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Abstract: Since endometrial cancers (ECs) are frequently TMB-H and MSI-H/dMMR tumors, this
element has provided the rationale for testing immune checkpoint inhibitors (ICIs), which have
recently emerged as a potential game-changer. However, several questions remain to be addressed,
including the identification of patients who may benefit from the addition of ICIs as well as those
who do not need immunotherapy. In the current paper, we provide an overview of the clinical
development of immunotherapy in advanced or recurrent EC, discussing the role of MMR and the
“elective affinities” between ICIs and this predictive biomarker in this setting.
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1. Introduction

Endometrial cancer (EC) represents an important cause of cancer-related death world-
wide, showing a 25% increase over the past decade and representing the most common
gynecological cancer in the developed world, as well as the only gynecological malignancy
with rising mortality [1]. Unfortunately, women with advanced or recurrent disease have
limited treatment options, and to tackle this unmet medical need, several hormonal treat-
ments, cytotoxic chemotherapies, and targeted therapies have been investigated over the
last decade [2,3]. Hormone therapy is the preferred initial treatment in case of low-grade
(grade 1 or 2) tumors, not rapidly growing, while six cycles of carboplatin and paclitaxel
given every three weeks are the current standard of care in advanced/recurrent disease,
being associated with a median progression-free survival (PFS) of approximately one year.
Immune checkpoint inhibitors (ICIs) have been tested in advanced or recurrent EC, with the
emergence of immunotherapy recently representing a breakthrough in previously treated
patients [4]. However, an important proportion of ECs receiving ICIs do not benefit from
immunotherapy due to several reasons, including DNA mismatch repair (MMR) status,
with the identification of biomarkers and elements able to predict as well as to impair
response to ICIs, which remains a fundamental issue in this setting [5,6].

The advent of genome sequencing has provided an unprecedented amount of infor-
mation in the landscape of EC [7]. In fact, several genetic alterations have been identified,
with PIK3CA and TP53 mutations that have been frequently observed in both serous and
endometrioid malignancies [8]. In particular, PIK3CA mutations have been highlighted in
approximately 50% of endometrioid tumors and 40% of serous ECs, while TP53 mutations
in 75 and 12% of endometrioid and serous tumors, respectively. In addition, the Cancer
Genome Atlas project has further defined the molecular scenario of EC, based on genomic,
proteomic, and transcriptomic data, and has identified four different subgroups of malig-
nancies: (1) polymerase (POLE)-mutant/ultra-mutated; (2) microsatellite instability-high
(MSI-H); (3) copy number low (CNL); and (4) copy number high (CNH) [9,10]. This molec-
ular classification has been shown to also have a predictive value, with some of these
subgroups—MMR-deficient and POLE-mutated tumors—having been reported to predict
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a lack of benefit from adjuvant chemotherapy; in addition, the molecular characterization
has a clear impact on the risk of stratification since, for example, all POLE-mutated tumors,
defined by the pathogenic mutation in the exonuclease domain of polymerase epsilon, are
considered low-risk malignancies, irrespective of stage and grade [11].

In the current paper, we provide an overview of the clinical development of im-
munotherapy in advanced or recurrent EC, discussing the role of MMR and the “elective
affinities” between ICIs and this predictive biomarker in this setting. We performed
research on PubMed/Medline, the Cochrane library and Scopus using the keywords “en-
dometrial cancer” OR “endometrial carcinoma” AND “immune checkpoint inhibitors” OR
“immunotherapy” OR “PD-1 inhibitor” OR “atezolizumab” OR “nivolumab” OR “durval-
umab” OR “pembrolizumab” OR “dostarlimab” OR “mismatch repair” OR “mismatch
repair proficient” OR “mismatch repair deficient”.

2. Endometrial Cancer and MMR

MMR deficiency (dMMR) has been reported in up to 30% of all ECs, something that
supports the routine test of MMR in all patients [12]. In approximately 90% of cases,
at least one MMR gene presents a somatic mutation, while in 10% of cases, germline
mutations are detected [13]. Since the MMR pathway corrects DNA replication errors that
lead to the incorporation of the wrong nucleotide as well as nucleotide insertions and/or
deletions, dMMR results in the accumulation of mutations and may lead to an MSI-H
phenotype [14]. Specifically, when at least one MMR protein is inactivated by epigenetic
changes, a malignancy is defined as dMMR. In addition, germline mutations in MMR
genes defines a condition called Lynch syndrome, a form of inherited dMMR accounting
for approximately 2% of ECs [15].

