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Abstract

The introduction of immune checkpoint inhibitors (ICls) has revolutionized the treatment landscape for numerous
tumor types, including cervical and endometrial cancers. Multiple ICls against programmed cell death-1 (PD-1),
programmed death-ligand 1 (PD-L1), and cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) have
demonstrated encouraging outcomes in controlled clinical studies for advanced cervical and endometrial cancers.
For advanced cervical cancer, approved ICls as second-line treatment include cemiplimab, nivolumab, and
pembrolizumab as single agents. In the first-line treatment setting, options include pembrolizumab alone or in
combination with bevacizumab, as well as atezolizumab combined with a backbone platinum-based chemotherapy
plus bevacizumab. Additionally, for locally advanced cervical cancer, pembrolizumab is recommended alongside
concurrent chemoradiotherapy. For endometrial cancer, pembrolizumab monotherapy, pembrolizumab in
combination with lenvatinib, and dostarlimab are currently approved as second-line treatment options. Moreover,
either dostarlimab or pembrolizumab can be added to first-line platinum-based chemotherapy for mismatch repair
deficient malignancies. Although the inclusion of these agents in clinical practice has led to improved overall
response rates and survival outcomes, many patients still lack benefits, possibly due to multiple intrinsic and
adaptive resistance mechanisms to immunotherapy. This review aims to highlight the rationale for utilizing ICls and
their current role, while also delineating the proposed mechanisms of resistance to ICls in cervical and endometrial
cancer.
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INTRODUCTION

Recently, immunotherapy has drastically transformed the management of many solid and hematologic
malignancies" . immune checkpoint inhibitors (ICIs) function by blocking inhibitory signals in immune
cells that are mediated by the programmed cell death-1 (PD-1), its ligand [programmed death-ligand 1
(PD-L1)], and the cytotoxic T cell lymphocyte-associated antigen 4 (CTLA-4), which typically hinder

6-8]

antitumor immunity when activated, aiming to reinstate the antitumor activity of immune cells!

In 2017, pembrolizumab was approved as the first tumor-agnostic, histology-independent treatment for
second-line therapy of microsatellite instability-high (MSI-H)/mismatch repair deficient (AMMR)
malignancies”. In this phase II study involving 86 patients with advanced MSI-H/dMMR solid tumors, 21%
experienced a complete response (CR), reaching an objective response rate (ORR) of 53%. Notably, the 15
patients with endometrial cancer (EC) included in this trial presented similar outcomes to those of the
overall trial population. Then, in 2020, the phase II KEYNOTE-158 study confirmed the approval of
pembrolizumab for non-colorectal MSI-H/dMMR tumors"”. Among the 27 tumor types evaluated in this
trial, EC had the highest ORR at 57.1%. These results led to subsequent studies further evaluating the role of
ICIs in multiple cancer types, including cervical cancer (CC) and EC.

This review aims to highlight the rationale for employing ICIs and their current role, as well as to describe
the proposed mechanisms of resistance to ICIs in CC and EC.

CERVICAL CANCER

Rationale for ICls

CC ranks as the fourth most commonly diagnosed cancer globally and is the fourth leading cause of cancer-
related mortality among women'". In resource-constrained settings, the burden of CC is higher, where
access to screening and treatment is limited"". Despite being among the most preventable cancers, CC still
causes a substantial number of cancer deaths in women because of the ineffective treatment options
available for women with locally advanced and metastatic CC"”. CC is primarily attributable to infection by
the human papillomavirus (HPV), with approximately 70% of cases related to the high-risk genotypes 16
and 18", The primary carcinogenic mechanism after HPV infection involves the incorporation of essential
HPV oncoproteins (E6 and E7) into the human genome. E6 leads to the inhibition of p53, blocking
apoptosis, while E7 inhibits the retinoblastoma tumor suppression protein, leading to cell cycle arrest
Furthermore, somatic mutations of the host genome and DNA methylation associated with HPV infection
leading to a high mutational tumor burden (TMB) have also been described as an essential aspect of CC
oncogenesis'*'*. Finally, approximately 88% of locally advanced CC are PD-L1-positive with a cut-off value
of 2 1% as assessed by immunohistochemistry on tumor cells, and 96% of cases exhibit some degree of PD-

[14]

L1 staining (> 0% positive staining within the tumor)". These mechanisms provide rationale regarding the
immunogenicity of CC and suggest the potential role of ICIs in this gynecological malignancy.

Advanced cervical cancer

Second-line setting

Several trials have demonstrated encouraging activity and survival benefits with the employment of ICIs for
advanced and/or recurrent CC, leading to the inclusion of these agents in clinical practice guidelines and
approval for their use by international regulatory agencies [Figure 1].

The phase II KEYNOTE-158 study assessed the activity of pembrolizumab across multiple cancers,
including 98 patients with previously treated advanced CC (Cohort E)"*. After a median follow-up period
of 36.9 months, the ORR was 14.3%, and all patients had a PD-L1 combined positive score (CPS) score = 1.



Martinez-Cannon et al. Cancer Drug Resist 2024;7:23 | https://dx.doi.org/10.20517/cdr.2023.120 Page 3 of 17

2nd |ine setting
KEYNOTE 158 - Cohort E*

(Pembrolizumab monotherapy) 1

11

1

8.5
EMPOWER i 1
(Cemiplimab monotherapy) 2.8
CheckMate 358 21.9
v T — 2.

1st line setting

- 16.5
KEYNOTE 826* . 28.6
(Pembrolizumab + ChT +/- BV) 10.5
10.4 228
BEATcc = 321
(Atezolizumab + ChT + BV) 13.7
0 5 10 15 20 25 30 35
Months

OS control arm & PFS control arm M OS experimental arm M PFS experimental arm

*PD-L1 > 1 population
BV: i b, ChT: Ct

Figure 1. Overall and progression-free survival for ICl alone or plus chemotherapy for the treatment of advanced/recurrent CC. ICl:
Immune checkpoint inhibitor; CC: cervical cancer.

The entire study population’s median progression-free survival (PFS) and median overall survival (OS) were
2.1 and 9.3 months, respectively™'..

In the randomized phase III EMPOWER-Cervical 1/GOG-3016/ENGOT-cx9 trial, 608 women with
metastatic CC that had progressed following platinum-based chemotherapy were randomized to receive
either cemiplimab monotherapy or chemotherapy selected by the investigator”. The study achieved its
primary endpoint, showing a median OS of 12 months for the cemiplimab group compared to 8.5 months
for the standard of care arm [hazard ratio (HR) 0.69; 95% confidence interval (CI) 0.56-0.84; P < 0.001]. This
survival benefit was observed independently of the histological subtype and PD-L1 status. The ORR (16.4%
compared to 6.3%; P < 0.001) and the median PFS (2.8 months compared to 2.9 months; HR 0.75; 95%CI
0.63-0.89; P < 0.001) were also improved with cemiplimab. Moreover, patients with PD-L1 2 1% who
received cemiplimab demonstrated longer OS and higher ORR. Overall, adverse events (AEs) grade 2 3 were
observed in 45% of the patients in the cemiplimab group and 53.4% of those in the control group, with a
lower frequency of grade 2 3 anemia (12% vs. 27%) and grade 2 3 neutropenia (1% vs. 9%) in patients treated
with immunotherapy. These results led to the approval of cemiplimab for the treatment of CC by the
European Medicines Agency (EMA).

The phase I/II trial CheckMate 358 explored the efficacy of nivolumab alone and in combination with
ipilimumab in treating virus-associated cancers, including patients with recurrent/metastatic CC (< 2 prior
lines of systemic therapy)®. Patients were randomized to receive either nivolumab 240 mg every two weeks,
nivolumab 3 mg/kg every two weeks and ipilimumab 1 mg/kg every six weeks (N3+I1), or nivolumab
1 mg/kg and ipilimumab 3 mg/kg every three weeks for four cycles, followed by nivolumab 240 mg every
two weeks for two years (N1+I3), or until disease progression, unacceptable side effects, or withdrawal of
consent”. ORR was 26% for nivolumab monotherapy, 31% for N3+I1, and 40% for N1+I3, irrespective of
PD-L1 status. The DOR was not reached with nivolumab monotherapy, 24.4 months with the N3+I1
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regimen, and 34.1 months with the N1+I3 regimen. Median OS was 21.6, 15.2, and 24.7 months,
respectively. The frequency of grade 2 3 immune-mediated AEs was < 6% for nivolumab monotherapy, < 7%
for N3+I1, and < 6% (except for hepatitis 16%) for N1+I3. These findings indicated that chemotherapy-free
treatment regimens with nivolumab, either alone or combined with ipilimumab, provided sustained
responses with manageable AEs in patients™.

A phase II trial, conducted in an open-label manner, evaluated the efficacy of a combination therapy
consisting of balstilimab (an anti-PD1 agent) and zalifrelimab (an anti-CTLA-4 agent) as second-line
treatment for women with advanced CC*?. Among 125 women with measurable disease, ten patients
achieved complete responses and 22 partial responses, reaching an ORR of 25.6%, with 64.2% of patients
sustaining a response at 12 months. Among women with tumors showing PD-L1 expression, the ORR
reached 32.8%, while 9.1% for those lacking PD-L1 expression. The predominant AEs were low-grade
(G1-2), including hypothyroidism, diarrhea, fatigue, and nausea. The overall incidence of (G 2 3) AEs was
20%. Therefore, this combination proved to be a promising regimen with enduring clinical activity and
manageable toxicity in women with advanced CC.

