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Abstract

Endometrial cancer is now the leading cause of gynecologic cancer death in the United States. Recognizing the urgent need to
improve outcomes for patients diagnosed with endometrial cancer, the National Cancer Institute Gynecologic Cancer Steering
Committee convened a clinical trials planning meeting, Refining the Approach to Endometrial Cancer in the Immunotherapy Era, on
January 8 and 9, 2024. Multidisciplinary experts were charged with addressing critical challenges to optimize treatment of endome-
trial cancer in the new immunotherapy landscape. As part of the clinical trials planning meeting, working groups were assembled to
address several important aspects of clinical trial design. Working group 1 focused on translational science and was tasked with
reviewing the scientific literature for data on validated discriminants of response to immunotherapy to inform trial concept develop-
ment by the therapy-focused groups. The working group established that molecular subtyping of endometrial cancer is now the
standard approach for classifying endometrial tumors. Molecular subtyping for prognostic and predictive applications should be con-
sidered when assessing biomarkers as well as therapeutic targets. Additionally, strategies to improve immune response like incorpo-
ration of radiation as well as therapy sequencing considerations should continue to be explored. A major key observation from work-
ing group 1 was lack of validated discriminants for immunotherapy response beyond mismatch repair status, and tumor mutational
burden and exploration of additional discriminants of response and resistance will be critical with the increasing use of immuno-
therapy in endometrial cancer.

Background

Endometrial cancer has overtaken ovarian cancer to become the
gynecologic cancer with the most deaths in the United States in
2025.* This disease has seen an alarming increase in incidence
and mortality, as well as a widening racial disparity gap, result-
ing in a critical need for improved risk stratification and

therapeutic strategies.» Furthermore, endometrial cancer is the
only cancer to have decreased survival over the past 4 decades in
the United States.® Despite these trends, endometrial cancer
ranked 24th in National Cancer Institute research funding.* It is
imperative that we increase awareness and funding of this dis-
ease to help develop novel therapeutic strategies and a better

Received: January 9, 2025. Revised: January 30, 2025. Accepted: March 26, 2025

© The Author(s) 2025. Published by Oxford University Press. All rights reserved. For commercial re-use, please contact reprints@oup.com for reprints and
translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for

further information please contact journals.permissions@oup.com.


https://orcid.org/0009-0003-1056-9938
https://orcid.org/0000-0002-0094-0161
https://orcid.org/0000-0001-6431-4074
https://orcid.org/0000-0003-2830-5116
https://orcid.org/0000-0003-4262-7824
https://orcid.org/0000-0002-1032-1479
https://orcid.org/0000-0002-2174-3693
https://orcid.org/0000-0002-8631-9762

JNCI: Journal of the National Cancer Institute, 2025, Vol. 117, No.9 | 1775

understanding of mechanisms of treatment resistance in endo-
metrial cancer to improve outcomes. There is specific need for
predictive biomarkers to select patients and therapies to opti-
mize outcomes and minimize unnecessary toxicities particularly
with the recent practice changing data from the NRG-GY018° and
RUBY® clinical trials leading to the approval of immune check-
point inhibitors for the treatment of advanced or recurrent endo-
metrial cancer. Additionally, regimens for patients with primary
or acquired resistance to immunotherapy will need to be identi-
fied.

Clinical trial planning meeting in
endometrial cancer

Recognizing the urgent need to improve outcomes for patients
diagnosed with endometrial cancer, the National Cancer
Institute Gynecologic Cancer Steering Committee convened a
clinical trials planning meeting, Refining the Approach to
Endometrial Cancer in the Immunotherapy Era, on January 8 and
9, 2024.” Multidisciplinary experts were charged with addressing
critical challenges to optimize treatment of endometrial cancer
in the new immunotherapy landscape (Figure 1).

The full clinical trials planning meeting report will be pre-
sented separately; here we present a report from working group
1. Working group 1 focused on translational science and was
tasked with reviewing the scientific literature for data on vali-
dated discriminants of response to immunotherapy to inform
trial concept development by the therapy-focused groups (work-
ing groups 2-4). Accumulating evidence indicates that immune
conditions in the tumor microenvironment has clinical impact
on treatment efficacy and disease outcomes in endometrial can-
cer. To date, established biomarkers to select patients with endo-
metrial cancer for immunotherapy include mismatch repair
status and tumor mutational burden. The value of programmed
cell death 1ligand 1 (PD-L1) expression as a predictive biomarker
in endometrial cancer is limited, and recent recommendations
from the Society for Immunotherapy of Cancer advise against
using PD-L1 expression to guide treatment for endometrial can-
cer.® Heterogenous responses and the emergence of resistance to
immunotherapy among patients who have mismatch repair defi-
ciency and/or microsatellite instability or tumor mutational bur-
den high tumors demonstrate the need for continued work to
identify other biomarkers to guide treatment. Here we present a
summary of key observations and priorities identified by working
group 1 to advance clinical research and improve outcomes for
patients with endometrial cancer (Figure 2).

Molecular classification

Molecular classification and immunotherapy

Molecular classification of endometrial cancer has substantially
impacted clinical practice and treatment recommendations and
has now been incorporated into clinical trial designs. Analyses of
The Cancer Genome Atlas (TCGA) data identified 4 molecular
classes: POLE (ultramutated), MSI (hypermutated), copy-number
low (endometrioid like), and copy-number high (serous like).
Recognizing that the methods and bioinformatics used in TCGA
are not clinically accessible, working group 1 felt that the
Proactive Molecular Risk Classifier for Endometrial Cancer
(ProMisE) model currently provides the most clinically accessible
testing application to date.’® The ProMisE model overcomes the
technical and bioinformatic challenges of the original TCGA clas-
sification by capitalizing on key observations from the TCGA. For
the ProMisE model, the classification POLE status can be achieved