EC represents a particularly attractive target for checkpoint inhibitor-based treatment
for several reasons, and a strong biological rationale has supported the exploration of
immunotherapy in EC patients [16]. It is well known that, in physiological conditions,
checkpoint pathways prevent excessive T-cell activation that may result in loss of self-
tolerance [17]; for example, Programmed Cell Death Ligand 1 (PD-L1) and Cytotoxic T-
Lymphocyte Antigen 4 (CTLA-4) regulate the stimulation of the immune microenvironment.
Malignancies are able to adapt to these responses and to exploit checkpoint pathways to
promote tumor growth, and thus, ICIs can help to reactivate T-cell function, leading to
killing of the tumor cells [18]. In addition, tumor features play a key role in impacting
the responsiveness to ICIs. In fact, tumors with a high tumor mutational burden have
been suggested to be more responsive to immunotherapy; these tumors are classically
considered as immunologically “hot” and are infiltrated with cytotoxic cytokines and
tumor-infiltrating T cells (Figure 1) [19].

Conversely, immunologically “cold” tumors are characterized by a lack of tumor-
infiltrating lymphocytes and cytokines with cytotoxic activity. EC represents the solid tumor
with the greatest percentage of MSI-H/dMMR cases, ranging from 25 to 30%, according to
recent studies [20]. Since MSI-H/dMMR tumors carry from 10 to 100 times as many somatic
mutations compared with MMR-proficient (pMMR)/microsatellite stable (MSS) tumors, it
is readily apparent that this higher mutational burden may increase immune activity. In
addition, dMMR malignancies present prominent lymphocyte infiltrates, priming them
for immune-mediated activity. Based on these biological premises, the MSI-H/dMMR
phenotype has emerged as a predictive biomarker for checkpoint inhibitor therapy in
several malignancies, including EC [21].
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Figure 1. Schematic figure representing immunologically “cold” and “hot” tumors. Hot tumors are
infiltrated by CD8+ T cells and NK cells, while immunologically cold tumors lack these cells.

3. Immune Checkpoint Inhibitors Monotherapy

Several ICIs have been tested as monotherapy for EC patients, including the PD-L1
inhibitor avelumab, the PD-1 inhibitor pembrolizumab, the PD-L1 inhibitor durvalumab,
and the anti-PD-1 agent dostarlimab. Among these, pembrolizumab and dostarlimab have
been approved by regulatory agencies for MSI-H/dMMR patients.

Following preliminary data from an early-phase trial and a pooled analysis, the
anti-PD-1 agent pembrolizumab has been tested in the KEYNOTE-158 trial [22,23]. In
this open-label, multicohort, basket trial, the investigators enrolled 79 previously treated
patients with MSI-H EC; these patients received pembrolizumab 200 mg every three weeks,
and the primary endpoint of this trial was overall response rate (ORR) by independent-
central review, with the duration of response (DoR), PFS, overall survival (OS), and safety
also assessed as secondary endpoints [22,23]. A clinically meaningful ORR of 48% was
highlighted, with complete response and partial response detected in 11 (14%) and 27 (34%)
cases, respectively. In addition, a long duration of response was reported, with an estimated
DoR of 68% at three years. Regarding treatment-related adverse events, the safety profile
of pembrolizumab was consistent with previous literature studies, with all grade toxicities
and grade 3–4 events reported in 76 and 12% of EC patients, respectively [22,23]. Pruritus,
fatigue, and diarrhea were the most frequently observed all-grade toxicities (24, 32, and
16%, respectively). In terms of immune-mediated adverse events, hypothyroidism (14%)
and hyperthyroidism (8%) were the most common [22,23].