First-line setting

The phase IIT trial KEYNOTE-826, a randomized, placebo-controlled study, investigated the incorporation
of pembrolizumab into platinum-based chemotherapy, with or without bevacizumab, as first-line treatment
in 617 women with persistent, recurrent, or metastatic CC*”. The study demonstrated that adding
pembrolizumab improved PES and OS, its dual primary endpoints. In the intention-to-treat analysis, the
pembrolizumab group showed a median PFS of 10.4 months compared to 8.2 months in the placebo group
(HR 0.61; 95%CI 0.50-0.74; P < 0.001), and a median OS of 26.4 months compared to 26.8 months in the
placebo group (HR 0.63; 95%CI 0.52-0.77; P < 0.001). In patients with PD-L1 positive tumors, the
pembrolizumab arm demonstrated a median PFS of 10.5 months vs. 8.2 months in the placebo arm (HR
0.57; 95%CI 0.47-0.71; P < 0.001) and a median OS of 28.6 months compared to 16.5 months in the placebo
arm (HR 0.60; 95%CI 0.49-0.74; P < 0.001)". All protocol-specified subgroups for PFS and OS, including
age, race, ECOG, PD-L1 status, bevacizumab use, and stage at diagnosis, favored the pembrolizumab group.
Grade 2 3 AEs occurred in 82% of the study population treated with pembrolizumab and 75% in the placebo
group. Among the most common grade = 3 AEs were anemia, affecting 30% in the pembrolizumab group
and 27% in the placebo group, and neutropenia observed in 12% and 10%, respectively. The outcomes of the
KEYNOTE-826 trial demonstrated significant improvements in both PFS and OS by incorporating
pembrolizumab into platinum-based chemotherapy with or without bevacizumab for patients with
advanced CC as first-line treatment, leading to regulatory approval.

Finally, the recently published BEATcc study evaluated adding atezolizumab to platinum-based
chemotherapy and bevacizumab among 410 patients with previously untreated metastatic, persistent, or
recurrent CC*. Patients were randomized to receive standard platinum-based chemotherapy and
bevacizumab with or without atezolizumab. The study showed a PFS of I 13.7 months in the experimental
arm compared to 10.4 months in the standard arm (HR 0.62; 95%CI 0.49-0.78; P < 0.0001). Moreover, the
median OS was 32.1 months in the atezolizumab group vs. 22.8 months in the chemotherapy group (HR
0.68; 95%CI 0.52-0.88; P = 0.0046). Although the incidence of grade =2 3 AEs was similarly high in both
groups, affecting 79% of patients in the atezolizumab group and 75% in the chemotherapy arm, grade < 2
diarrhea, arthralgia, pyrexia, and rash were higher among patients in the atezolizumab group. Thus,
incorporating atezolizumab into standard platinum-based chemotherapy with bevacizumab plus for
metastatic, persistent, or recurrent CC significantly improved PFS and OS and could be another first-line
treatment option.
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Locally advanced cervical cancer

Given the clinically meaningful survival benefit observed with immunotherapy-containing regimens in the
advanced setting, incorporating these agents is currently being investigated in the locally advanced setting.
The efficacy and safety of adding durvalumab during and after concurrent chemoradiotherapy (CCRT) was
evaluated in the phase III randomized CALLA trial among women with locally advanced CC. Initial results
indicated that adding durvalumab to CCRT did not result in a statistically significant improvement in PFS
(HR 0.84; 95%CI 0.65-1.08; P = 0.174) or OS (HR 0.78; 95%CI 0.65-1.10; P = 0.156) compared to CCRT
alone™.

The ENGOT-cx11/KEYNOTE-A18 trial investigated the role of adding pembrolizumab concurrently and
following CCRT in 1,060 women with high-risk locally advanced CC and assessed different pembrolizumab
regimens administered concurrently with and following CCRT"". The primary outcomes were PFS and OS.
After a median follow-up of 17.9 months, the 24-month PES rate was 68% in the pembrolizumab-CCRT
arm compared to 57% in the placebo-CCRT arm (HR 0.70; 95%CI 0.55-0.89; P = 0.0020). The 24-month OS
rate was 87% in the pembrolizumab-CCRT arm and 81% in the placebo-CCRT arm (HR 0.73; 95%CI
0.49-1.07). Grade 2 3 AEs were recorded at 75% in the pembrolizumab-CCRT arm and 69% in the placebo-
CCRT arm.

The negative outcome of the CALLA study compared to the positive results of KEYNOTE-A18 may be
attributed to several factors, including patient characteristics, PD-L1 status, sample sizes, and follow-up.
Firstly, 66% of women in the CALLA study had FIGO 2009 III-IVA stage and 74% node-positive disease,
whereas in the KEYNOTE-A18 trial, these proportions were 56% and 84%, respectively. Additionally,
disparities in PD-L1 positivity rates may have contributed. A post hoc subgroup analysis in the CALLA trial
showed that women expressing higher PD-L1 tumor area positivity had a lower risk of progression with
durvalumab treatment. Conversely, KEYNOTE-A18 did not show enrichment in treatment effect based on
PD-L1 positivity. Furthermore, differences in sample sizes and follow-up durations could have played a role.
CALLA had a smaller sample size (n = 770) and longer median follow-up (18.5 months) compared to
KEYNOTE-A18 (n = 1,060, 17.9 months). While cross-trial comparisons should be approached cautiously,
these factors highlight the importance of interpreting results within the context of trial design and
participant demographics.

Finally, the ATOMICC trial, a currently ongoing, randomized, open-label, phase II study, is assessing the
activity of TSR-042 (anti-PD1) as maintenance therapy for women with high-risk locally advanced CC
following CCRT".

ENDOMETRIAL CANCER

Rationale for ICIs

EC is the most frequent gynecologic malignancy""". Almost two-thirds of women diagnosed with EC present
with stage I disease, with 5-year OS rates reaching approximately 95%"". In the advanced setting, standard
first-line chemotherapy provides limited benefit, with a PFS of only 13 months"". EC is classified into four
molecular subtypes: polymerase ¢ (POLE) mutant (ultramutated), MSI-H (hypermutated), copy number
low, and copy number high””. POLE-mutated and MSI-H tumors represent approximately 40% of all EC
cases among these subtypes. They are considered to have high genomic instability and immunogenic
phenotypes, harboring more tumor-specific neoantigens and increased amounts of tumor-infiltrating
lymphocytes (TILs), resulting in upregulation of compensatory immune checkpoint mechanisms and the
overexpression of PD-1 and PD-L1"*". These findings led to the investigation of ICIs as a possible
treatment for EC.
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Recurrent, advanced, and metastatic endometrial cancer

Second-line setting

Multiple trials have demonstrated encouraging activity and survival benefits with ICIs in this setting,
resulting in the approval of these agents for routine clinical practice [Figure 2].

ICISs as single-agent

Pembrolizumab was examined across various advanced cancers in the phase II KEYNOTE-158 basket
study. Patients diagnosed with EC regardless of MSI status (Cohort D) and patients with any MSI-H/
dMMR advanced solid tumor (excluding colorectal cancer), including EC (Cohort K), were enrolled””. In
the 90 patients with MSI-H/dMMR EC subgroup, the ORR was 48% with a median PFS of 13.1 months.
Additionally, the median DOR and OS were not reached. Although 76% of the AEs were of any grade, only
12% were grades 3-4. Thus, pembrolizumab demonstrated high clinical activity with promising survival
benefits and manageable toxicity among previously treated women with advanced MSI-H/dMMR EC.
Following these findings, the Food and Drug Administration (FDA) granted approval for pembrolizumab
monotherapy for individuals with advanced MSI-H/dMMR EC who experienced disease progression
following previous systemic therapy.

The open-label phase I GARNET study investigated dostarlimab (500 mg every three weeks for four cycles,
followed by 1,000 mg every six weeks) in individuals with advanced solid tumors. This trial included two
cohorts of patients diagnosed with EC: those with MSI-H/dMMR tumors (cohort A1, n = 153) and those
with microsatellite stable (MSS)/mismatch repair proficient (pMMR) tumors (cohort A2, n = 161)". In
cohort A1, the ORR was 45.5%, with 23 complete responses and 42 partial responses, whereas in cohort A2,
the ORR was notably lower at 15.4%, with only four complete responses. The median DOR was not reached
in cohort A1 (38.9 months to not reached) and was 19.4 months (8.2 months to not reached) in cohort A2.
The median PFS was 6.0 months (4.1 to 18.0 months) for cohort A1 and 2.7 months (2.6 to 2.8 months) for
cohort A2. Regarding OS, the median was not reached (ranging from 27.1 months to not reached) in cohort
A1, while cohort A2 was 16.9 months (ranging from 13 to 21.8 months). In both cohorts, 80.9% of patients
presented grade 1-2 AEs, the most frequent being fatigue, diarrhea, and nausea, and 19.1% of patients
experienced a grade 3 AE. Hence, dostarlimab demonstrated sustained response rates in women with both
MSI-H/dMMR and MSS/pMMR EC and a manageable safety profile. As a result of these findings,
dostarlimab was authorized by EMA and FDA for the treatment of patients with recurrent or advanced EC
expressing MSI-H/dMMR after progression to platinum-based chemotherapy.

ICIs plus multikinase inhibitors

While MSI-H/dMMR EC accounts for only 16% of recurrent disease cases*”, and responses and survival
benefits with immunotherapy alone have been limited in patients with MSS/pMMR disease'*"*?), recent
studies have uncovered possible strategies to overcome this challenge. The vascular endothelial growth
factor (VEGF) fosters tumor proliferation and aids in metastasis across various tumor types, by stimulating
angiogenesis'*’. Blocking VEGF may effectively overcome ICI resistance through vascular normalization,
and recruitment and proliferation of immune-suppressing cells, including myeloid and regulatory T cells"*.
The KEYNOTE-146/Study 111, a phase Ib/II clinical trial, assessed the combination of pembrolizumab and
lenvatinib, showing promising results in patients with EC*.