either by a next-generation sequencing panel or directed POLE
gene sequencing followed by mismatch repair immunohisto-
chemistry or microsatellite instability testing. A key observation
from TCGA was an enrichment in TP53 mutations in the copy-
number high group, and thus, abnormal p53 immunohistochem-
istry or identification of a TP53 mutation is used as the final hier-
archical step in ProMisE to assign tumors to either the copy-
number high (mutated p53 staining or TP53 mutation) or copy-
number low (TP53/p53 wild-type) groups. Those tumors without
a pathogenic POLE mutation that are mismatch repair proficient
and with normal p53/TP53 wild-type are termed “no specific
molecular profile,” which are analogous to the copy-number low
group. Importantly, TP53 status is considered the last step in
hierarchical molecular classification for both prognostic and pre-
dictive counseling behind POLE and mismatch repair status'*
because TP53 mutations can be seen in these molecular groups,
particularly in the context of ultramutated and hypermutated
tumors (multiple classifier tumors). Notably, beyond prognostic
implications, these molecular classifications have been recog-
nized as predictive for therapeutic decision making with immu-
notherapy in microsatellite instability tumors or those with
mismatch repair deficiency. Importantly, despite the molecular
classes in TCGA and ProMisE overlapping, there are distinctions,
and attempts at consistent and correct nomenclature based on
methods should be used. For instance, the commonly used
ProMisE nomenclature (POLEmut, mismatch repair deficiency,
p53abn, and no specific molecular profile) should be used when
referring to endometrial cancers classified with ProMisE instead
of TCGA nomenclature particularly regarding copy-number high
and copy-number low because copy-number status is not
assessed as part of the ProMisE classification.

Further subdivision of endometrial cancers and exploration
by additional therapeutic targets (eg, HER2 expression®*™%) or
within molecular subtypes based on prognostic and/or predictive
markers (eg, estrogen receptor expression'® or MLH1 methylation
status™®*®) should continue to be considered as well. For exam-
ple, HER2,*'? as an important therapeutic target that has also
demonstrated prognostic application’® as well in endometrial
cancer, was demonstrated in the DESTINY-PanTumor-02
(NCT04482309) trial,** which assessed the activity of a HER2-
targeting antibody-drug conjugate trastuzumab deruxtecan and
demonstrated an impressive 57.5% response rate in recurrent
endometrial cancer with HER2 2+ or 3+ immunohistochemistry.
Overall, the 4 main molecular classes as well as other therapeu-
tic targets like HER2 present an opportunity to refine cohort
selection in clinical trial design, as illustrated by recent studies
(HER2 [NRG-GY026, NCT05256225]) and mismatch repair status
(NRG-GY020, NCT04214067, and NRG-GY025, NCT05112601) and
is expected to increasingly inform treatment recommendations.

Considerations by molecular subtype

Mismatch repair deficient and microsatellite instability

The molecular class that has had the most clinical implications
from a treatment perspective to date is the mismatch
repair deficiency or microsatellite instability group. Assessment
of mismatch repair status was initially implemented for Lynch
syndrome screening in endometrial
Immunohistochemistry to assess mismatch repair expression as
well as DNA-based microsatellite testing methods have been
established for Lynch syndrome screening as well as biomarker
status for immunotherapy although discordance between meth-
ods can occur.’ The mismatch repair deficiency and/or microsa-
tellite instability and POLE-mutated tumors have high tumor

cancer.
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* ldentifying characteristics that are associated with magnitude of benefit from immunotherapy through

analysis of preclinical and translational literature

* Developing treatment strategies for patient subgroups based on molecular and clinical characteristics

* Examining immunotherapy sequencing and timing across the EC life cycle

* Exploring combinations with which to optimize initial exposure and/or with which to reengage the
immune system for second benefit from immunotherapy

* Promoting clinical trial designs to enhance access to the broadest population of EC patients

Figure 1. National Cancer Institute 2024 Clinical Trials Planning Meeting in endometrial cancer objectives. Abbreviation: EC = endometrial cancer.

Molecular subgrouping should be considered in clinical trial design.

* Appropriate nomenclature and definitions for molecular groups should continue to be prioritized.
* The ProMisk model has the greatest clinical applicability to date.

« Within the four molecular subtypes further subclassification should be considered.

* E.g.,HER2, Estrogen Receptor, MLH1methylation

* EC specific definitions of biomarkers are necessary.

* E.g., Estrogen Receptor Expression positivity threshold and homologous recombination deficiency

There are limited predictive biomarkers identified in EC response to immune checkpoint blockade.

* MMR status and TMB remain the established predictive biomarkers.

* Thereis an urgent need for additional predictive biomarkers.

* There remains need to understand microenvironmental features like immune infiltrate differences in EC.

There remains a critical need for EC specific data regarding resistance mechanisms to immune checkpoint blockade.

Additional strategies to enhance tumor immunity warrant continued evaluation.
* Exploration of multi-agent approaches, multi-modality therapies, impact of radiation as well as therapeutic
sequencing considerations should continue to be addressed.

Figure 2. Highest priority observations and recommendations from working group 1. Abbreviations: EC = endometrial cancer; MMR = mismatch repair;
ProMisE = Proactive Molecular Risk Classifier for Endometrial Cancer; TMB = tumor mutational burden.

mutational burdens and derive the most benefit to immunother-
apy. Recent positive data from 2 pivotal trials,>® RUBY
(NCT03981796) and NRG-GY018 (NCT03914612), which incorpo-
rated anti-PD-1 agents with chemotherapy in metastatic and
recurrent endometrial cancer and led to US Food and Drug
Administration approval and increased immune checkpoint
blockade use. However, there remains a need for novel strategies
for patients whose tumors demonstrate primary or acquired
resistance while on immunotherapy, including 40% of mismatch
repair deficiency and 70% of mismatch repair proficient patient’s
tumors observed in these trials. Potential causes for immuno-
therapy resistance in the mismatch repair deficiency group are
proposed to include low neo-antigen presentation, multiple
immune checkpoints at play, and/or immune cell-driven immu-
nosuppression.”’ Strategies to augment immune response to
overcome resistance will become increasingly important as the
use of immunotherapy increases as will improved upfront bio-
markers to identify those individuals who may or may not benefit
to immunotherapy.