The PD-1 inhibitor dostarlimab was assessed in the GARNET trial [24,25]. This phase
I, single-arm study investigated the role of dostarlimab (TSR-042) in several tumor types,
including EC. The dMMR cohort (n = 103) included patients who had progressed on or after
platinum doublet therapy, and had received two or less than two prior lines of treatment for
recurrent or advanced disease. The ORR was 46% in dMMR EC, with complete response
and partial response observed in 10.7 and 34% of cases, respectively; the disease control
rate (DCR) was 59% [24,25]. In addition, the investigators explored the ORR according to
the number of prior lines of treatment. Interestingly, the ORR was higher in patients with
one prior line of therapy (50%, with complete response in 9.1% and partial response in
40.9% of cases) compared with ECs previously treated with at least two lines of treatment
(ORR of 35.9%, complete response and partial response of 12.8 and 23.1%, respectively).
The DCR was also higher in EC patients with one prior line (63.6 versus 46.2% for heavily
pretreated subjects) [24,25]. Overall, dostarlimab was well tolerated, with grade 3 or more
treatment-related adverse events observed in 13.5% of cases and all-grade toxicities in 9.5%.
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Diarrhea, fatigue, and nausea were the most frequently observed all-grade events (15.9,
13.5, and 12.7%, respectively). In terms of all-grade immune-mediated adverse events,
hypothyroidism (5.6%) and diarrhea (4.8%) were the most common [24,25]. There were
two (1%) reports of grade 3 or more treatment-related colitis, and no reports of grade 3 or
more pneumonitis. No deaths were attributed to dostarlimab.

Unfortunately, results regarding the role of ICIs monotherapy in pMMR/MSS ECs
have been different, and an overall limited activity has been observed. In fact, single-
agent pembrolizumab has shown an ORR of 11% in 107 pMMR EC patients enrolled
in the KEYNOTE-158 study [26,27]; similarly, the GARNET trial highlighted an ORR of
13% in pMMR EC. Activity has been even lower in two other clinical trials investigating
durvalumab and avelumab in the same patient population, observing a disappointing
ORR of 3 and 6%, respectively. At the same time, it is worth noting that a crucial point
would be the identification of more reliable predictors of response to ICI monotherapy.
For example, two exploratory analyses of KEYNOTE-158 and GARNET have provided
some interesting data regarding the role of tumor mutational burden (TMB) as a predictive
biomarker. Pembrolizumab reported high ORR in TMB-high (TMB-H) EC compared with
non-TMB-H tumors, with 10 mutations/megabase determined as the threshold for TMB-H
status. Similarly, TMB-H tumors reported higher response to dostarlimab in GARNET
(44.9 and 13.0% in TMB-H and TMB-low patients, respectively) [26,27]. Interestingly, in
TMB-H patients, the ORR was 44.8 and 45.5% in dMMR and pMMR ECs, respectively,
something that may suggest a comparable activity in these two groups. Thus, these data
provide interesting evidence regarding the role of MMR as a predictive biomarker in this
setting, that would certainly deserve further investigation, along with the role of TMB.

Beyond pembrolizumab and dostarlimab, other ICI monotherapies have been tested
for EC patients. Among these, a phase II trial assessed the activity of the PD-L1 inhibitor
durvalumab in pMMR tumors progressing after one to three lines of chemotherapy and
dMMR patients whose disease had progressed after zero to three lines of chemotherapy [28].
The ORR in the latter cohort was 47% (17/36), including six cases of complete responses
and 11 partial responses, versus 3% in pMMR patients. The median PFS in dMMR and
pMMR ECs was 8.3 months and 1.8 months, respectively. In another phase II trial, Kon-
stantinopoulos and colleagues explored the role of avelumab in pMMR and dMMR EC [29];
the first cohort was closed at the first stage due to futility, while the dMMR group met the
predefined primary endpoint of four objective responses after the accrual of 17 patients.

4. Immune-Based Combinations

With regard to combination therapies including ICIs, two areas are considered to
be of particular interest: the combinations of immunotherapy plus antiangiogenic agents
and those including ICIs with cytotoxic chemotherapy, since both combinations have the
potential to play a synergistic action [30,31].

The most important data regarding immune-based combinations with antiangiogenic
agents have been reported in the recently published KEYNOTE-775 phase III trial com-
paring the efficacy and safety of lenvatinib plus pembrolizumab versus the treatment of
the physician’s choice (paclitaxel or doxorubicin) in previously treated EC patients with
advanced, metastatic, or recurrent disease [32]. The primary endpoints of KEYNOTE-775
were PFS and OS, with ORR, health-related quality of life (HRQoL), and safety assessed
as secondary outcome measures. The study met its primary endpoints: the combination
of lenvatinib plus pembrolizumab was associated with a statistically significant and clin-
ically meaningful improvement in terms of PFS in pMMR and all-comers. In particular,
the median PFS was 6.6 months and 3.8 months in pMMR patients receiving lenvatinib–
pembrolizumab and chemotherapy, respectively (HR, 0.60; 95% CI, 0.5–0.72; p < 0.0001) [32].
These results were also mirrored in the all-comers treated with the immune-based combi-
nation, with a median PFS of 7.2 months (versus 3.8 months for chemotherapy; HR, 0.56;
95% CI, 0.47–0.66; p < 0.0001). Similarly, the combination reported a statistically significant
OS benefit for pMMR, with a median OS of 17.4 months and 12.0 months in EC patients