In the phase III KEYNOTE-775 study, individuals with advanced EC who had undergone 2 1 previous line
of platinum-based chemotherapy were randomly assigned to either lenvatinib (20 mg daily) alongside
pembrolizumab (200 mg administered every three weeks) or the investigator’s choice of chemotherapy
(doxorubicin or paclitaxel)*’. The two primary outcomes of PFS and OS were assessed in all comers and
patients with pMMR tumors. Out of the 827 women enrolled, 697 were diagnosed with pMMR tumors,
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Figure 2. Overall and progression-free survival for ICl alone or plus lenvatinib in the second-line treatment of EC. ICl: Immune checkpoint
inhibitor; EC: endometrial cancer.

while 130 had dAMMR tumors. Among those with pMMR tumors, median PES was 6.7 and 3.8 months with
pembrolizumab-lenvatinib and chemotherapy, respectively (HR 0.60; 95%CI 0.50-0.72). Similarly, the
median OS was 18.0 months with lenvatinib and pembrolizumab vs. 12.2 months with physician’s choice
chemotherapy (HR 0.70; 95%CI 0.58-0.83). In the entire study population, both median PFS (7.3 vs. 3.8
months, HR 0.56; 95%CI 0.48-0.66) and OS (18.7 vs. 11.9 months, HR 0.65; 95%CI 0.55-0.77) were
significantly longer in the experimental arm. Grade = 3 AEs occurred more frequently in the
pembrolizumab and lenvatinib arm (90.1%) compared to the chemotherapy arm (73.7%)"“”. Hence, the
combined use of lenvatinib and pembrolizumab enhanced both PFS and OS in all women with advanced
EC as a second-line treatment, encompassing those with pMMR disease. These outcomes prompted the
EMA approval of pembrolizumab in conjunction with lenvatinib for treating advanced or recurrent EC in
patients who have received 2 1 line of platinum-based chemotherapy. Furthermore, the FDA approved this
combination in the second-line setting for patients with MSI-H/dMMR EC.

ICIs plus poly (ADP-ribose) polymerase inhibitors

Combining ICIs with poly (ADP-ribose) polymerase (PARP) inhibitors (PARPi) may be another treatment
option, as these agents have been demonstrated to augment PD-L1 expression and neoantigen burden in
preclinical studies"”. The investigator-initiated, multicenter, phase Il DOMEC trial examined the efficacy
and safety of combining durvalumab with olaparib in women with metastatic or recurrent EC who had
received 2 1 previous line of platinum-based chemotherapy or were not able or unwilling to undergo
chemotherapy”. PFS at six months was 34% (17/50 patients), and ORR was 16% with only one complete
response. The median PFS and OS were 3.4 and 8.0 months, respectively.

Similarly, another investigator-initiated, open-label, single-arm, phase II study evaluated the potential
efficacy and safety of combining avelumab with talazoparib in recurrent pMMR EC*. The co-primary
endpoints consisted of ORR and 6-month PFS. Among 35 patients analyzed, the ORR was 11.4%, with four
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patients achieving partial responses, and the 6-month PFES rate was 22.9%. The most frequently reported
grade 2 3 AEs included anemia (46%), thrombocytopenia (29%), and neutropenia (11%). Patients with
homologous recombination deficiency (HRD)-positive tumors demonstrated higher rates of clinical benefit
and longer PFS than those with HRD-negative tumors. PD-L1 status, TMB, and TILs were not associated
with clinical benefits from avelumab plus talazoparib.

First-line setting

ICIs plus chemotherapy

The promising outcomes from studies examining the efficacy of ICIs in the second-line setting prompted
numerous trials investigating various ICIs in the first-line [Figure 3]. In part 1 of the phase III RUBY trial,
494 women with stage III-IV or recurrent EC were randomly assigned to receive either dostarlimab or
placebo, in addition to standard carboplatin and paclitaxel, followed by maintenance therapy with either
dostarlimab or placebo for up to three years®. Among the MSI-H/dMMR population, a statistically
significant and clinically meaningful improvement in PFS was reported (not reached in the dostarlimab
group vs. 7.7 months in the placebo group; HR 0.28; 95%CI 0.16-0.50). In the overall population, the median
PFS was 11.8 months for those receiving dostarlimab and 7.9 months for those on placebo (HR 0.64; 95%CI
0.51-0.80; P < 0.001)"”. In the MSS/pMMR population, the estimated 24-month PFS was higher with
dostarlimab (28.4%) compared to placebo (18.8%), though the advantage appeared smaller (HR 0.76; 95%CI
0.59-0.98). Additionally, after a median follow-up of 37.2 months, the median OS in the overall population
was 44.6 months with dostarlimab vs. 28.2 months with placebo (HR 0.69; 95%CI 0.54-0.89; P = 0.002). In
the dMMR/MSI-H group, the median OS was not reached in the dostarlimab arm, while it was 31.4 months
in the placebo arm (HR 0.32; 95%CI 0.17-0.63; P = 0.002). In the pMMR/MSS population, the median OS
was 34 months for those treated with dostarlimab compared to 27 months for those receiving placebo (HR
0.79; 95%CI 0.60-1.04; P = 0.049)""”.. The most frequent AEs were comparable between the dostarlimab and
placebo groups.

The NRG-GYo018 trial enrolled 816 women with measurable stage IIT or IVA disease, or stage IVB or
recurrent EC, to receive pembrolizumab or placebo alongside paclitaxel and carboplatin every three weeks
for six cycles, followed by up to 14 additional cycles every six weeks". Similarly to the RUBY Part 1 study,
an unprecedented benefit in the dMMR group treated with the addition of the ICI was reported (12-month
PES of 74% vs. 38%; HR 0.30; 95%CI 0.19-0.48; P < 0.001). For the pMMR group, the median PFS was 13.1
months for the pembrolizumab group vs. 8.7 months for the placebo group (HR 0.54; 95%CI 0.41-0.71; P <
0.001). Adding pembrolizumab to chemotherapy did not result in increased toxicity, and the occurrence of
immune-mediated AEs was consistent with those observed in previous studies.

In the AtTEnd phase III study, 551 women with either advanced/metastatic or recurring EC were randomly
assigned (2:1 ratio) to carboplatin and paclitaxel with the anti-PD-L1 atezolizumab or placebo, followed by
maintenance until disease progression. In the dMMR subgroup, the addition of atezolizumab resulted in
improved PFS (HR 0.36; 95%CI 0.23-0.57; P = 0.0005), with the median PFS not being reached in the
atezolizumab arm vs. 6.9 months in the placebo group. In the overall population, the median PFS was 10.1
months for the atezolizumab group compared to 8.9 months for the placebo group (HR 0.74; 95%CI 0.61-
0.91; P = 0.0219). Grade = 3 AEs were observed in 66.9% of patients in the atezolizumab arm compared to
63.8% in the placebo arm.

The outcomes from the aforementioned trials have prompted shifts in the management of advanced EC in
the first-line setting. Nonetheless, the ongoing KEYNOTE-C93 (NCT05173987) and DOMENICA
(NCTo05201547) trials are investigating monotherapy ICI approaches in patients with dMMR/MSI-H EC.
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Figure 3. Overall and progression-free survival with ICl plus chemotherapy for the first-line treatment of advanced/recurrent EC. ICl:
Immune checkpoint inhibitor; EC: endometrial cancer.

ICIs plus multikinase inhibitors

Given the proven efficacy of pembrolizumab and lenvatinib in the second-line setting, this combination was
also investigated in the first-line setting in the phase IIl ENGOT-en9/LEAP-001 trial®. Participants were
randomized to receive lenvatinib 20 mg daily along with pembrolizumab 200 mg every three weeks or to
undergo treatment with paclitaxel at a dose of 175 mg/m’ plus carboplatin at an AUC 6 administered every
three weeks. The primary endpoints were PFS and OS evaluated in both the pMMR and intention-to-treat
populations. After a median follow-up duration of 38.4 months, in the pMMR subgroup, the comparison
between lenvatinib plus pembrolizumab and chemotherapy did not show statistically significant non-
inferiority for OS (HR 1.02; 95%CI 0.83-1.26; non-inferiority P = 0.2459875). In patients with advanced or
recurrent EC, the first-line treatment with lenvatinib and pembrolizumab did not meet the predetermined
statistical criteria for either OS or PFS compared to chemotherapy. However, the safety profile continued to
be manageable and in line with that previously observed with this combination.

ICIs plus PARP inhibitors

The DUO-E was a 3-arm phase III trial in patients with advanced or recurrent EC, investigating the
combination of carboplatin and paclitaxel alongside durvalumab, followed by maintenance treatment with
durvalumab with or without olaparib in the first-line setting"””. In the intention-to-treat analysis, both the
durvalumab and the durvalumab plus olaparib arms exhibited statistically significant improvements in PFS
compared to the control arm. Specifically, the durvalumab arm showed a PFS of 10.2 months compared to
9.6 months in the control group (HR 0.71; 95%CI 0.57-0.89; P = 0.003), while the durvalumab plus olaparib
arm demonstrated a PFS of 15.1 months compared to 9.6 months in the control arm (HR 0.55; 95%CI 0.43-
0.69; P < 0.0001). In prespecified, exploratory subgroup analyses, a PFS benefit was observed in the dIMMR
population, with HRs of 0.42 (95%CI 0.22-0.80) in the durvalumab arm and 0.41 (95%CI 0.21-0.75) in the
durvalumab plus olaparib arms compared to the control arm. Similarly, in the pMMR population, a PFS
benefit was also demonstrated, with HRs of 0.77 (95%CI 0.60-0.97) in the durvalumab arm and 0.57 (95%CI
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0.44-0.73) in the durvalumab plus olaparib arm compared to the control arm. The interim OS results, with
approximately 28% maturity, indicated a trend toward enhanced OS with durvalumab (HR 0.77; 95%CI
0.56-1.07; P = 0.120) and durvalumab plus olaparib (HR 0.59; 95%CI 0.42-0.83; P = 0.003) compared to the
control group.