Conversely, there also may be an opportunity to modify treat-
ment for the mismatch repair deficiency group. In the highly
publicized study of 12 patients from Cercek and colleagues,®* all
12 patients who received single agent neoadjuvant dostarlimab
for their locally advanced rectal cancer had a complete clinical
response. This led to elimination of definitive surgical interven-
tion for some; long-term safety and efficacy for those patients
are pending. The use of immunotherapy-alone approaches may

mitigate some of the toxicity of traditional oncologic therapies
although at the cost of immune-associated toxicities for some.
This strategy of an immunotherapy alone approach may expand
opportunities for fertility preservation or for treatment in non-
surgical candidates in endometrial cancer. Neoadjuvant
approaches may also have the potential to prime the immune
system with intact tumors and lymphatics as a strategy to
enhance antitumor immunity as recently reported by Eerkens
and team.”” In this phase 1 study, 10 women with mismatch
repair deficiency endometrial cancer were safely treated with 2
cycles of pembrolizumab and had 50% pathologic and 37.5%
radiographic response.

Notably, early data suggest that molecular mechanisms asso-
ciated with response to anti-PD-1 therapy may differ in epige-
netic vs mutational mismatch repair deficiency.?® Epigenetic
silencing of MLH1 is the most common mechanism for mismatch
repair deficiency function in endometrial cancer, making up
75%-80% of mismatch repair deficiency cases.'®?"?* The remain-
der come from somatic and germline mismatch repair gene
mutations.”® Multiple cohorts'”** have shown that there is a
statistically significant prognostic difference with reduced
progression-free survival associated with MLH1 methylated mis-
match repair deficiency. Emerging data also suggest that differ-
ential immune milieus in tumors with an epigenetic cause of
mismatch repair deficiency, characterized by natural killer (NK)
cell drivers, with T-cell-driven immunity seemingly more com-
mon in mutationally driven mismatch repair deficiency.”® The
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mechanisms behind the worse prognosis of MLH1 methylation,
and somewhat reduced responses to immunotherapy, have not
been uncovered, and further discriminants of response will
require continued exploration across mismatch repair deficiency
tumors. Data from the Garnet study,’® as well as GY018,* sug-
gest that regardless of MLH1 status, major benefit is observed.
Although not statistically different, it is notable that in GY018,
progression-free survival at 12 months was 85% vs 75% in MLH1
nonmethylated vs methylated cases.?”” This should remain an
area of continued investigation.

JAK1, downstream of IL-6 and other immunomodulators, has
been shown to be associated with immunoresistance in mela-
noma, lung cancer and mismatch repair deficient colon can-
cer.®®?® JAK1 frameshift mutations are prevalent in 14% of
endometrial cancers, with higher rates noted in mismatch repair
deficiency tumors (35%).2>*° More frequent JAK1 mutations have
been observed in recurrent vs newly diagnosed tumors, with
some suggesting that JAKI mutations may allow immune escape
promoting endometrial cancer outgrowth via abrogation of
interferon-gamma signaling.?>*%*' However, available data from
small studies on whether JAK1 mutations confer resistance to
immune checkpoint blockade are conflicting?®** and may not be
tumor agnostic. Interestingly, Chow et al.** reported that pre-
treatment JAK1 mutations did not seem to confer primary resist-
ance; rather, acquired mutations in JAK1 following
pembrolizumab administration seemed to lead to resistance.

TP53 mutated and/or copy-number high

TP53 mutational status, determined by sequencing or inferred by
altered immunohistochemical staining, defines a clinically
accessible method to identify the TCGA copy-number high group,
which has traditionally been considered less immunogenic than
other molecular groups.®'° Tumors in the TP53-mutated (copy-
number high) molecular class typically are mismatch repair pro-
ficient (95%) and may include HER2 amplification, PPP2R1A
(25%), PIK3CA (35%), CDKN2A, LRP1B, FBXW7, SPOP, CHD4, TAF1
and focal amplifications of MYC, ERRB2, and CCNE1.9.>2 CCNE1
amplification particularly has been associated with chemother-
apy resistance and worse overall survival in uterine serous carci-
nomas and other tumor types;**** however, the role of CCNE1 as
a therapeutic target has yet to be established.***®

Homologous recombination deficiency and poly(ADP-
ribose) polymerase (PARP) inhibitors

A homologous recombination deficiency phenotype has been nei-
ther reliably defined nor validated in endometrial cancer; it has
been recognized that assays vary, and results are disease-site
specific.’’ Some suggest an association with TP53-mutated
tumors as a result of the frequent copy-number alterations. Lin
and colleagues®® reported that, using ovarian cancer homologous
recombination deficiency scoring in endometrial cancer from
Foundation Medicine, 22% of 2159 serous endometrial cancer
patient tumors analyzed could be classified as loss of hetero-
zygosity high. Loss of heterozygosity has been used alone or with
other genomic findings such as large-scale state transitions and
telomeric allelic imbalance in assigning genomic instability
scores. Homologous recombination deficiency gene mutations
(BRCA1, BRCA2) were enriched in the homologous recombination
deficiency group; however, these were present in only 23% of the
homologous recombination deficiency cases, suggesting that
other mechanisms may be involved. This remains an area requir-
ing careful continued investigation. Data on the use of PARP

inhibitors in endometrial cancer continue to evolve, absent a
validated selection biomarker.??-4*

Targeting TP53 and p53 and/or MDM2

The majority of TP53 mutations in this TP53-mutated copy-
number high tumor class are missense mutations and fall within
the DNA-binding domain.”*? It is possible that loss of function
and gain of function mutations are different in endometrial can-
cer, and further refinement based on type of mutation is needed
and should remain an area of active investigation in endometrial
cancer. It is appealing to consider agents with novel mechanisms
for this high-risk group, such as reactivation of wild-type p53
function or MDM-2 inhibition.***