J. Clin. Med. 2022, 11, 3912 5 of 7

receiving lenvatinib–pembrolizumab and chemotherapy, respectively (HR, 0.68; 95% CI,
0.56–0.84; p < 0.0001) [32]. In addition, lenvatinib plus pembrolizumab showed its superior-
ity over doxorubicin or paclitaxel in terms of median OS in the all-comers (median OS of
18.3 months versus 11.4 months). An interesting exploratory analysis was conducted in the
dMMR patient population: in these ECs, an even higher PFS and OS benefit was reported.
In fact, the median PFS was 10.7 months and 3.7 months in dMMR patients receiving
lenvatinib plus pembrolizumab and the treatment of the physician’s choice, respectively
(HR, 0.36; 95% CI, 0.23–0.57; p < 0.0001). Similarly, the median OS was not reached in
dMMR ECs treated with the immune-based combination, while it was 8.6 months in those
receiving chemotherapy (HR, 0.37; 95% CI, 0.22–0.62; p < 0.0001). Of note, lenvatinib–
pembrolizumab reported an ORR of 40% in dMMR patients, with complete response and
partial response observed in 13.8 and 26.2%, respectively. In terms of safety, dose reductions
due to treatment-related adverse events were particularly common in the immune-based
combination arm (66.5 versus 12.9% in the chemotherapy group), and unfortunately, 33%
of patients experienced treatment discontinuation due to toxicities [32]. The results of the
ongoing phase III study, the ENGOT-en9/MK-7902-001/LEAP-001 trial, comparing pem-
brolizumab plus lenvatinib versus paclitaxel–carboplatin in newly diagnosed EC patients
are highly awaited, and will help to understand whether the immune-based combination
will be moved to the first-line setting. Enrollment started in April 2019 and the estimated
primary completion date is April 2023. The primary endpoints are PFS and OS. A key point
to consider is that, according to KEYNOTE-775, combination therapy not only improves
the response rate in pMMR, but also in dMMR—something that poses further questions on
the role of MMR as a predictor of response in this setting.

Another treatment strategy under development includes the combination of im-
munotherapy plus cytotoxic chemotherapy [33,34]. Among the ongoing clinical trials, the
ATTEND trial is randomly assigning EC patients to carboplatin–paclitaxel or atezolizumab
plus carboplatin–paclitaxel, followed by placebo or atezolizumab maintenance (Table 1).
The primary outcome measures are PFS and OS. Likewise, the NRG-GY018 is comparing
pembrolizumab plus carboplatin–paclitaxel versus carboplatin plus paclitaxel plus placebo
in patients with treatment-naïve, advanced, or recurrent EC, and the RUBY phase III study
is assessing dostarlimab plus chemotherapy.

Table 1. Some ongoing clinical trials assessing immunotherapy in endometrial cancer.

NCT ID Phase Treatment Arms

NCT03951415 II Durvalumab plus olaparib

NCT02912572 II Avelumab or avalumab plus
axitinib

NCT03603184 III Atezolizumab plus carboplatin plus paclitaxel
versus placebo plus carboplatin plus paclitaxel