Finally, in RUBY part 2, the efficacy and safety of dostarlimab in combination with carboplatin-paclitaxel,
followed by dostarlimab and niraparib, was assessed in 291 women diagnosed with recurrent or advanced
EC"". With a median follow-up of 19 months, the median PFS was 14.5 months in the dostarlimab-
niraparib group compared to 8.3 months in the chemotherapy-alone group (HR 0.60; 95%CI 0.43-0.82; P =
0.0007). In the MSS/pMMR subgroup, the median PFS was 14.3 months in the dostarlimab-niraparib arm
and 8.3 months in the chemotherapy-alone arm (HR 0.63; 95%CI 0.44-0.91; P = 0.006). In an exploratory
analysis of the MSI-H/dMMR population, the median PFS was not reached in the dostarlimab-niraparib
arm, while it was 7.9 months in the chemotherapy-alone arm (HR 0.48; 95%CI 0.24-0.96; P = 0.0174).
Grade 2 3 AEs were documented in 84% of patients in the dostarlimab group and 49% in the placebo group.
The most common events included nausea (59.7% vs. 50%), fatigue (52.4% vs. 42.7%), and anemia (49.7% vs.
47.9%).

Treatment after progression to ICIs

Data regarding treatment after progression to ICIs among patients with advanced EC are scarce. A phase II
clinical trial assessed the activity of combining nivolumab and cabozantinib, a multitargeted tyrosine kinase
inhibitor known for its potent activity against VEGF receptor 2, in 20 individuals with EC who experienced
disease progression following immunotherapy”. Combining cabozantinib and nivolumab as ICI
rechallenge resulted in an ORR of 25%, with seven patients achieving stable disease, leading to a median
DOR of 5.5 months. However, the best treatment approach after the failure of ICIs in EC has yet to be
defined, and many trials assessing new agents and strategies are ongoing.

Localized endometrial cancer

Following the important positive results of using ICI with chemotherapy for the treatment of advanced/
recurrent EC, its role has been investigated in the adjuvant setting. Particularly, pembrolizumab is under
investigation in combination with adjuvant chemotherapy, with or without radiotherapy, in women with
newly diagnosed, high-risk EC (ENGOT-en11/GOG-3053/KEYNOTE-B21 trial). This study is designed
with dual primary endpoints, encompassing disease-free survival and OS. Enrollment for this trial started in
December 2020 and is presently ongoing'™.

Furthermore, the Refining Adjuvant treatment IN endometrial cancer Based On molecular features
(RAINBO) program is investigating four adjuvant treatment strategies tailored to the four molecular
subtypes according to the TCGA classification. This program aims to increase cure rates by incorporating
novel targeted therapies or safely de-escalating treatment'*’. The RED phase III trial is comparing adjuvant
CCRT followed by two years of olaparib vs. adjuvant CCRT alone in women with p53 abnormal stage I-III
EC. In the GREEN phase III trial, adjuvant radiotherapy with concurrent and adjuvant durvalumab for one
year is compared to radiotherapy alone in women with dMMR stage II (with lymphovascular space
invasion) or stage III EC. The ORANGE segment is a phase III trial aimed at treatment de-escalation for
patients lacking a specific molecular profile, focusing on estrogen receptor-positive stage II (with LVSI) or
stage III EC and comparing radiotherapy followed by progestin for two years to adjuvant chemoradiation.
Lastly, the BLUE part is a phase II trial investigating treatment de-escalation in adjuvant therapy for women
with POLE-mutated stage I-III EC, assessing the omission of adjuvant treatment (no adjuvant treatment or
radiotherapy alone for higher-risk disease).
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MECHANISMS OF RESISTANCE

Although ORR and survival outcomes have improved with the inclusion of these agents into clinical
practice, a substantial percentage of patients with CC and EC still do not experience benefits, possibly due to
multiple intrinsic and adaptive resistance mechanisms to immunotherapy'*.

Intrinsic resistance mechanisms to ICIs in CC may include lack of response in pMMR tumors®, T cell
exhaustion due to chronic viral infections'*’, and immunosuppressive tumor microenvironment'™.
Conversely, patients who initially respond to ICIs may later encounter adaptative resistance, leading to
disease progression or recurrence. Adaptive mechanisms of resistance in CC include the upregulation of
alternative immune checkpoint signaling pathways'*. Potential targets for maximizing the effect of anti-
PD-1 antibodies involve blocking CTLA-4 and T-cell immunoreceptors with immunoglobulin and ITIM
domain (TIGIT) co-inhibitory signals, thus creating a synergistic effect'”*".

The approach of dual checkpoint blockade targeting both PD-1 and CTLA-4 has proven to enhance clinical
outcomes compared to sole anti-PD-1 monotherapy across various types of solid tumors'*”. Inhibiting PD-1
restores the responsiveness of tumor-reactive T cells® while blocking the CTLA-4 pathway activates effector
T cells and diminishes their down-regulating function”. Therefore, targeting the dual blockade of these
separate yet mutually reinforcing mechanisms could effectively counter resistance observed to ICI
monotherapy, both in CC and other solid tumors.

Conversely, TIGIT, an immune checkpoint receptor found on both natural killer (NK) cells and T cells,
reduces the activity of these immune cells by interacting with its ligand poliovirus receptor (PVR), located
on antigen-presenting or tumor cells'®”. Furthermore, TIGIT expression in CD8+ T lymphocytes in patients
with CC is elevated compared to patients without CC and induces the exhaustion of CD8+ T lymphocytes
through NF-«B inhibition and extracellular signal-regulated kinase (ERK) activation, leading to the
downregulation of cytokine production. Both in vivo and in vitro investigations have shown that blocking
TIGIT reinstates CDs8+ T cells’ ability to produce cytokines and that combining TIGIT and PD-1 inhibitors
shows even greater activity than blocking TIGIT alone”"!. Currently, ongoing studies are evaluating novel
treatment strategies for CC, including combinations of ICIs and adoptive cell therapy to overcome such
mechanisms of resistance [Table 1].

For EC, some proposed mechanisms for resistance to immunotherapy include the major histocompatibility
complex (MHC), heterogenous expression of PD-1, and Janus kinase 1 (JAK1)/signal transducer and

activator of transcription 1 (STAT1) mutations””.

ICIs enhance adaptive antitumor immune responses and require cytotoxic T cells’ presence and activation
through various mechanisms, including MHC class 1" MHC class I loss prevents antigen recognition by
neoantigen-specific CD8+ T cells, which may lead to resistance to PD-1 inhibitors regardless of PD-1
expression””. In a study by Friedman et al., 46% of dMMR and 25% of PD-L1-positive endometrial tumors
lost MHC class I expression”. Thus, further research investigating the role of MHC class I loss on
resistance to immunotherapy is needed.

Regarding MHC class II, lymphocyte activation gene-3 (LAG-3), an immune inhibitory receptor found
mainly on activated T and NK cells, has been recognized as its primary ligand, hindering the activation of
CD4+ helper T cells”. Studies have demonstrated that fibrinogen-like protein 1 (FGL-1), a critical ligand
for LAG-3, can trigger T-cell suppression, facilitating tumor immune evasion”. Furthermore, in vitro
experiments have shown that LAG-3 diminishes the activity of CD8+ T cells in the vicinity of tumors and
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Table 1. Ongoing trials in advanced cervical cancer

Trial Phase Novel treatment Setting :;i‘;‘:,i:xt (E:;:imated enrollment

Monotherapy

FERMATA (NCT03912415) I BCD-100 1st line oS 316

Dual checkpoint blockade

NCT05033132 Il Balstilimab +/- zalifrelimab 2nd line PFS 177

RaPiDS (GOG-3028) Il Balstilimab +/- zalifrelimab 2nd line ORR 200

(NCT03894215)

NCT04380805 I Cadonilimab (PD-1/CTLA-4 bispecific ~ 2nd line ORR 30
antibody)

NCT04982237 1l Cadonilimab 1st line PFS and OS 440

Combination with anti-TIGIT inhibitors

KEYVIBE-001 (NCT02964013) | Vibostolimab +/- pembrolizumab 2nd line RP2D 392

SKYSCRAPER-04 Il Atezolizumab +/- tiragolumab 2nd line ORR 172

(NCT04300647)

Adoptive cell therapy

NCTO03108495 Il LN-145 Istand 2nd ~ ORRand safety 189

line

"Actual enrollment. OS: Overall survival; PFS: progression-free survival; ORR: objective response rate; PD-1: programmed cell death-1; CTLA-4:
cytotoxic T lymphocyte-associated antigen 4; TIGIT: T-cell immunoreceptors with immunoglobulin and ITIM domain.

decreases cytokine production through its interaction with galectin-3 (GAL-3)." Research has shown that
LAG-3 plays a role in evading the immune system’s responses across various solid tumors, including EC"”\.
In a retrospective study involving 421 EC patients conducted by Zhang et al., LAG-3 expression in immune
cells was more prevalent in patients exhibiting high-risk characteristics, including high-grade tumors, those
classified in the ESMO-ESTRO-ESGO high-risk group, advanced or metastatic EC, and cases with
lymphovascular space invasion. Additionally, higher LAG-3 expression was noted in patients with the
POLE-mutated and dMMR molecular subtypes””. Thus, LAG-3 could potentially be a candidate target for
immunotherapy in POLE-mutated and dMMR EC alone or in combination with PD-1/PD-L1 blockade to
enhance the immunotherapeutic effect. Nevertheless, additional investigations are required to comprehend
the specific mechanisms regulating LAG-3 and its biological significance in EC.

Heterogenous expression of PD-1 within the tumor microenvironment could also sustain resistance against
PD-1/PD-L1 antibodies and could potentially be overcome by targeting alternative immune molecules such
as T-cell immunoglobulin and mucin domain-containing protein 3 (TIM-3), either in conjunction with or
as an alternative to PD-1 blockade™. TIM-3 is an immune checkpoint present in various immune cell types
and holds significant importance in regulating immune responses and tolerance through modulation".