HER2

HER2 amplification or overexpression is most common in the
TP53-mutated molecular class of endometrial cancer, occurring
in up to 35% of serous and 12%-15% of carcinosarcoma endome-
trial cancer patients’s tumors.'*** HER2 has become increasingly
important for therapeutic and prognostic management of endo-
metrial cancer. Preliminary data from a small, randomized phase
2 trial> showed progression-free survival and overall survival
benefit of the use of trastuzumab, and recent data show benefit
of trastuzumab deruxtecan in a single-arm phase 2 study.**
Further studies are ongoing, including testing the benefit of tras-
tuzumab alone in a definitive phase 3 study vs the benefit of the
fixed dose trastuzumab and pertuzumab combination (NRG-
GY026; NCTO05256225). Future directions to leverage the
antibody-dependent cellular cytotoxicity effect of the backbone
of trastuzumab could test a HER2 monoclonal antibody with
anti-PD1 and with and without chemotherapy or HER2 antibody
drug conjugates with immunotherapy. The value of extending
this targeted therapy to patients with lower HER2 expression (1-
2+) needs to be examined, as there may be a negative prognostic
influence of any amount of HER2.*® The STATICE trial reported
clinical responses to trastuzumab deruxtecan in HER2 low and
high uterine carcinosarcomas of 54.5% and 70%, respectively.*
Furthermore, median progression-free survival was 3.2 vs
6.7 months in HER2-high and HER2-low tumors, respectively.

No specific molecular profile

The no specific molecular profile group is the largest of the 4
molecular subtypes, comprising approximately half of endome-
trial cancer diagnoses, and is mostly endometrioid histology but
also includes rarer histologic subtypes such as clear cell.***>>°
The outcomes for no specific molecular profile tumors are inter-
mediate, and in most studies of immunotherapy, no specific
molecular profile-specific outcomes have not been reported.
Exploratory analyses from RUBY however indicated that no spe-
cific molecular profile tumors appeared to have the smallest ben-
efit to dostarlimab usage in combination with chemotherapy.*
Notably, there is clinically significant heterogeneity within the
no specific molecular profile group, and subclassification based
on common mutations may identify unique immune pheno-
types.

Estrogen receptor status

Estrogen receptor status has been identified as an opportunity
for prognostic refinement within the no specific molecular profile
molecular group.'®*? Jamieson et al.'® reported their assessment
of 1110 no specific molecular profile endometrial cancers and
found that low-grade tumors and estrogen receptor-positive
tumors showed a 5-year disease-specific death rate of 1.6%
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across all stages. In their work, a threshold of more than 1% was
considered estrogen receptor positive. Their work identified that
most deaths in this large group of no specific molecular profile
tumors were high grade (grade 3 or nonendometrioid) and/or
estrogen receptor negative. Similarly, Vermij and colleagues®?
reported estrogen receptor positivity as a favorable prognostic
factor among high-risk no specific molecular profile tumors with
a reduced risk of recurrence (hazard ratio [HR] = 0.33, 95% confi-
dence interval [CI] = 0.15 to 0.75). In the Vermij and colleagues
study, a cutoff of 10% was used for estrogen receptor positivity.
The threshold for prognostication still requires validation.

Other molecular considerations

Beyond estrogen receptor status and tumor grade, there has been
limited discriminators for this large heterogenous molecular
group. Several commonly mutated genes were discussed in the
context of the molecular group including PTEN, CTNNB1, and
ARID1A. The working group felt that although these genes and
others warranted discussions, their immediate impact in endo-
metrial cancer remains uncertain.

PTEN loss

PTEN loss is one of the most frequent abnormalities (>50%) in
endometrial cancer and is especially enriched in the no specific
molecular profile group”>® making it an appealing potential tar-
get for trials particularly with some data suggesting inferior out-
comes with PD-1 inhibitors in preclinical melanoma models.****
PTEN loss in endometrial cancer is not associated with PD-L1
expression or lymphocyte and macrophage infiltration (CD3+
lymphocytes, CD8+ lymphocytes, or CD68+ macrophages).’®
Strategies to enhance lymphocyte infiltration have been tested
using combinatorial immunotherapy reporting results by PTEN
status in the no specific molecular profile group.®”*®

CTNNB1 mutations

There is evidence that tumor CTNNB1 mutation is associated
with immune exclusion across tumor types.”®®! The impact of
WNT/beta-catenin signaling on immune response warrants eval-
uation in endometrial cancer. In one study, there was no differ-
ence in PD-L1 expression between CTNNB1-mutated vs wild-type
tumors reported.®” There is evidence that tyrosine kinase inhibi-
tors like lenvatinib and axitinib can downregulate Wnt-beta-
catenin signaling in several preclinical models.®>** Interestingly,
CTNNB1-mutated tumors were particularly vulnerable to bevaci-
zumab in GOG86P,*® which presents opportunities to correlate
changes in signaling with immune infiltrates in clinical samples.

ARID1A mutations
ARID1A is most frequently mutated component of the SWitch/
sucrose nonfermentable chromatin remodeling complex.

Chromatin remodeling via the SWItch/sucrose nonfermentable
complex has been implicated in oncogenesis and has emerged as
a potential therapeutic target.®® SWitch/sucrose nonfermentable
deficiency has been reported in aggressive histologies like undif-
ferentiated endometrial cancer, although are most common in
endometrioid no specific molecular profile tumors.®” ARIDIA
mutations have been associated with a higher risk of recurrence
in no specific molecular profile tumors.®%¢°

Mismatch repair status and ARID1A have been correlated®’%7>
with mixed results reported regarding an association between
ARID1A mutations and response to immune checkpoint inhibi-
tors.”*’> ATR inhibition has been combined with immunotherapy
in ARIDIA-mutated melanoma and lung tumors with evidence of

| JNCI: Journal of the National Cancer Institute, 2025, Vol. 117, No. 9

clinical benefit.”®’” In endometrial cancer,’”® tumors bearing
ARID1A mutations were associated with higher PD1, LAG3, and
TIGIT immune checkpoint expression, higher CD8+ T-cell infiltra-
tion, and a higher incidence of microsatellite instability; the clini-
cal relevance of these changes is unknown. In addition, tumors
with ARIDIA mutations were not associated with differential
response to immune checkpoint inhibitors in a trial of avelumab
and talazoparib.”® Further study is needed to determine whether
ARID1A status can be used as a predictive biomarker of response
to immunotherapy, along with assessing strategies for SWitch/
sucrose nonfermentable alterations.