NCT03835819 II Mirvetuximab Soravtansine (IMGN853)
plus pembrolizumab

5. Conclusions

As reported, ECs have a relatively high proportion of TMB-H and MSI-H/dMMR
tumors, something that has provided the rationale for the development of treatment with
ICIs. In recent years, the dMMR phenotype has emerged as a predictive biomarker for
immunotherapy, and ICIs such as pembrolizumab and dostarlimab have shown clinically
meaningful activity in dMMR EC patients as monotherapy. Conversely, the efficacy of
single-agent ICIs appears limited for pMMR tumors, and further efforts are needed to
identify the predictors of response in this setting. In addition, another important point
to highlight is related to Lynch genes and POLE/POLD1 mutations, since these genetic
aberrations have been suggested to be involved in the response to immunotherapy. Con-
versely, dMMR ECs may present DNA methylation or silencing of one of these genes, and
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frequently do not respond to ICIs. At the same time, since some pMMRs have also been
reported to benefit from ICIs, additional predictive biomarkers should be considered for
patient selection [35–37]. Thus, candidates for PD-1 blockade may extend beyond POLEm
and dMMR ECs; additional factors such as tumor grade and combination of TIL levels and
expression of checkpoint proteins may need to be considered for the optimization of treat-
ment. The immune-based combination of lenvatinib plus pembrolizumab has provided
potentially practice-changing results in previously treated patients, regardless of MMR
status, and several ongoing ICIs trials have the potential to continue to provide evidence to
further modify this treatment scenario, and to clarify the “elective affinities” between EC
immunotherapy and MMR.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [CrossRef] [PubMed]
2. Colombo, N.; Creutzberg, C.; Amant, F.; Bosse, T.; González-Martín, A.; Ledermann, J.; Marth, C.; Nout, R.A.; Querleu, D.;

Mirza, M.R.; et al. ESMO-ESGO-ESTRO consensus conference on endometrial cancer: Diagnosis, treatment and follow-up. Int. J.
Gynecol. Cancer 2016, 26, 2–30. [CrossRef] [PubMed]

3. Colombo, N.; Preti, E.; Landoni, F.; Carinelli, S.; Colombo, A.; Marini, C.; Sessa, C.; Colombo, N. Endometrial cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2013, 24 (Suppl. S6), vi33–vi38. [CrossRef]

4. Morice, P.; Leary, A.; Creutzberg, C.; Abu-Rustum, N.; Darai, E. Endometrial cancer. Lancet 2016, 387, 1094–1108. [CrossRef]
5. Concin, N.; Matias-Guiu, X.; Vergote, I.; Cibula, D.; Mirza, M.R.; Marnitz, S.; Ledermann, J.; Bosse, T.; Chargari, C.; Fagotti, A.; et al.

ESGO/ESTRO/ESP guidelines for the management of patients with endometrial carcinoma. Radiother. Oncol. 2021, 154, 327–353.
[CrossRef]

6. Marinelli, O.; Annibali, D.; Morelli, M.B.; Zeppa, L.; Tuyaerts, S.; Aguzzi, C.; Amantini, C.; Maggi, F.; Ferretti, B.; Santoni, G.; et al.
Biological function of PD-L2 and correlation with overall survival in type II endometrial cancer. Front. Oncol. 2020, 10, 538064.
[CrossRef] [PubMed]

7. Kim, J.; Kim, S.; Lee, H.S.; Yang, W.; Cho, H.; Chay, D.B.; Cho, S.J.; Hong, S.; Kim, J.-H. Prognostic implication of programmed cell
death 1 protein and its ligand expressions in endometrial cancer. Gynecol. Oncol. 2018, 149, 381–387. [CrossRef]

8. Albertini, A.-F.; Devouassoux-Shisheboran, M.; Genestie, C. Anatomopathologie des cancers de l’endomètre. Bull. Cancer 2012,
99, 7–12. [CrossRef]

9. Kandoth, C.; Schultz, N.; Cherniack, A.D.; Akbani, R.; Liu, Y.; Shen, H.; Robertson, A.G.; Pashtan, I.; Shen, R.; Cancer Genome
Atlas Research Network; et al. Integrated genomic characterization of endometrial carcinoma. Nature 2013, 497, 67–73.

10. Genestie, C.; Leary, A.; Devouassoux, M.; Auguste, A. Classification histologique et moléculaire des cancers de l’endomètre et
leurs implications dans la thérapeutique. Bull. Cancer 2017, 104, 1001–1012. [CrossRef]

11. Van Gool, I.C.; Eggink, F.A.; Freeman-Mills, L.; Stelloo, E.; Marchi, E.; de Bruyn, M.; Palles, C.; Nout, R.A.; de Kroon, C.D.;
Osse, E.M.; et al. POLE proofreading mutations elicit an antitumor immune response in endometrial cancer. Clin. Cancer Res.
2015, 21, 3347–3355. [CrossRef] [PubMed]