TIM-3 expressed on Thi, Th17, monocytes, dendritic cells, and macrophages enhances regulatory T cell
numbers and contributes to depletion of CD8(+) tumor-infiltrating T cells®”. In a study by Moore et al.,

immunohistochemistry was performed on 75 endometrial tumors comprising 25 cases with mutL homolog
1 (MLH1) promoter hypermethylation, 25 non-hypermethylated dMMR cases, and 25 pMMR cases to
assess the expression of TIM-3 in the tumor and the microenvironment"®’. Most cases (77%) displayed
TIM-3 tumoral expression of at least 1%. However, dMMR tumors exhibited a higher prevalence of
moderate to robust immune cell expression than pMMR cases (66% vs. 12%, P = 0.00002). These findings
propose a possible use for TIM-3 antibodies in a subgroup of patients with EC, including those with pMMR
tumors not currently considered for ICI monotherapy.
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JAK1 becomes activated by cytokines such as interferon-gamma (IFNy), influencing various cellular
functions, including immune response and cell growth, through the JAK/STAT pathway®. It has been
demonstrated that JAK1 mutant gynecological cancer cell lines lacked the ability to phosphorylate STAT1
tyrosine in response to IFNy, preventing the stimulation of antigen-processing machinery components,
including low molecular weight peptide-2 (LMP2) and transporter associated with antigen processing-1
(TAP1)™!. This impairment in antigen presentation and processing, due to reduced LMP and TAP protein
expression, correlates with diminished human leukocyte antigen (HLA) class I upregulation and resistance
to cytotoxic T cell-mediated lysis™®!. Thus, JAK1/STAT1 mutations lead to declined effector immune cell
activation and hindered antigen-presenting mechanisms"*>*!. Micro-satellite frameshift insertions and
deletions are the critical forms of JAK1/STAT1 mutations present in EC*” and can be found in
approximately 47% of dMMR tumors"®. Hence, assessing these and other potential biomarkers could be
pertinent in identifying EC patients who might not benefit from ICIs.

Moreover, the processes related to microsatellite instability could influence responses to ICIs. Microsatellite
instability can result from mutations in the MMR genes (germline and somatic mutations) and methylation
of the MLH1 gene promoter™. In a phase II trial assessing pembrolizumab in patients with MSI-H
recurrent EC, it was observed that the TMB was significantly higher in Lynch/Lynch-like tumors [median,
2,939 mutations/megabase (Mut/Mb)] compared to sporadic tumors (median, 604 Mut/Mb; P = 0.0076).
The ORR was 100% in patients with Lynch/Lynch-like disease, contrasting with 44% in sporadic tumors.
Additionally, patients with Lynch/Lynch-like EC exhibited improved 3-year PFS and OS rates compared to
those with sporadic EC™'. Contrary to these results, a post hoc analysis from patients in cohort A1 of the
GARNET trial found no differences in ORR according to Lynch/Lynch-like vs sporadic EC subgroup
analysis™®.. Similarly, an exploratory analysis of the NRG-GY018 study did not prove a different benefit
from incorporating pembrolizumab into chemotherapy according to the mechanism of mismatch repair
loss®™".

CONCLUSIONS

ICIs have drastically shifted the treatment and outcomes of women with advanced CC and EC by providing
improved response rates and long-lasting benefits in PFS and OS. Several trials have resulted in the approval
of multiple treatment choices, including ICI monotherapy and/or combined with targeted agents in the
first- and second-line settings of CC and EC. These encouraging results have prompted ongoing trials
evaluating these agents in earlier lines and the (neo)adjuvant setting. However, intrinsic and acquired
resistance mechanisms to ICIs and how to overcome such resistance still pose a significant unmet need for
treating patients with these malignancies. Further research addressing these questions remains a crucial area
of active investigation. Finally, identifying predictive biomarkers of response and/or resistance may lead to a
better selection of patients with CC and EC who may benefit from these treatments.

DECLARATIONS

Authors’ contributions

Made substantial contributions to the manuscript’s conception, data review, analysis, and writing: Martinez-
Cannon BA, Colombo I

Availability of data and materials
Not applicable.



Page 14 of 17 Martinez-Cannon et al. Cancer Drug Resist 2024;7:23 | https://dx.doi.org/10.20517/cdr.2023.120

Financial support and sponsorship
None.

Conflicts of interest

Colombo I has received travel grants from Tesaro, Janssen, AstraZeneca (AZ), and GlaxoSmithKline (GSK);
received honoraria for consultancy or expert opinion from AstraZeneca (AZ), GlaxoSmithKline (GSK),
Novartis, Merck Sharp & Dohme (MSD), and BionTech; received institutional grants for clinical trials as
principal investigator (PI) from Merck Sharp & Dohme (MSD), Bayer, Vivesto, Incyte, AstraZeneca (AZ),
Orion, and Tolremo. While the other author has decleared that he has no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2024.

REFERENCES

1. Wolchok JD, Chiarion-Sileni V, Gonzalez R, et al. Overall survival with combined nivolumab and ipilimumab in advanced melanoma.
N Engl J Med 2017;377:1345-56. DOI PubMed PMC

2. Motzer RJ, Tannir NM, McDermott DF, et al; CheckMate 214 Investigators. Nivolumab plus ipilimumab versus sunitinib in advanced
renal-cell carcinoma. N Engl J Med 2018;378:1277-90. DOI PubMed PMC

3. Maude SL, Laetsch TW, Buechner J, et al. Tisagenlecleucel in children and young adults with B-cell lymphoblastic leukemia. N Engl J
Med 2018;378:439-48. DOI PubMed PMC

4. Nishio H, Iwata T, Aoki D. Current status of cancer immunotherapy for gynecologic malignancies. Jpn J Clin Oncol 2021;51:167-72.
DOI PubMed

5. Levinson K, Dorigo O, Rubin K, Moore K. Immunotherapy in gynecologic cancers: what we know now and where we are headed. Am
Soc Clin Oncol Educ Book 2019;39:¢126-40. DOI PubMed

6. Wei SC, Levine JH, Cogdill AP, et al. Distinct cellular mechanisms underlie anti-CTLA-4 and anti-PD-1 checkpoint blockade. Cel/
2017;170:1120-33.e17. DOI PubMed PMC
Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev Cancer 2012;12:252-64. DOI PubMed PMC
Roberts K, Culleton V, Lwin Z, O’Byrne K, Hughes BG. Immune checkpoint inhibitors: navigating a new paradigm of treatment
toxicities. Asia Pac J Clin Oncol 2017;13:277-88. DOI PubMed

9. Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency predicts response of solid tumors to PD-1 blockade. Science
2017;357:409-13. DOI PubMed PMC

10. Marabelle A, Le DT, Ascierto PA, et al. Efficacy of pembrolizumab in patients with noncolorectal high microsatellite instability/
mismatch repair-deficient cancer: results from the phase Il KEYNOTE-158 study. J Clin Oncol 2020;38:1-10. DOI PubMed PMC

11.  Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2021;71:209-49. DOI PubMed

12, Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin 2022;72:7-33. DOI PubMed

13.  Bedell SL, Goldstein LS, Goldstein AR, Goldstein AT. Cervical cancer screening: past, present, and future. Sex Med Rev 2020;8:28-
37. DOI PubMed

14.  Miinger K, Howley PM. Human papillomavirus immortalization and transformation functions. Virus Res 2002;89:213-28. DOI
PubMed

15. Hu Z, Ma D. The precision prevention and therapy of HPV-related cervical cancer: new concepts and clinical implications. Cancer
Med 2018;7:5217-36. DOI PubMed PMC

16. Allemani C, Weir HK, Carreira H, et al; CONCORD Working Group. Global surveillance of cancer survival 1995-2009: analysis of
individual data for 25,676,887 patients from 279 population-based registries in 67 countries (CONCORD-2). Lancet 2015;385:977-
1010. DOI PubMed PMC

17.  Ojesina Al, Lichtenstein L, Freeman SS, et al. Landscape of genomic alterations in cervical carcinomas. Nature 2014;506:371-5. DOI
PubMed PMC

18.  Otter SJ, Chatterjee J, Stewart AJ, Michael A. The role of biomarkers for the prediction of response to checkpoint immunotherapy and
the rationale for the use of checkpoint immunotherapy in cervical cancer. Clin Oncol 2019;31:834-43. DOI PubMed


https://dx.doi.org/10.1056/NEJMoa1709684
http://www.ncbi.nlm.nih.gov/pubmed/28889792
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5706778
https://dx.doi.org/10.1056/nejmoa1709866
http://www.ncbi.nlm.nih.gov/pubmed/29385370
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5996391
https://dx.doi.org/10.1093/jjco/hyaa214
http://www.ncbi.nlm.nih.gov/pubmed/33244581
https://dx.doi.org/10.1200/edbk_237967
http://www.ncbi.nlm.nih.gov/pubmed/31099679
https://dx.doi.org/10.1016/j.cell.2017.07.024
http://www.ncbi.nlm.nih.gov/pubmed/28803728
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5591072
https://dx.doi.org/10.1038/nrc3239
http://www.ncbi.nlm.nih.gov/pubmed/22437870
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856023
https://dx.doi.org/10.1111/ajco.12698
http://www.ncbi.nlm.nih.gov/pubmed/28699304
https://dx.doi.org/10.1126/science.aan6733
http://www.ncbi.nlm.nih.gov/pubmed/28596308
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5576142
https://dx.doi.org/10.1200/JCO.19.02105
http://www.ncbi.nlm.nih.gov/pubmed/31682550
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8184060
https://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://dx.doi.org/10.3322/caac.21708
http://www.ncbi.nlm.nih.gov/pubmed/35020204
https://dx.doi.org/10.1016/j.sxmr.2019.09.005
http://www.ncbi.nlm.nih.gov/pubmed/31791846
https://dx.doi.org/10.1016/s0168-1702(02)00190-9
http://www.ncbi.nlm.nih.gov/pubmed/12445661
https://dx.doi.org/10.1002/cam4.1501
http://www.ncbi.nlm.nih.gov/pubmed/30589505
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6198240
https://dx.doi.org/10.1016/s0140-6736(14)62038-9
http://www.ncbi.nlm.nih.gov/pubmed/25467588
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4588097
https://dx.doi.org/10.1038/nature12881
http://www.ncbi.nlm.nih.gov/pubmed/24390348
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4161954
https://dx.doi.org/10.1016/j.clon.2019.07.003
http://www.ncbi.nlm.nih.gov/pubmed/31331818
https://pubmed.ncbi.nlm.nih.gov/29562145/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5972549/
https://www.nejm.org/doi/10.1056/NEJMoa1712126