Immune biomarkers
Treatment predictive biomarkers
To date, mismatch repair status and tumor mutational burden
have been correlated as predictive biomarkers of response to
immunotherapy in endometrial cancer.?° Tumor mutational bur-
den of no less than 10 mut/Mb has been defined as tumor muta-
tional burden high across numerous cancers, and tumor
mutational burden-high tumors currently have a tumor type
agnostic indication for pembrolizumab, based on FoundationOne
Cdx from a prespecified statistical analysis plan from KEYNOTE
15858 In KEYNOTE 158, tumor mutational burden analyses
showed that 10 of the 15 endometrial cancer tumors with high
tumor mutational burden were also microsatellite instability.
Additionally, a planned exploratory analysis from the Garnet
trial showed that the dostarlimab response rate among mis-
match repair proficient tumors was 12.1% in the tumor muta-
tional burden-low group and 45.5% in the tumor mutational
burden-high group.®

One opportunity that is being evaluated as a predictor of dura-
ble response is T-cell expansion, clonality, and dynamics, which
can be tested through blood sampling; data are sparse in endo-
metrial cancer to date®®® but warrants further evaluation.
There remains a critical need to identify additional immune bio-
markers beyond mismatch repair status and tumor mutational
burden in endometrial cancer to inform treatment recommenda-
tions and advance our understanding of tumor biology.

Tumor-infiltrating lymphocytes and microenvironmental
features

To date, there is limited evidence supporting the prognostic util-
ity of specific immune biomarkers to guide endometrial cancer
treatment.

CD8 T-cell infiltration is associated with mismatch repair defi-
ciency status in endometrial cancer but has not been validated
as a selection biomarker. An established biomarker for immuno-
therapy efficacy, such as validated correlated associations
between T-cell infiltration and immunotherapy response in other
diseases, could broaden applications for immunotherapy.
Retrospective analysis of tumor biopsy samples from patients
participating in a recent small phase II trial indicated that
gamma-delta T cells were associated with response to combined
immune checkpoint blockade and anti-angiogenic therapy in
patients previously treated with immunotherapy.®’ Validation of
a treatment-predictive role for gamma delta T cells would be val-
uable, particularly in selecting patients for combinatorial regi-
mens following progression on immunotherapy. CD16+ NK cells
have also been associated with immune checkpoint inhibitor
responsiveness in epigenetic mismatch repair deficiency tumors
but also requires further validation.?® Analyses should be contin-
ued to distinguish CD16+ NK cells from CD16+ ¥8 T cells. Other
considerations regarding the tumor microenvironment that were
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felt of potential importance were tertiary lymphoid structures,
CD20+ B cells, IDO1 in tumor islets, CD14+ macrophages, and
CD15 neutrophils within the tumor bed among others.

Additional strategies to enhance tumor immunity
Multimodal therapy with radiation

Radiation therapy has been proposed as a strategy to enhance
tumor immunity through the induction of immunogenic cell
death, as well as modulation of conditions in the tumor microen-
vironment. Considerations in the design of trials combining radi-
ation with immune checkpoint inhibitors include sequencing,
treatment volumes, inclusion of tumor-draining lymph nodes,
and management of oligometastatic disease. Data in other tumor
types® indicate that inclusion of regional lymph nodes in the
irradiation field mitigated local and systemic immunity and may
be an important consideration in trial design in endometrial can-
cer. Draining lymph nodes may be important for initial immune
response to stereotactic body radiation therapy + immune
checkpoint blockade but are not required for maintenance of
immunity, suggesting that lymph node irradiation or dissection
after establishment of immune memory could be an optimal
treatment approach. Results from studies in lung cancer and
head and neck cancers provide a rationale for neoadjuvant
approaches and suggest that administering radiation while the
primary tumor is in situ may promote the expansion of immune
cells that recognize tumor antigens. The use of other still-to-be
validated surrogate markers, including immune infiltration or T-
cell expansion, may provide opportunities to assess the potential
impact of these approaches in endometrial cancer.

In another example to augment multimodal therapy with
radiation, the PRIMMO trial®! evaluated induction with an immu-
nomodulatory 5-drug cocktail consisting of low-dose cyclophos-
phamide, aspirin, lansoprazole, vitamin D, and curcumin in
combination with stereotactic body radiation therapy (8 Gy x3)
and pembrolizumab for cervical cancer as well as endometrial
cancer. There was a 12% objective response rate per immune-
related response criteria in endometrial cancer where responses
were noted to be durable.

Treatment sequencing considerations

The use of neoadjuvant immunotherapy has been successful in
other disease sites;'® however, data in endometrial cancer are
limited. For instance, work from Eerkens and colleagues®’
studied this approach using pembrolizumab in mismatch repair
deficiency tumors where they noted radiographic response in 3
of 8 patients and no progression events in this pilot study. An
important observation was that treatment response was associ-
ated with monoclonal T-cell expansion, suggesting that this may
be a candidate biomarker of response. The group also identified
T-cell clones localizing to tumor-draining lymph nodes once
again reenforcing the concepts of intact lymphatics during initial
immune response both in this neoadjuvant approach and sup-
porting the discussion regarding radiation.

