno-
sis, especially given the costs of sequencing. There-
fore, immunohistochemistry and PCR remain
reliable gold standard assays currently used in
front-line setting, whereas tumor sequencing is per-
formed in advanced or recurrent setting. A summary
of the testing techniques along with their limita-
tions is summarized in Table 2.

Clinical development of 10 in microsatellite
instability-high cancers

Since the dramatic increase in both PES and overall
survival (OS) after immune checkpoints inhibitors
in melanoma and nonsmall lung cell cancer, clinical
research in the field of immunotherapy experienced
exponential growth. However, the immunogenic
potential across different cancer subtypes is driven
by several mechanisms, such as mutations, mis-
matches and viral infections, which are all distin-
guished based on the level of neoantigen load
necessary for activating the immune response.
Besides a consistent response to therapy for
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Table 2. Summary of assessments for molecular
biomarkers in EC

Biomarker Tumor Assay
material
MMR Protein Immunohistochemistry on FFPE
MSH2
MLH1
PMS2
MSH6
MSI DNA 1. Immunohistochemistry
on FFPE
MLHT methylation 2. PCR
TMB DNA Targeted DNA sequencing panel

EC, endometrial cancer; FFPE, Formalin-Fixed Paraffin-Embedded; MMR,
mismatch repair; MSI, microsatellite instability ; PCR, polymerase chain
reaction; TMB, tumor mutational burden.

melanoma and lung cancer due to their high muta-
tion rate secondary to ultraviolet (UV) light and
tobacco smoke exposure, the dMMR signature
showed a significant correlation with PD-1 blockade
response and subsequently led to several FDA appro-
vals for cancers with dAMMR (Fig. 2) [29-31].

Keynote-016, a phase 2 trial that investigated
pembrolizumab in the treatment of tumors with
dMMR or pMMR, was the first clinical study testing
the hypothesis that AMMR tumors present higher
susceptibility to PD-1 blockade than the proficient
group [32]. Despite the small sample size of patients
(n=16) enrolled in this study, the immune-related
objective response rate (ORR) of 40% vs 0% and the
immune-related PFS of 78% vs 11% was impressive
when comparing the dAMMR vs the pMMR cohorts.
The observations of KEYNOTE-016 led to an
extended assessment of MMR deficiency as a predic-
tive biomarker in a larger cohort of patients across
12 different tumor types. Interestingly, in this study,
colorectal cancer MSI-H patients demonstrated a
similar ORR as noncolorectal patients with MSI-H
as shown by 52% (95% CI, 36-68%) and 54% (95%
CI, 39-69%), respectively [31].

In light of these findings as well as clinical
results from 149 patients diagnosed with MSI-H
cancer enrolled in five uncontrolled, multicohort,
multicenter, single-arm clinical trials, in 2017, the
FDA granted the first accelerated approval of pem-
brolizumab for the treatment of different cancers,
including EC [8%%,33-35]. Preliminary data in the
2017 FDA approval included an open-label, phase 11
KEYNOTE-158 multicohort study of pembrolizu-
mab. This trial was performed in 233 patients who
had previously treated, advanced noncolorectal
MSI-H tumors, totaling 27 different histologies,
was reported in its final form in 2019 [9"]. Key
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FIGURE 2. FDA approvals summary for IO based on MSI and TMB status in solid tumors. *KEYNOTE-16; “*KEYNOTE-158;
#* KEYNOTE-146; § CheckMate142. EC, endometrial cancer; MSI, microsatellite instability; TMB, tumor mutational burden.

findings of this trial included an overall response
rate (ORR) of 34.3%, with approximately one-third
of patients demonstrating a complete response. Fur-
thermore, the median duration of the response was
not reached when the manuscript was published,
but the extent of response anticipated by the
authors was a PES exceeding 24 months. Interest-
ingly in the subset of 49 patients with MSI-H EC, the
ORR was 57% and median PFS was 24.7 months.
These data are impressive with durable efficacy that
support testing immunotherapy alone in the first-
line setting in MSI-H subset. Further, another
immune checkpoint inhibitor, anti-PD1 dostarli-
mab was investigated in 104 MSI-H recurrent EC,
the ORR was 42%. The responses were durable [36"].
These data led to FDA approval of dostarlimab in
MSI-H EC in April 22, 2021.