Martinez-Cannon et al. Cancer Drug Resist 2024;7:23 | https://dx.doi.org/10.20517/cdr.2023.120 Page 15 of 17

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

Enwere EK, Kornaga EN, Dean M, et al. Expression of PD-L1 and presence of CD8-positive T cells in pre-treatment specimens of
locally advanced cervical cancer. Mod Pathol 2017;30:577-86. DOI PubMed

Chung H, Delord JP, Perets R, et al. Pembrolizumab treatment of advanced cervical cancer: updated results from the phase II
KEYNOTE-158 study. Gynecol Oncol 2021;162:S27. DOI

Chung HC, Ros W, Delord JP, et al. Efficacy and safety of pembrolizumab in previously treated advanced cervical cancer: results from
the phase II KEYNOTE-158 study. J Clin Oncol 2019;37:1470-8. DOI PubMed

Tewari KS, Monk BJ, Vergote I, et al; Investigators for GOG Protocol 3016 and ENGOT Protocol En-Cx9. Survival with cemiplimab
in recurrent cervical cancer. N Engl J Med 2022;386:544-55. DOI PubMed

Oaknin A, Moore K, Meyer T, et al. Nivolumab with or without ipilimumab in patients with recurrent or metastatic cervical cancer
(CheckMate 358): a phase 1-2, open-label, multicohort trial. Lancet Oncol 2024;25:588-602. DOI PubMed

Oaknin A, Moore KN, Meyer T, et al. 520MO Safety and efficacy of nivolumab (NIVO) = ipilimumab (IPI) in patients (pts) with
recurrent/metastatic cervical cancer (R/M Cx Ca) in checkmate 358. Ann Oncol 2022;33:S782. DOI

National Comprehensive Cancer Network. Cervical cancer (Version 3.2024). Available from: https://www.nccn.org/professionals/
physician_gls/pdf/cervical.pdf. [Last accessed on 7 Jun 2024].

O’Malley DM, Neffa M, Monk BJ, et al. Dual PD-1 and CTLA-4 checkpoint blockade using balstilimab and zalifrelimab combination
as second-line treatment for advanced cervical cancer: an open-label phase II study. J Clin Oncol 2022;40:762-71. DOI PubMed
PMC

Colombo N, Dubot C, Lorusso D, et al; KEYNOTE-826 Investigators. Pembrolizumab for persistent, recurrent, or metastatic cervical
cancer. N Engl J Med 2021;385:1856-67. DOI PubMed

Monk BJ, Colombo N, Tewari KS, et al; KEYNOTE-826 Investigators. First-line pembrolizumab + chemotherapy versus placebo +
chemotherapy for persistent, recurrent, or metastatic cervical cancer: final overall survival results of KEYNOTE-826. J Clin Oncol
2023;41:5505-11. DOI PubMed

Oaknin A, Gladieff L, Martinez-Garcia J, et al; ENGOT-Cx10-GEICO 68-C-JGOG1084-GOG-3030 Investigators. Atezolizumab
plus bevacizumab and chemotherapy for metastatic, persistent, or recurrent cervical cancer (BEATcc): a randomised, open-label, phase
3 trial. Lancet 2024;403:31-43. DOI PubMed

Monk B, Toita T, Wu X, et al. 0001/#504 Durvalumab, in combination with and following chemoradiotherapy, in locally advanced
cervical cancer: results from the phase 3 international, randomized, double-blind, placebo-controlled calla trial. Int J Gynecol Cancer
2022;32:A2-3. DOI

Lorusso D, Xiang Y, Hasegawa K, et al; ENGOT-cx11/GOG-3047/KEYNOTE-A18 investigators. Pembrolizumab or placebo with
chemoradiotherapy followed by pembrolizumab or placebo for newly diagnosed, high-risk, locally advanced cervical cancer (ENGOT-
cx11/GOG-3047/KEYNOTE-A18): a randomised, double-blind, phase 3 clinical trial. Lancet 2024;403:1341-50. DOI PubMed
Garcia-Duran C, Grau F, Villacampa G, Oaknin A. ATOMICC trial: a randomized, open-label, phase II trial of anti-PD1, dostarlimab,
as maintenance therapy for patients with high-risk locally advanced cervical cancer after chemoradiation. /nt J Gynecol Cancer
2022;32:1196-200. DOI PubMed

National Cancer Institute. Cancer stat facts: uterine cancer. Available from: https://seer.cancer.gov/statfacts/html/corp.html. [Last
accessed on 7 Jun 2024].

Miller DS, Filiaci VL, Mannel RS, et al. Carboplatin and paclitaxel for advanced endometrial cancer: final overall survival and adverse
event analysis of a phase III trial (NRG oncology/GOG0209). J Clin Oncol 2020;38:3841-50. DOI PubMed PMC

Levine DA; The Cancer Genome Atlas Research Network. Integrated genomic characterization of endometrial carcinoma. Nature
2013;497:67-73. DOI PubMed PMC

Howitt BE, Shukla SA, Sholl LM, et al. Association of polymerase e-mutated and microsatellite-instable endometrial cancers with
neoantigen load, number of tumor-infiltrating lymphocytes, and expression of PD-1 and PD-L1. JAMA Oncol 2015;1:1319-23. DOI
PubMed

Eggink FA, Van Gool IC, Leary A, et al. Immunological profiling of molecularly classified high-risk endometrial cancers identifies
POLE-mutant and microsatellite unstable carcinomas as candidates for checkpoint inhibition. Oncoimmunology 2016;6:¢1264565.
DOI PubMed PMC

O’Malley DM, Bariani GM, Cassier PA, et al. Pembrolizumab in patients with microsatellite instability-high advanced endometrial
cancer: results from the KEYNOTE-158 study. J Clin Oncol 2022;40:752-61. DOI PubMed PMC

Oaknin A, Pothuri B, Gilbert L, et al. Safety, efficacy, and biomarker analyses of dostarlimab in patients with endometrial cancer:
interim results of the phase | GARNET study. Clin Cancer Res 2023;29:4564-74. DOI PubMed PMC

Soumerai TE, Donoghue MTA, Bandlamudi C, et al. Clinical utility of prospective molecular characterization in advanced endometrial
cancer. Clin Cancer Res 2018;24:5939-47. DOI PubMed PMC

Oaknin A, Pothuri B, Gilbert L, et al. Dostarlimab in advanced/recurrent (AR) mismatch repair deficient/microsatellite instability—high
or proficient/stable (AIMMR/MSI-H or MMRp/MSS) endometrial cancer (EC): the GARNET study. J Clin Oncol 2022;40:5509. DOI
Ott PA, Bang YJ, Berton-Rigaud D, et al. Safety and antitumor activity of pembrolizumab in advanced programmed death ligand 1-
positive endometrial cancer: results from the KEYNOTE-028 study. J Clin Oncol 2017;35:2535-41. DOl PubMed

Mahecha AM, Wang H. The influence of vascular endothelial growth factor-A and matrix metalloproteinase-2 and -9 in angiogenesis,
metastasis, and prognosis of endometrial cancer. Onco Targets Ther 2017;10:4617-24. DOI PubMed PMC

Hack SP, Zhu AX, Wang Y. Augmenting anticancer immunity through combined targeting of angiogenic and PD-1/PD-L1 pathways:


https://dx.doi.org/10.1038/modpathol.2016.221
http://www.ncbi.nlm.nih.gov/pubmed/28059093
https://dx.doi.org/10.1016/s0090-8258(21)00696-x
https://dx.doi.org/10.1200/jco.18.01265
http://www.ncbi.nlm.nih.gov/pubmed/30943124
https://dx.doi.org/10.1056/NEJMoa2112187
http://www.ncbi.nlm.nih.gov/pubmed/35139273
https://dx.doi.org/10.1016/S1470-2045(24)00088-3
http://www.ncbi.nlm.nih.gov/pubmed/38608691
https://dx.doi.org/10.1016/j.annonc.2022.07.648
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cervical.pdf
https://dx.doi.org/10.1200/jco.21.02067
http://www.ncbi.nlm.nih.gov/pubmed/34932394
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8887945
https://dx.doi.org/10.1016/S0140-6736(23)02405-4
http://www.ncbi.nlm.nih.gov/pubmed/38048793
https://dx.doi.org/10.1136/ijgc-2022-igcs.3
https://dx.doi.org/10.1016/S0140-6736(24)00317-9
http://www.ncbi.nlm.nih.gov/pubmed/38521086
https://dx.doi.org/10.1136/ijgc-2022-003370
http://www.ncbi.nlm.nih.gov/pubmed/35444013
https://seer.cancer.gov/statfacts/html/corp.html
https://dx.doi.org/10.1200/jco.20.01076
http://www.ncbi.nlm.nih.gov/pubmed/33078978
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7676887
https://dx.doi.org/10.1038/nature12113
http://www.ncbi.nlm.nih.gov/pubmed/23636398
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3704730
https://dx.doi.org/10.1001/jamaoncol.2015.2151
http://www.ncbi.nlm.nih.gov/pubmed/26181000
https://dx.doi.org/10.1080/2162402x.2016.1264565
http://www.ncbi.nlm.nih.gov/pubmed/28344870
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5353925
https://dx.doi.org/10.1200/jco.21.01874
http://www.ncbi.nlm.nih.gov/pubmed/34990208
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8887941
https://dx.doi.org/10.1158/1078-0432.ccr-22-3915
http://www.ncbi.nlm.nih.gov/pubmed/37363992
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10643997
https://dx.doi.org/10.1158/1078-0432.ccr-18-0412
http://www.ncbi.nlm.nih.gov/pubmed/30068706
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6279519
https://dx.doi.org/10.1200/jco.2022.40.16_suppl.5509
https://dx.doi.org/10.1200/jco.2017.72.5952
http://www.ncbi.nlm.nih.gov/pubmed/28489510
https://dx.doi.org/10.2147/ott.s132558
http://www.ncbi.nlm.nih.gov/pubmed/29033580
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5614795
https://pubmed.ncbi.nlm.nih.gov/34534429/
https://www.nejm.org/doi/10.1056/NEJMoa2112435
https://doi.org/10.1200/JCO.23.00914
https://pubmed.ncbi.nlm.nih.gov/37910822/

Page 16 of 17 Martinez-Cannon et al. Cancer Drug Resist 2024;7:23 | https://dx.doi.org/10.20517/cdr.2023.120

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.