Acknowledging the limitations of disease site comparisons,
the use of neoadjuvant immunotherapy could provide an oppor-
tunity for enhanced activity in endometrial cancer as has been
demonstrated in melanoma,’® lung cancer,”® and triple-negative
breast cancer.’® Importantly, neoadjuvant treatment did not
delay surgery and was not associated with any clinically signifi-
cant dose-limiting toxicity.

Opportunities to enhance immunotherapy response like radi-
ation or neoadjuvant approaches are of increasing need, given
the recent negative KEYNOTE B21 trial (NCT04634877).”> This

randomized phase III trial testing pembrolizumab in combination
with chemotherapy did not show benefit in a population of high-
risk endometrial cancer after surgery with curative intent. It is
notable that the mismatch repair deficiency group did have sub-
stantial benefit in B21 (HR=0.31, 95% CI = 0.14 to 0.69), despite
the negative overall trial.”® A key difference between the negative
B21 study and the positive GY018 and RUBY trials was the pres-
ence of measurable disease, and this could suggest that it may be
necessary to have tumor present for immune education particu-
larly in the mismatch repair proficient group. Although the cor-
nerstone for treatment of endometrial cancer over the past
several decades has been hysterectomy followed by adjuvant
therapy, changes in this treatment paradigm may be essential to
improve therapeutic efficacy.

Conclusion

The incidence and death rate of endometrial cancer has
increased at an alarming pace. Although there have been sub-
stantial therapeutic advancements, there is an urgent need to
identify novel clinical trial designs. Emphasis on molecular clas-
sification and tailored approaches will be essential, and there is a
need for increasing correlative and translational science in clini-
cal trial populations. After extensive review of published studies,
the clinical trials planning meeting working group 1 identified no
discriminants of immunotherapy response in endometrial cancer
beyond mismatch repair status or tumor mutational burden that
have been validated for prospective treatment allocation and
noted that the quality and quantity of data specific to endome-
trial cancer are limited and should be evaluated with caution.
Consequently, the working group concluded that there is an
immediate and urgent need for endometrial cancer-specific
translational research to be undertaken and prioritized. The
identification and development of preclinical models represent-
ing the spectrum of molecular features in endometrial cancer
and immunocompetent hosts are also critical for hypothesis gen-
eration and early-stage treatment testing.

It is important to emphasize that several factors that impact
conditions in the endometrial cancer tumor immune microenvir-
onment should also be considered in the design and interpreta-
tion of clinical trials, including obesity, estrogen status,
microbiome, and medical comorbidities, all of which may impact
the antitumor immune response. Once again, the increasing dis-
parities and impact of race and ethnicity could not be empha-
sized enough. Finally, molecular classification is recommended
when able in endometrial cancer clinical trial design with further
evaluation of biomarkers for prognostic and predictive refine-
ment.

Acknowledgments

The authors would like to thank Kate Horowitz and Almeda
Kyser for their assistance and facilitation of working group meet-
ings and Dr Wolf Lindwasser for help in preparing this manu-
script. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National
Institutes of Health. The authors would like the acknowledge the
NCI Coordinating Center for Clinical Trials for supporting the
Clinical Trials Planning Meeting.

Author contributions

Casey M. Cosgrove (Conceptualization, Investigation,
Methodology, Project administration, Supervision, Writing—



1780 | JNCI: Journal of the National Cancer Institute, 2025, Vol. 117, No. 9

original draft, Writing—review & editing), Dmitrly Zamarin
(Conceptualization, Investigation, Supervision, Writing—review
& editing), Jose R. Conejo-Garcia (Conceptualization,
Investigation, Methodology, Writing—review & editing), Kari E.
Hacker (Conceptualization, Investigation, Methodology,
Writing—review & editing), Roberto Vargas (Conceptualization,
Investigation, Methodology, Writing—review &  editing),
Panagiotis A Konstantinopoulos (Conceptualization,
Investigation, Methodology, Writing—review & editing), Haider S.
Mahdi (Conceptualization, Investigation, Methodology, Writing—
review & editing), Stephanie Gaillard (Conceptualization,
Investigation, Methodology, Writing—review &  editing),
Stephanie  Markovina  (Conceptualization,  Investigation,
Methodology, Writing—review & editing), Elise C. Kohn
(Conceptualization, Funding  acquisition, Investigation,
Methodology, Project administration, Resources, Supervision,
Writing—original draft, Writing—review & editing), and Sarah F.
Adams (Conceptualization, Investigation, Methodology, Project
administration, Writing—original draft).

Funding

Working group 1 and the Clinical Trials Planning Meeting were
supported by funds from the NCI Coordinating Center for Clinical
Trials.

Conflicts of interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Casey M. Cosgrove: Reports research funding from GSK and
Regeneron. Consulting and/or advisory GSK, AZ, Merck, Intuitive
Ltd Travel Support: GOG Foundation.

Dmitrly Zamarin: Reports institutional grants from Merck,
Genentech, AstraZeneca, Volastra, and Synthekine; personal fees
from AstraZeneca, Xencor, Memgen, Daichi Sankyo, Gilead,
Synthekine, Immunos, Hervolution, Accurius, and Calidi
Biotherapeutics; and patent ownership on use of oncolytic
Newcastle Disease Virus for cancer therapy.

Jose R. Conejo-Garcia: Reports stock options from Anixa
Biosciences and Alloy Therapeutics; receives consulting fees
from Alloy Therapeutics; has intellectual property with Compass
Therapeutics and Anixa Biosciences; and is co-founder with
equity of Cellepus Therapeutics, an allogeneic CAR T cell com-
pany.

Kari E. Hacker: Reports grant funding from the NCI and Sy
Syms Foundation. Her spouse worked for Strata Oncology in the
past 36 months and holds stock options, and they are stockhold-
ers for the following companies: AbbVie, Halozyme, Bristol-
Myers Squibb, Illumina, Gilead, and Vistagen Therapeutics.

Roberto Vargas: No disclosures.