12. Vanderstraeten, A.; Tuyaerts, S.; Amant, F. The immune system in the normal endometrium and implications for endometrial
cancer development. J. Reprod. Immunol. 2015, 109, 7–16. [CrossRef] [PubMed]

13. Willvonseder, B.; Stögbauer, F.; Steiger, K.; Jesinghaus, M.; Kuhn, P.-H.; Brambs, C.; Engel, J.; Bronger, H.; Schmidt, G.P.;
Haller, B.; et al. The immunologic tumor microenvironment in endometrioid endometrial cancer in the morphomolecular context:
Mutual correlations and prognostic impact depending on molecular alterations. Cancer Immunol. Immunother. 2020, 70, 1679–1689.
[CrossRef] [PubMed]

14. Murali, R.; Delair, D.F.; Bean, S.M.; Abu-Rustum, N.R.; Soslow, R.A. Evolving roles of histologic evaluation and molecu-
lar/genomic profiling in the management of endometrial cancer. J. Natl. Compr. Canc. Netw. 2018, 16, 201–209. [CrossRef]
[PubMed]

15. Howitt, B.E.; Shukla, S.A.; Sholl, L.M.; Ritterhouse, L.L.; Watkins, J.C.; Rodig, S.J.; Stover, E.H.; Strickland, K.; D’Andrea, A.D.; Wu,
C.J.; 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, 1319–1323. [CrossRef]

16. Talhouk, A.; DeRocher, H.; Schmidt, P.; Leung, S.; Milne, K.; Gilks, C.B.; Anglesio, M.S.; Nelson, B.H.; McAlpine, J.N. Molecular
subtype not immune response drives outcomes in endometrial carcinoma. Clin. Cancer Res. 2019, 25, 2537–2548. [CrossRef]

http://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
http://doi.org/10.1097/IGC.0000000000000609
http://www.ncbi.nlm.nih.gov/pubmed/26645990
http://doi.org/10.1093/annonc/mdt353
http://doi.org/10.1016/S0140-6736(15)00130-0
http://doi.org/10.1016/j.radonc.2020.11.018
http://doi.org/10.3389/fonc.2020.538064
http://www.ncbi.nlm.nih.gov/pubmed/33194598
http://doi.org/10.1016/j.ygyno.2018.02.013
http://doi.org/10.1684/bdc.2011.1526
http://doi.org/10.1016/j.bulcan.2017.08.004
http://doi.org/10.1158/1078-0432.CCR-15-0057
http://www.ncbi.nlm.nih.gov/pubmed/25878334
http://doi.org/10.1016/j.jri.2014.12.006
http://www.ncbi.nlm.nih.gov/pubmed/25613542
http://doi.org/10.1007/s00262-020-02813-3
http://www.ncbi.nlm.nih.gov/pubmed/33340331
http://doi.org/10.6004/jnccn.2017.7066
http://www.ncbi.nlm.nih.gov/pubmed/29439179
http://doi.org/10.1001/jamaoncol.2015.2151
http://doi.org/10.1158/1078-0432.CCR-18-3241


J. Clin. Med. 2022, 11, 3912 7 of 7

17. Boussiotis, V.A.; Chatterjee, P.; Li, L. Biochemical signaling of PD-1 on T cells and its functional implications. Cancer J. 2014, 20,
265–271. [CrossRef]

18. Taube, J.M.; Klein, A.; Brahmer, J.R.; Xu, H.; Pan, X.; Kim, J.H.; Chen, L.; Pardoll, D.M.; Topalian, S.L.; Anders, R.A. Association of
PD-1, PD-1 ligands, and other features of the tumor immune microenvironment with response to anti–PD-1 therapy. Clin. Cancer
Res. 2014, 20, 5064–5074. [CrossRef]

19. Brahmer, J.R.; Tykodi, S.S.; Chow, L.Q.M.; Hwu, W.-J.; Topalian, S.L.; Hwu, P.; Drake, C.G.; Camacho, L.H.; Kauh, J.;
Odunsi, K.; et al. Safety and activity of anti–PD-L1 antibody in patients with advanced cancer. N. Engl. J. Med. 2012, 366,
2455–2465. [CrossRef]