67.

68.

challenges and opportunities. Front Immunol 2020;11:598877. DOI PubMed PMC

Makker V, Taylor MH, Aghajanian C, et al. Lenvatinib plus pembrolizumab in patients with advanced endometrial cancer. J Clin
Oncol 2020;38:2981-92. DOI PubMed PMC

Makker V, Colombo N, Casado Herraez A, et al; Study 309-KEYNOTE-775 Investigators. Lenvatinib plus pembrolizumab for
advanced endometrial cancer. N Engl J Med 2022;386:437-48. DOI PubMed

Makker V, Colombo N, Casado Herrdez A, et al. Lenvatinib plus pembrolizumab in previously treated advanced endometrial cancer:
updated efficacy and safety from the randomized phase III study 309/KEYNOTE-775. J Clin Oncol 2023;41:2904-10. DOI PubMed
PMC

Pantelidou C, Sonzogni O, De Oliveria Taveira M, et al. PARP inhibitor efficacy depends on CD8" T-cell recruitment via intratumoral
STING pathway activation in BRCA-deficient models of triple-negative breast cancer. Cancer Discov 2019;9:722-37. DOI PubMed
PMC

Post CCB, Westermann AM, Boere 1A, et al. Efficacy and safety of durvalumab with olaparib in metastatic or recurrent endometrial
cancer (phase II DOMEC trial). Gynecol Oncol 2022;165:223-9. DOI PubMed

Konstantinopoulos PA, Gockley AA, Xiong N, et al. Evaluation of treatment with talazoparib and avelumab in patients with recurrent
mismatch repair proficient endometrial cancer. JAMA Oncol 2022;8:1317-22. DOI PubMed PMC

Mirza MR, Chase DM, Slomovitz BM, et al; RUBY Investigators. Dostarlimab for primary advanced or recurrent endometrial cancer.
N Engl J Med 2023;388:2145-58. DOI PubMed

Mirza M, Sharma S, Herrstedt J, et al. 740MO Dostarlimab + chemotherapy for the treatment of primary advanced or recurrent
endometrial cancer (pA/rEC): analysis of progression free survival (PFS) and overall survival (OS) outcomes by molecular
classification in the ENGOT-EN6-NSGO/GOG-3031/RUBY trial. Ann Oncol 2023;34:S507. DOI

Powell M. Overall survival in patients with primary advanced or recurrent endometrial cancer treated with dostarlimab plus
chemotherapy in Part 1 of the ENGOT-EN6-NSGO/GOG-3031/RUBY trial. In: Presented at the SGO 2024 Annual Meeting; San
Diego, California; 2024. Available from: https://www.onclive.com/view/overall-survival-in-patients-with-primary-advanced-or-
recurrent-endometrial-cancer-treated-with-dostarlimab-plus-chemotherapy-in-part- 1 -of-the-engot-en6-nsgo-gog-303 1 -ruby-trial. [Last
accessed on 7 Jun 2024].

Eskander RN, Sill MW, Beffa L, et al. Pembrolizumab plus chemotherapy in advanced endometrial cancer. N Engl J Med
2023;388:2159-70. DOI PubMed PMC

Colombo N, Harano K, Hudson E, et al. LBA40 phase III double-blind randomized placebo controlled trial of atezolizumab in
combination with carboplatin and paclitaxel in women with advanced/recurrent endometrial carcinoma. Ann Oncol 2023;34:S1281-2.
DOI

Marth C, Moore RG, Bidzinski M, et al. #88 Lenvatinib plus pembrolizumab versus chemotherapy as first-line therapy for advanced or
recurrent endometrial cancer: primary results of the phase 3 ENGOT-en9/LEAP-001 study. Int J Gynecol Cancer 2024;34:A570.2-1.
DOI

Westin SN, Moore K, Chon HS, et al; DUO-E Investigators. Durvalumab plus carboplatin/paclitaxel followed by maintenance
durvalumab with or without olaparib as first-line treatment for advanced endometrial cancer: the phase 111 DUO-E trial. J Clin Oncol
2024;42:283-99. DOI PubMed PMC

Mirza MR, Ghamande S, Hanker LC, et al. Dostarlimab plus chemotherapy followed by dostarlimab plus niraparib maintenance
therapy in patients with primary-advanced or recurrent endometrial cancer in the ENGOT-EN6-NSGO/GOG-3031/RUBY Trial. In:
Presented at the SGO 2024 Annual Meeting. San Diego, California.

Lheureux S, Matei DE, Konstantinopoulos PA, et al. Translational randomized phase II trial of cabozantinib in combination with
nivolumab in advanced, recurrent, or metastatic endometrial cancer. J Immunother Cancer 2022;10:¢004233. DOI PubMed PMC
Slomovitz B, Mirza M, Lortholary A, et al. ENGOT-en11/GOG-3053/KEYNOTE-B21: a phase 3 study of pembrolizumab or placebo
in combination with adjuvant chemotherapy with or without radiotherapy in patients with newly diagnosed high-risk endometrial
cancer (570). Gynecol Oncol 2022;166:S278. DOI

RAINBO Research Consortium. Refining adjuvant treatment in endometrial cancer based on molecular features: the RAINBO clinical
trial program. Int J Gynecol Cancer 2022;33:109-17. DOI PubMed PMC

Ge Y, Zhang Y, Zhao KN, Zhu H. Emerging therapeutic strategies of different immunotherapy approaches combined with PD-1/PD-
L1 blockade in cervical cancer. Drug Des Devel Ther 2022;16:3055-70. DOI PubMed PMC

Le DT, Uram JN, Wang H, et al. PD-1 blockade in tumors with mismatch-repair deficiency. N Engl J Med 2015;372:2509-20. DOI
PubMed PMC

Li B, Chan HL, Chen P. Immune checkpoint inhibitors: basics and challenges. Curr Med Chem 2019;26:3009-25. DOI PubMed

Lei Q, Wang D, Sun K, Wang L, Zhang Y. Resistance mechanisms of anti-PD1/PDL1 therapy in solid tumors. Front Cell Dev Biol
2020;8:672. DOI PubMed PMC

Koyama S, Akbay EA, Li YY, et al. Adaptive resistance to therapeutic PD-1 blockade is associated with upregulation of alternative
immune checkpoints. Nat Commun 2016;7:10501. DOI PubMed PMC

Chitsike L, Duerksen-Hughes P. The potential of immune checkpoint blockade in cervical cancer: can combinatorial regimens
maximize response? A review of the literature. Curr Treat Options Oncol 2020;21:95. DOI PubMed

Hung AL, Maxwell R, Theodros D, et al. TIGIT and PD-1 dual checkpoint blockade enhances antitumor immunity and survival in


https://dx.doi.org/10.3389/fimmu.2020.598877
http://www.ncbi.nlm.nih.gov/pubmed/33250900
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7674951
https://dx.doi.org/10.1200/jco.19.02627
http://www.ncbi.nlm.nih.gov/pubmed/32167863
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7479759
https://dx.doi.org/10.1056/NEJMoa2108330
http://www.ncbi.nlm.nih.gov/pubmed/35045221
https://dx.doi.org/10.1200/jco.22.02152
http://www.ncbi.nlm.nih.gov/pubmed/37058687
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10414727
https://dx.doi.org/10.1158/2159-8290.cd-18-1218
http://www.ncbi.nlm.nih.gov/pubmed/31015319
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6548644
https://dx.doi.org/10.1016/j.ygyno.2022.02.025
http://www.ncbi.nlm.nih.gov/pubmed/35287967
https://dx.doi.org/10.1001/jamaoncol.2022.2181
http://www.ncbi.nlm.nih.gov/pubmed/35900726
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9335244
https://dx.doi.org/10.1056/nejmoa2216334
http://www.ncbi.nlm.nih.gov/pubmed/36972026
https://dx.doi.org/10.1016/j.annonc.2023.09.1919
https://www.onclive.com/view/overall-survival-in-patients-with-primary-advanced-or-recurrent-endometrial-cancer-treated-with-dostarlimab-plus-chemotherapy-in-part-1-of-the-engot-en6-nsgo-gog-3031-ruby-trial
https://www.onclive.com/view/overall-survival-in-patients-with-primary-advanced-or-recurrent-endometrial-cancer-treated-with-dostarlimab-plus-chemotherapy-in-part-1-of-the-engot-en6-nsgo-gog-3031-ruby-trial
https://dx.doi.org/10.1056/nejmoa2302312
http://www.ncbi.nlm.nih.gov/pubmed/36972022
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10351614
https://dx.doi.org/10.1016/j.annonc.2023.10.034
https://dx.doi.org/10.1136/ijgc-2024-ESGO.1115
https://dx.doi.org/10.1200/JCO.23.02132
http://www.ncbi.nlm.nih.gov/pubmed/37864337
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10824389
https://dx.doi.org/10.1136/jitc-2021-004233
http://www.ncbi.nlm.nih.gov/pubmed/35288469
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8921950
https://dx.doi.org/10.1016/S0090-8258(22)01791-7
https://dx.doi.org/10.1136/ijgc-2022-004039
http://www.ncbi.nlm.nih.gov/pubmed/36600534
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9811074
https://dx.doi.org/10.2147/dddt.s374672
http://www.ncbi.nlm.nih.gov/pubmed/36110399
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9470119
https://dx.doi.org/10.1056/NEJMoa1500596
http://www.ncbi.nlm.nih.gov/pubmed/26028255
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4481136
https://dx.doi.org/10.2174/0929867324666170804143706
http://www.ncbi.nlm.nih.gov/pubmed/28782469
https://dx.doi.org/10.3389/fcell.2020.00672
http://www.ncbi.nlm.nih.gov/pubmed/32793604
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7385189
https://dx.doi.org/10.1038/ncomms10501
http://www.ncbi.nlm.nih.gov/pubmed/26883990
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4757784
https://dx.doi.org/10.1007/s11864-020-00790-4
http://www.ncbi.nlm.nih.gov/pubmed/33025260