Panagiotis A. Konstantinopoulos: Reports funding to Dana-
Farber Cancer Institute from AstraZeneca, Pfizer, Eli Lilly, Bayer,
Merck, GSK, Tesaro, Merck KGaA on trials for which he is the PI;
he also reports consulting and/or advisory board participation
from Immunogen, GSK, Novartis, Alkermes, AstraZeneca, Bayer,
Merck, Pfizer, Tesaro, Vertex, EMD Serono, Kadmon, BMS, IMV,
Repare, Artios, and Mersana.

Haider S. Mahdi: No disclosures.

Stephanie Gaillard: Reports grants of contracts from
Compugen, Genetech/Roche, Clovis/Pharma, Iovance, Tempest,
Tesaro/GSK, Blueprint, Immunogen, Volastra, Beigene, GOG-

Foundation, AstraZeneca as well as consulting fees from
Immunogen, Novartis, Verastem, and Compugen. Patent: United
States Patent Nos 10,258,604 & 10,905,659, Lasofoxifene treat-
ment of breast cancer, licensed by Duke. Has participated on
DSMB or Advisory Board for Sign Path Pharma and has leadership
or fiduciary role in NRG Oncology.

Stephanie Markovina: Reports research funding from GSK (for-
merly Tesaro) for clinical trial NCT03955978 and panel member
on NCCN Thyroid Carcinoma.

Elise C. Kohn: No disclosures.

Sarah F. Adams: Reports contracted research: Astra Zeneca.

Data availability

The data presented in this review are available in the references,
and the CTPM executive statement can be found online at https://
WWW.cancer.gov/about-nci/organization/ccct/steering-committees/
nctn/gynecologic/gesc-2024-ctpm-executive-summary.pdf.

References

1. Siegel RL, Kratzer TB, Giaquinto AN, Sung H, Jemal A. Cancer
statistics, 2025. CA Cancer J Clin. 2025;75:10-45. https://doi.org/
10.3322/caac.21871

2. Giaquinto AN, Broaddus RR, Jemal A, et al. The changing land-
scape of gynecologic cancer mortality in the United States.
Obstet Gynecol. 2022;139:440-442.

3. Forjaz G, Ries L, Devasia TP, Flynn G, Ruhl J, Mariotto AB. Long-
term cancer survival trends by updated summary stage. Cancer
Epidemiol Biomarkers Prev. 2023;32:1508-1517. https://doi.org/
10.1158/1055-9965.epi-23-0589

4. National Cancer Institute. NCI Budget Fact Book: Funding for
Research Areas. National Cancer Institute; 2023. Accessed
September 12, 2023.
budget/fact-book/data/research-funding

5. Eskander RN, Sill MW, Beffa L, et al. Pembrolizumab plus
Chemotherapy in Advanced Endometrial Cancer. N Engl ] Med.
2023;388:2159-2170.

6. Mirza MR, Chase DM, Slomovitz BM, et al.; RUBY Investigators.
Dostarlimab for primary advanced or recurrent endometrial
cancer. N Engl] Med. 2023;388:2145-2158.

7. Cosgrove C. Accessed May 10, 2024. https://www.cancer.gov/
about-nci/organization/ccct/steering-committees/nctn/gyne-

https://www.cancer.gov/about-nci/

cologic/gcsc-2024-ctpm-executive-summary.pdf

8. Disis ML, Adams SF, Bajpai J, et al. Society for Immunotherapy
of Cancer (SITC) clinical practice guideline on immunotherapy
for the treatment of gynecologic cancer. J Immunother Cancer.
2023;11:e006624. https://doi.org/10.1136/jitc-2022-006624.
Erratum in: J Immunother Cancer. 2023;11:1.

9. Kandoth C, Schultz N, Cherniack AD, et al.; Cancer Genome
Atlas Research Network. Integrated genomic characterization
of endometrial carcinoma. Nature. 2013;497:67-73. https://doi.
org/10.1038/nature12113. Erratum in: Nature. 2013;500:242.

10. Talhouk A, McConechy MK, Leung S, et al. Confirmation of
ProMisE: a simple, genomics-based clinical classifier for endo-
metrial cancer. Cancer. 2017;123:802-813.

11. Ledn-Castillo A, Gilvazquez E, Nout R, et al. Clinicopathological
and molecular characterisation of ‘multiple-classifier’ endome-
trial carcinomas. J Pathol. 2020;250:312-322. https://doi.org/10.
1002/path.5373

12. Fader AN, Roque DM, Siegel E, et al. Randomized phase II trial of
carboplatin-paclitaxel compared with Carboplatin-Paclitaxel-


https://www.cancer.gov/about-nci/organization/ccct/steering-committees/nctn/gynecologic/gcsc-2024-ctpm-executive-summary.pdf
https://www.cancer.gov/about-nci/organization/ccct/steering-committees/nctn/gynecologic/gcsc-2024-ctpm-executive-summary.pdf
https://www.cancer.gov/about-nci/organization/ccct/steering-committees/nctn/gynecologic/gcsc-2024-ctpm-executive-summary.pdf
https://doi.org/10.3322/caac.21871
https://doi.org/10.3322/caac.21871
https://doi.org/10.1158/1055-9965.epi-23-0589
https://doi.org/10.1158/1055-9965.epi-23-0589
https://www.cancer.gov/about-nci/budget/fact-book/data/research-funding
https://www.cancer.gov/about-nci/budget/fact-book/data/research-funding
https://www.cancer.gov/about-nci/organization/ccct/steering-committees/nctn/gynecologic/gcsc-2024-ctpm-executive-summary.pdf
https://www.cancer.gov/about-nci/organization/ccct/steering-committees/nctn/gynecologic/gcsc-2024-ctpm-executive-summary.pdf
https://www.cancer.gov/about-nci/organization/ccct/steering-committees/nctn/gynecologic/gcsc-2024-ctpm-executive-summary.pdf
https://doi.org/10.1136/jitc-2022-006624
https://doi.org/10.1038/nature12113
https://doi.org/10.1038/nature12113
https://doi.org/10.1002/path.5373
https://doi.org/10.1002/path.5373