20. Vanderstraeten, A.; Luyten, C.; Verbist, G.; Tuyaerts, S.; Amant, F. Mapping the immunosuppressive environment in uterine
tumors: Implications for immunotherapy. Cancer Immunol. Immunother. 2014, 63, 545–557. [CrossRef]

21. Piulats, J.M.; Guerra, E.; Gil-Martín, M.; Roman-Canal, B.; Gatius, S.; Sanz-Pamplona, R.; Velasco, A.; Vidal, A.; Matias-Guiu, X.
Molecular approaches for classifying endometrial carcinoma. Gynecol. Oncol. 2017, 145, 200–207. [CrossRef] [PubMed]

22. Marabelle, A.; Le, D.T.; Ascierto, P.A.; Di Giacomo, A.M.; De Jesus-Acosta, A.; Delord, J.-P.; Geva, R.; Gottfried, M.; Penel, N.;
Hansen, A.R.; et al. Efficacy of pembrolizumab in patients with noncolorectal high microsatellite instability/mismatch repair—
Deficient cancer: Results from the phase II KEYNOTE-158 study. J. Clin. Oncol. 2019, 38, 1–10. [CrossRef] [PubMed]

23. O’Malley, D.; Marabelle, A.; De Jesus-Acosta, A.; Piha-Paul, S.; Arkhipov, A.; Longo, F.; Motola-Kuba, D.; Shapira-Frommer, R.;
Geva, R.; Rimel, B.; et al. Pembrolizumab in patients with MSI-H advanced endometrial cancer from the KEYNOTE-158 study.
Ann. Oncol. 2019, 30, v425–v426. [CrossRef]

24. Oaknin, A.; Tinker, A.V.; Gilbert, L.; Samouëlian, V.; Mathews, C.; Brown, J.; Barretina-Ginesta, M.-P.; Moreno, V.; Gravina, A.;
Abdeddaim, C.; et al. Clinical activity and safety of the anti–programmed death 1 monoclonal antibody dostarlimab for patients
with recurrent or advanced mismatch repair–deficient endometrial cancer: A nonrandomized phase 1 clinical trial. JAMA Oncol.
2020, 6, 1766–1772. [CrossRef] [PubMed]

25. Oaknin, A.; Gilbert, L.; Tinker, A.; Sabatier, R.; Boni, V.; O’Malley, D.; Ghamande, S.; Duska, L.; Ghatage, P.; Guo, W.; et al. LBA36
Safety and antitumor activity of dostarlimab in patients (pts) with advanced or recurrent DNA mismatch repair deficient (dMMR)
or proficient (MMRp) endometrial cancer (EC): Results from GARNET. Ann. Oncol. 2020, 31, S1166. [CrossRef]

26. Redondo, A.; Gallego, A.; Mendiola, M. Dostarlimab for the treatment of advanced endometrial cancer. Expert Rev. Clin. Pharmacol.
2022, 15, 1–9. [CrossRef] [PubMed]

27. Park, U.B.; Jeong, T.J.; Gu, N.; Lee, H.T.; Heo, Y.S. Molecular basis of PD-1 blockade by dostarlimab, the FDA-approved antibody
for cancer immunotherapy. Biochem. Biophys. Res. Commun. 2022, 599, 31–37. [CrossRef]

28. Antill, Y.; Kok, P.S.; Robledo, K.; Yip, S.; Cummins, M.; Smith, D.; Spurdle, A.; Barnes, E.; Lee, Y.C.; Friedlander, M.; et al.
Clinical activity of durvalumab for patients with advanced mismatch repair-deficient and repair-proficient endometrial cancer.
A nonrandomized phase 2 clinical trial. J. Immunother. Cancer 2021, 9, e002255. [CrossRef]

29. Konstantinopoulos, P.A.; Luo, W.; Liu, J.F.; Gulhan, D.C.; Krasner, C.; Ishizuka, J.J.; Gockley, A.A.; Buss, M.; Growdon, W.B.;
Crowe, H.; et al. Phase II study of avelumab in patients with mismatch repair deficient and mismatch repair proficient
recurrent/persistent endometrial cancer. J. Clin. Oncol. 2019, 30, 2786–2794. [CrossRef]

30. Musacchio, L.; Boccia, S.M.; Caruso, G.; Santangelo, G.; Fischetti, M.; Tomao, F.; Perniola, G.; Palaia, I.; Muzii, L.; Pignata, S.; et al.
Immune checkpoint inhibitors: A promising choice for endometrial cancer patients? J. Clin. Med. 2020, 9, 1721. [CrossRef]