In addition, a second analysis of the trial was to
explore the association of TMB with clinical out-
comes of patients receiving pembrolizumab mono-
therapy. These results revealed an ORR of 30.3%
(95% CI, 21.5-40.4) in the tTMB-high group
(n=99), an ORR of 27.1% (95% CI, 18.0-37.8) in
the tTMB-high group excluding MSI-H (n=85) and
an ORR of 6.7% (95% CI, 4.9-9.0) in the tTMB-low
(n=652) [9%]. However, results on PFS and OS in the
TMB-high and TMB-low groups were difficult to
interpret due to numerous baseline variables influ-
encing long-term prognosis, including prior therapy
and prevalence of tumor types. Surprisingly, when
limiting the analysis to the TMB high, non MSI-H
patient cohort, the response rate was still 4-fold
more than the response rate observed for the
tTMB-low group, (27.1% vs 6.7%, respectively).
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Furthermore, this observation supports prior
knowledge that less than 20% of cases with high
TMB are MSI-H, supporting the value of TMB as a
predictive biomarker [22]. In April 2020, the FDA
extended the approval of pembrolizumab for the
treatment of adult and pediatric patients with unre-
sectable or metastatic solid tumors and tumors with
high mutational burden (TMB-H; >10mutations/
Mb). In contrast to the 2017 FDA approval of pem-
brolizumab in MSI-H tumors with no approved
companion test for MSI testing, the recent FDA
approval added the FoundationOneCDx assay as a
companion diagnostic for pembrolizumab to iden-
tify patients with TMB high solid tumors who may
benefit from immunotherapy.

Clinical development of 10 in microsatellite
instability stable endometrial cancer cancers

Despite 30% of EC cases presenting the MSI-H phe-
notype, which represents the highest frequency
among all cancer subtypes, the other 70% of EC
are microsatellite-stable and have limited treatment
options in the recurrent setting [37]. More specifi-
cally, the ORR reported by previous clinical studies
evaluating the treatment with antiangiogenic
agents or palliative chemotherapy in advanced
and recurrent EC accounts for only 14-16% of
patients [38]. Taken together, this led to the initia-
tion of a phase 2 KEYNOTE-146 multicenter, open-
label, single-arm study that investigated the combi-
nation of pembrolizumab with lenvatinib, a multi-
kinase inhibitor against VEGFR1, VEGFR2 and
VEGFR3 in patients with advanced EC, irrespective
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Table 3. FDA approvals for IO treatment in patients with recurrent endometrial cancer

Drug Indication

Year

Pembrolizumab plus lenvatinib

Treatment of adult patients with advanced endometrial cancer who have

July 21, 2021

disease progression following prior systemic therapy who are not
candidates for curative surgery or radiation and who have disease that is
not microsatellite instability-high (MSI-H) or mismatch repair deficient

(dMMR).

Dostarlimab

Treatment of adult patients with mismatch repair deficient (dMMR) recurrent

April 22, 2021

or advanced endometrial cancer, as determined by an FDA-approved
test, that has progressed on or following a prior platinum-containing

regimen.
Pembrolizumab

Treatment of adult and pediatric patients with unresectable or metastatic

April 7, 2020

solid tumors with tissue tumor mutational burden-high (TMB-H) who have
progressed following prior treatment and who have no satisfactory

alternative treatment options.

Pembrolizumab plus lenvatinib

Pembrolizumab plus lenvatinib - Treatment of adult patients with advanced

Sep 17, 2019

endometrial cancer who have disease progression following prior
systemic therapy who are not candidates for curative surgery or radiation
and who have disease that is not microsatellite instability-high (MSI-H) or
mismatch repair deficient (IMMR).

Pembrolizumab

Treatment of adult and pediatric patients with unresectable or metastatic

May 23, 2017

solid tumors that have been identified as having a biomarker referred to
as microsatellite instability-high (MSI-H) or mismatch repair deficient
(dMMR) who have progressed following prior treatment and who have
no satisfactory alternative treatment options- multiple studies

of MSI status [39]. Preliminary ORR analysis of 54
patients after a median follow-up of 13.3 months
demonstrated an HR of 39.6% (95% CI, 26.5-54.0).
These findings supported a third FDA approval of 10
in combination with lenvatinib, which is the only
approval specific for EC besides the FDA approvals
for pembrolizumab in patients with advanced EC
tumors harboring MSI-H and TMB (Table 3).
Recently, a confirmatory phase III of the KEY-
NOTE-775 trial was reported at the annual SGO
2021 meeting. The study included 827 patients with
advanced metastatic or recurrent EC after progres-
sion on one prior platinum-based regimen. The
study showed that pembrolizumab/lenvatinib sig-
nificantly improved OS, PFS and objective response
compared to single-agent chemotherapy (physician
choice of Adriamycin or weekly paclitaxel). Median
PFS was 7.2months vs 3.8 months (HR 0.56,
P <0.0001) and median OS was 18.3 vs 11.4 months
(HR 0.63, P<0.0001). The ORR was 31.9% with
pembrolizumab/lenvatinib compared to 14.7% with
physician choice chemotherapy. Based on these
data, in July 21, 2021 the FDA granted regular
approval for pembrolizumab in combination with
lenvatinib for patients with advanced endometrial
carcinoma that is not MSI-high (MSI-H) or mis-
match repair deficient (AMMR), who have disease
progression following prior systemic therapy in any
setting and are not candidates for curative surgery
or radiation.