Martinez-Cannon et al. Cancer Drug Resist 2024;7:23 | https://dx.doi.org/10.20517/cdr.2023.120 Page 17 of 17

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

GBM. Oncoimmunology 2018;7:¢1466769. DOI PubMed PMC

Popovic A, Jaffee EM, Zaidi N. Emerging strategies for combination checkpoint modulators in cancer immunotherapy. J Clin Invest
2018;128:3209-18. DOI PubMed PMC

Buchbinder EI, Desai A. CTLA-4 and PD-1 pathways: similarities, differences, and implications of their inhibition. Am J Clin Oncol
2016;39:98-106. DOI PubMed PMC

Liu L, Wang A, Liu X, et al. Blocking TIGIT/CD155 signalling reverses CD8" T cell exhaustion and enhances the antitumor activity in
cervical cancer. J Transl Med 2022;20:280. DOI PubMed PMC

Cao W, Ma X, Fischer JV, Sun C, Kong B, Zhang Q. Immunotherapy in endometrial cancer: rationale, practice and perspectives.
Biomark Res 2021;9:49. DOI PubMed PMC

Friedrich M, Jasinski-Bergner S, Lazaridou MF, et al. Tumor-induced escape mechanisms and their association with resistance to
checkpoint inhibitor therapy. Cancer Immunol Immunother 2019;68:1689-700. DOI PubMed PMC

Friedman LA, Bullock TN, Sloan EA, Ring KL, Mills AM. MHC class I loss in endometrial carcinoma: a potential resistance
mechanism to immune checkpoint inhibition. Mod Pathol 2021;34:627-36. DOI PubMed

Wang J, Sanmamed MF, Datar I, et al. Fibrinogen-like protein 1 is a major immune inhibitory ligand of LAG-3. Cell 2019;176:334-47.
el2. DOI PubMed PMC

Kouo T, Huang L, Pucsek AB, et al. Galectin-3 shapes antitumor immune responses by suppressing CD8+ T cells via LAG-3 and
inhibiting expansion of plasmacytoid dendritic cells. Cancer Immunol Res 2015;3:412-23. DOl PubMed PMC

Zhang Y, Yang R, Xu C, et al. Analysis of the immune checkpoint lymphocyte activation gene-3 (LAG-3) in endometrial cancer: an
emerging target for immunotherapy. Pathol Res Pract 2022;236:153990. DOI PubMed

He Y, Cao J, Zhao C, Li X, Zhou C, Hirsch FR. TIM-3, a promising target for cancer immunotherapy. Onco Targets Ther
2018;11:7005-9. DOI PubMed PMC

Sauer N, Janicka N, Szlasa W, et al. TIM-3 as a promising target for cancer immunotherapy in a wide range of tumors. Cancer
Immunol Immunother 2023;72:3405-25. DOI PubMed PMC

Tang R, Acharya N, Subramanian A, et al. Tim-3 adapter protein Bat3 acts as an endogenous regulator of tolerogenic dendritic cell
function. Sci Immunol 2022;7:eabm0631. DOI PubMed PMC

Moore M, Ring KL, Mills AM. TIM-3 in endometrial carcinomas: an immunotherapeutic target expressed by mismatch repair-
deficient and intact cancers. Mod Pathol 2019;32:1168-79. DOI PubMed

Thomas SJ, Snowden JA, Zeidler MP, Danson SJ. The role of JAK/STAT signalling in the pathogenesis, prognosis and treatment of
solid tumours. BrJ Cancer 2015;113:365-71. DOI PubMed PMC

Ren Y, Zhang Y, Liu RZ, et al. JAK1 truncating mutations in gynecologic cancer define new role of cancer-associated protein tyrosine
kinase aberrations. Sci Rep 2013;3:3042. DOI PubMed PMC

Vesely MD, Kershaw MH, Schreiber RD, Smyth MJ. Natural innate and adaptive immunity to cancer. Annu Rev Immunol
2011;29:235-71. DOI PubMed

Albacker LA, Wu J, Smith P, et al. Loss of function JAK 1 mutations occur at high frequency in cancers with microsatellite instability
and are suggestive of immune evasion. PLoS One 2017;12:¢0176181. DOI PubMed PMC

Stelloo E, Versluis MA, Nijman HW, et al. Microsatellite instability derived JAK1 frameshift mutations are associated with tumor
immune evasion in endometrioid endometrial cancer. Oncotarget 2016;7:39885-93. DOI PubMed PMC

Dou Y, Kawaler EA, Cui Zhou D, et al; Clinical Proteomic Tumor Analysis Consortium. Proteogenomic characterization of
endometrial carcinoma. Cel/ 2020;180:729-48.¢26. DOI PubMed PMC

Pakish JB, Zhang Q, Chen Z, et al. Immune microenvironment in microsatellite-instable endometrial cancers: hereditary or sporadic
origin matters. Clin Cancer Res 2017;23:4473-81. DOI PubMed PMC

Bellone S, Roque DM, Siegel ER, et al. A phase 2 evaluation of pembrolizumab for recurrent Lynch-like versus sporadic endometrial
cancers with microsatellite instability. Cancer 2022;128:1206-18. DOI PubMed PMC

Tinker AV, Sabatier R, Gravina A, et al. 2022-RA-1198-ESGO Post hoc analysis of objective response rate by mismatch repair protein
dimer loss/mutation status in patients with mismatch repair deficient endometrial cancer treated with dostarlimab. Int J Gynecol
Cancer 2022;32:A414.1-4. DOI

Eskander RN, Sill M, Miller A, et al. LBA43 Updated response data and analysis of progression free survival by mechanism of
mismatch repair loss in endometrial cancer (EC) patients (pts) treated with pembrolizumab plus carboplatin/paclitaxel (CP) as
compared to CP plus placebo (PBO) in the NRG GYO018 trial. Ann Oncol 2023;34:S1284. DOI


https://dx.doi.org/10.1080/2162402x.2018.1466769
http://www.ncbi.nlm.nih.gov/pubmed/30221069
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6136875
https://dx.doi.org/10.1172/jci120775
http://www.ncbi.nlm.nih.gov/pubmed/30067248
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6063475
https://dx.doi.org/10.1097/coc.0000000000000239
http://www.ncbi.nlm.nih.gov/pubmed/26558876
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4892769
https://dx.doi.org/10.1186/s12967-022-03480-x
http://www.ncbi.nlm.nih.gov/pubmed/35729552
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9210727
https://dx.doi.org/10.1186/s40364-021-00301-z
http://www.ncbi.nlm.nih.gov/pubmed/34134781
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8207707
https://dx.doi.org/10.1007/s00262-019-02373-1
http://www.ncbi.nlm.nih.gov/pubmed/31375885
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11028168
https://dx.doi.org/10.1038/s41379-020-00682-w
http://www.ncbi.nlm.nih.gov/pubmed/33011747
https://dx.doi.org/10.1016/j.cell.2018.11.010
http://www.ncbi.nlm.nih.gov/pubmed/30580966
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6365968
https://dx.doi.org/10.1158/2326-6066.cir-14-0150
http://www.ncbi.nlm.nih.gov/pubmed/25691328
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4390508
https://dx.doi.org/10.1016/j.prp.2022.153990
http://www.ncbi.nlm.nih.gov/pubmed/35749914
https://dx.doi.org/10.2147/ott.s170385
http://www.ncbi.nlm.nih.gov/pubmed/30410357
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6198883
https://dx.doi.org/10.1007/s00262-023-03516-1
http://www.ncbi.nlm.nih.gov/pubmed/37567938
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10576709
https://dx.doi.org/10.1126/sciimmunol.abm0631
http://www.ncbi.nlm.nih.gov/pubmed/35275752
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9273260
https://dx.doi.org/10.1038/s41379-019-0251-7
http://www.ncbi.nlm.nih.gov/pubmed/30926882
https://dx.doi.org/10.1038/bjc.2015.233
http://www.ncbi.nlm.nih.gov/pubmed/26151455
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4522639
https://dx.doi.org/10.1038/srep03042
http://www.ncbi.nlm.nih.gov/pubmed/24154688
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3807107
https://dx.doi.org/10.1146/annurev-immunol-031210-101324
http://www.ncbi.nlm.nih.gov/pubmed/21219185
https://dx.doi.org/10.1371/journal.pone.0176181
http://www.ncbi.nlm.nih.gov/pubmed/29121062
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5679612
https://dx.doi.org/10.18632/oncotarget.9414
http://www.ncbi.nlm.nih.gov/pubmed/27213585
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5129978
https://dx.doi.org/10.1016/j.cell.2020.01.026
http://www.ncbi.nlm.nih.gov/pubmed/32059776
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7233456
https://dx.doi.org/10.1158/1078-0432.ccr-16-2655
http://www.ncbi.nlm.nih.gov/pubmed/28264871
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5540763
https://dx.doi.org/10.1002/cncr.34025
http://www.ncbi.nlm.nih.gov/pubmed/34875107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9465822
https://dx.doi.org/10.1136/ijgc-2022-ESGO.887
https://dx.doi.org/10.1016/j.annonc.2023.10.037