31. Rizzo, A.; Ricci, A.D. PD-L1, TMB, and other potential predictors of response to immunotherapy for hepatocellular carcinoma:
How can they assist drug clinical trials? Expert Opin. Investig. Drugs 2022, 31, 415–423. [CrossRef] [PubMed]

32. Makker, V.; Colombo, N.; Casado Herráez, A.; Santin, A.D.; Colomba, E.; Miller, D.S.; Fujiwara, K.; Pignata, S.; Baron-Hay, S.;
Ray-Coquard, I.; et al. Lenvatinib plus pembrolizumab for advanced endometrial cancer. N. Engl. J. Med. 2022, 386, 437–448.
[CrossRef]

33. Cao, W.; Ma, X.; Fischer, J.V.; Sun, C.; Kong, B.; Zhang, Q. Immunotherapy in endometrial cancer: Rationale, practice and
perspectives. Biomark. Res. 2021, 9, 49. [CrossRef] [PubMed]

34. Urick, M.E.; Bell, D.W. Clinical actionability of molecular targets in endometrial cancer. Nat. Rev. Cancer 2019, 19, 510–521.
[CrossRef] [PubMed]

35. Dong, D.; Lei, H.; Liu, D.; Bai, H.; Yang, Y.; Tang, B.; Li, K.; Liu, J.; Xu, G.; Xiao, X. POLE and mismatch repair status,
checkpoint proteins and tumor-infiltrating lymphocytes in combination, and tumor differentiation: Identify endometrial cancers
for immunotherapy. Front. Oncol. 2021, 11, 640018. [CrossRef]

36. Antill, Y.; Buchanan, D.D.; Scott, C.L. Mismatch repair and clinical response to immune checkpoint inhibitors in endometrial
cancer. Cancer 2022, 128, 1157–1161. [CrossRef] [PubMed]

37. Bellone, S.; Roque, D.M.; Siegel, E.R.; Buza, N.; Hui, P.; Bonazzoli, E.; Guglielmi, A.; Zammataro, L.; Nagarkatti, N.; Zaidi, S.; et al.
A phase 2 evaluation of pembrolizumab for recurrent Lynch-like versus sporadic endometrial cancers with microsatellite
instability. Cancer 2022, 128, 1206–1218. [CrossRef]

http://doi.org/10.1097/PPO.0000000000000059
http://doi.org/10.1158/1078-0432.CCR-13-3271
http://doi.org/10.1056/NEJMoa1200694
http://doi.org/10.1007/s00262-014-1537-8
http://doi.org/10.1016/j.ygyno.2016.12.015
http://www.ncbi.nlm.nih.gov/pubmed/28040204
http://doi.org/10.1200/JCO.19.02105
http://www.ncbi.nlm.nih.gov/pubmed/31682550
http://doi.org/10.1093/annonc/mdz250.052
http://doi.org/10.1001/jamaoncol.2020.4515
http://www.ncbi.nlm.nih.gov/pubmed/33001143
http://doi.org/10.1016/j.annonc.2020.08.2266
http://doi.org/10.1080/17512433.2022.2044791
http://www.ncbi.nlm.nih.gov/pubmed/35184615
http://doi.org/10.1016/j.bbrc.2022.02.026
http://doi.org/10.1136/jitc-2020-002255
http://doi.org/10.1200/JCO.19.01021
http://doi.org/10.3390/jcm9061721
http://doi.org/10.1080/13543784.2021.1972969
http://www.ncbi.nlm.nih.gov/pubmed/34429006
http://doi.org/10.1056/NEJMoa2108330
http://doi.org/10.1186/s40364-021-00301-z
http://www.ncbi.nlm.nih.gov/pubmed/34134781
http://doi.org/10.1038/s41568-019-0177-x
http://www.ncbi.nlm.nih.gov/pubmed/31388127
http://doi.org/10.3389/fonc.2021.640018
http://doi.org/10.1002/cncr.34024
http://www.ncbi.nlm.nih.gov/pubmed/34875102
http://doi.org/10.1002/cncr.34025

	Introduction 
	Endometrial Cancer and MMR 
	Immune Checkpoint Inhibitors Monotherapy 
	Immune-Based Combinations 
	Conclusions 
	References