1040-872X Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Clinical data from two different trials investigat-
ing avelumab and durvalumab in recurrent EC set-
ting for all comers were reported over the last 2 years
(Table 4). Konstantinopoulos et al. evaluated the PD-
L1 inhibitor, avelumab, in 33 patients irrespective of
MSI status [40]. Overall, there were five confirmed
responders, four in the dAMMR group and only one in
the pMMR group, who were still receiving therapy at
the cutoff date. However, despite showing antitu-
mor efficacy, the insufficient clinical benefit among
the pMMR cohort does not support additional eval-
uation. Lastly, preliminary results from the PHAE-
DRA study evaluated the activity of durvalumab in a
single-arm phase II trial using a cohort of recurrent
EC. The ORR was 40% in the dMMR population,
showing 4 CR and 10 PR, whereas only one patient
showed a response in the pMMR population, with
an ORR of 3% [41].

Novel combination immunotherapy
approaches

Given MSI-H EC is highly immunogenic tumor,
further efforts are warranted to investigate the role
and clinical efficacy of other immune checkpoint
inhibitors along with anti-PD1/PDL1. Common tar-
gets to be tested in combination with anti-PD1/
PDL1 therapy are anti-CTL4 and anti-LAG3 thera-
pies. Utilizing TCGA data of EC, patients with EC
with POLE mutated or MMRd tumors are
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Table 4. Immunotherapy trials Phase I/11 in recurrent endometrial cancer

ORR ORR ORR
Study MSI status Prior therapy Experim arm ITT MSI_H MSS
GARNET /1l All comers <2 prior lines Dostarlimab 29.6% 48.8% 20.3%
Oaknin et al. (21.8%-38.4%) (32.9% to 64.9%) (12.0%-30.8%)
KEYNOTE-146 Ib/Il All comers <2 prior lines Pembrolizumab 38% 63.6% 36.2%
Makker et al. Lenvatinib (28.8%-47.8%) (30.8%-89.1%) (26.5%-46.7%)
KEYNOTE-158 I MSIH No limit Pembrolizumab ~ N/A 57.1%
Marabelle et al. (42.2%-71.2%)
Phase Il All comers No limit Avelumab N/A 27% 6%
Konstantinopoulos (7.8%— 55.1%) (0.16% to 30.2%)
et al.
PHAEDRA Il All comers <3 prior lines Durvalumab N/A 43% 3%
Mirelli et al. (26%-56%) (1%-14%)

MSI-H, microsatellite instability high; ORR, objective response rate.

Table 5. Immunotherapy trials in first line metastatic or recurrent endometrial cancer

Study Design/Description

GOG-3031/RUBY
NCT03981796

A Phase 3, Randomized, Double-blind, Multicenter Study of Dostarlimab (TSR-042) Plus
Carboplatin-paclitaxel vs Placebo Plus Carboplatin-paclitaxel in Patients with Recurrent or

Primary Advanced Endometrial Cancer

GOG-3041/DUO-E
NCT04269200

A Randomized, Multicenter, Double-blind, Placebo-controlled, Phase Il Study of Firstline
Carboplatin and Paclitaxel in Combination With Durvalumab, Followed by Maintenance

Durvalumab With or Without Olaparib in Patients With Newly Diagnosed Advanced or
Recurrent Endometrial Cancer

LEAP -001
NCT04865289
Attend
NCT03603184
NRG-GY-018
NCT03914612

Pembrolizumab (MK-3475) Plus Lenvatinib (E7080/MK-7902) vs Chemotherapy for Endometrial
Carcinoma (ENGOT-en?/MK-7902-001)

Phase Ill Double-blind Randomized Placebo Controlled Trial of Atezolizumab in Combination
With Paclitaxel and Carboplatin in Women With Advanced/Recurrent Endometrial Cancer

Testing the Addition of the Immunotherapy Drug Pembrolizumab to the Usual Chemotherapy
Treatment (Paclitaxel and Carboplatin) in Stages IlI-1V or Recurrent Endometrial Cancer

characterized by up-regulation of PD1 and CTLA4
compared to patients with proficient MMR. Similar
findings were noted for LAG3 [42].

Combination of immunotherapy with
chemotherapy in first-line setting

Given the encouraging activity of immunotherapy-
based therapies in second-line settings, currently
there are several phase III trials investigating the
efficacy of immunotherapy combined with chemo-
therapy or pembrolizumab/lenvatinib compared to
chemotherapy alone in first line advanced stage
metastatic or recurrent EC (Table 5). The results of
these trials will be important to direct future care of
patients with EC both in first line and second-
line settings.

34 WWW.CO-0bgyn.com

CONCLUSION

These data support the role of immunotherapy in EC.
Future trials are warranted to test the efficacy of immu-
notherapy alone in first line MSI-H EC as well as combi-
nation immunotherapy. Further, studies to understand
mechanism of resistance and approaches to overcome
resistance to immunotherapy in these cancers.
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