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

JNCI: Journal of the National Cancer Institute, 2025, Vol. 117, No. 9 |

Trastuzumab in advanced (stage III-IV) or recurrent uterine serous
carcinomas that overexpress HER2/neu (NCT01367002): updated
overall survival analysis. Clin Cancer Res. 2020;26:3928-3935.,
Erickson BK, Najjar O, Damast S, et al. Human epidermal growth
factor 2 (HER?2) in early stage uterine serous carcinoma: A multi-
institutional cohort study. Gynecol Oncol. 2020;159:17-22.
Meric-Bernstam F, Makker V, Oaknin A, et al. Efficacy and safety
of trastuzumab deruxtecan in patients with HER2-expressing
solid tumors: primary results from the DESTINY-PanTumor02
phase II trial. J Clin Oncol. 2024;42:47-58. https://doi.org/10.1200/
JC0O.23.02005

Jamieson A, Huvila ], Chiu D, et al. Grade and estrogen receptor
expression identify a subset of no specific molecular profile
endometrial carcinomas at a very low risk of disease-specific
death. Mod Pathol. 2023;36:100085. https://doi.org/10.1016/j.
modpat.2022.100085. Erratum in: Mod Pathol. 2023;36:100212.
McMeekin DS, Tritchler DL, Cohn DE, et al. Clinicopathologic
significance of mismatch repair defects in endometrial cancer:
an NRG oncology/gynecologic oncology group study. J Clin Oncol.
2016;34:3062-3068. https://doi.org/10.1200/]C0O.2016.67.8722
Cosgrove CM, Cohn DE, Hampel H, et al. Epigenetic silencing of
MLH1 in endometrial cancers is associated with larger tumor
volume, increased rate of lymph node positivity and reduced
recurrence-free survival. Gynecol Oncol. 2017;146:588-595.
Riedinger CJ, Brown M, Haight P, et al. Epigenetic MMR defect
identifies a risk group not accounted for through traditional risk
stratification algorithms in endometrial cancer. Front Oncol.
2023;13:1147657.

Riedinger CJ, Esnakula A, Haight PJ, et al. Characterization of
mismatch-repair/microsatellite instability-discordant endome-
trial cancers. Cancer. 2024;130:385-399. https://doi.org/10.1002/
cner.35030

Fares CM, Van Allen EM, Drake CG, Allison JP, Hu-Lieskovan S.
Mechanisms of resistance to immune checkpoint blockade:
why does checkpoint inhibitor immunotherapy not work for all
patients? Am Soc Clin Oncol Educ Book. 2019;39:147-164. https://
doi.org/10.1200/EDBK_240837

Cercek A, Lumish M, Sinopoli], et al. PD-1 blockade in mismatch
repair-deficient, locally advanced rectal cancer. N Engl ] Med.
2022;386:2363-2376. https://doi.org/10.1056/NEJM0a2201445
Eerkens AL, Brummel K, Vledder A, et al. Neoadjuvant immune
checkpoint blockade in women with mismatch repair deficient
endometrial cancer: a phase I study. Nat Commun. 2024;15:7695.
https://doi.org/10.1038/s41467-024-52098-8

Chow RD, Michaels T, Bellone S, et al. Distinct Mechanisms of
Mismatch-Repair Deficiency Delineate Two Modes of Response
to Anti-PD-1 Immunotherapy in Endometrial Carcinoma. Cancer
Discov. 2023;13:312-331. https://doi.org/10.1158/2159-8290.CD-
22-0686; (Cancer Discovery)

Manning-Geist BL, Liu YL, Devereaux KA, et al. Microsatellite
instability-high endometrial cancers with MLH1 promoter
hypermethylation have distinct molecular and clinical profiles.
Clin Cancer Res. 2022;28:4302-4311. https://doi.org/10.1158/1078-
0432.CCR-22-0713

Hampel H, Pearlman R, de la Chapelle A, et al. Double somatic
mismatch repair gene pathogenic variants as common as Lynch
syndrome among endometrial cancer patients. Gynecol Oncol.
2021;160:161-168.  https://doi.org/10.1016/j.ygyno.2020.10.012
Epub 2020 Oct 21.

Tinker AV, Sabatier R, Gravina A, et al2022-RA-1198-ESGO Post
hoc analysis of objective response rate by mismatch repair pro-
tein dimer loss/mutation status in patients with mismatch

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1781

repair deficient endometrial cancer treated with dostarlimab.
IntJ Gynecol Cancer. 2022; 32:A414.

Eskander RN, Sill M, Miller A,
progression-free survival by PD-L1 status, and blinded inde-

et al. Overall survival,
pendent central review results with pembrolizumab plus carbo-
platin/paclitaxel (CP) versus placebo plus CP in patients with
endometrial cancer: results from the NRG GYO018 trial.
Presented at: Society of Gynecologic Oncology 2024 Annual
Meeting for Women'’s Cancer; March 16-18, 2024; San Diego, CA.
Shin DS, Zaretsky JM, Escuin-Ordinas H, et al. Primary
Resistance to PD-1 Blockade Mediated by JAK1/2 Mutations.
Cancer Discov. 2017;7:188-201. https://doi.org/10.1158/2159-
8290.CD-16-1223

Mathew D, Marmarelis ME, Foley C, et al. Combined JAK inhibi-
tion and PD-1 immunotherapy for non-small cell lung cancer
patients. Science. 2024;384:eadf1329. https://doi.org/10.1126/sci-
ence.adf1329

Stelloo E, Versluis MA, Nijman HW, et al. Microsatellite instabil-
ity derived JAK1 frameshift mutations are associated with
tumor immune evasion in endometrioid endometrial cancer.
Oncotarget. 2016;7:39885-39893. https://doi.org/10.18632/onco-
target.9414

Gulhan DC, Garcia E, Lee EK, et al. Genomic determinants of de
novo resistance to immune checkpoint blockade in mismatch
repair-deficient endometrial cancer. J Clin Oncol Precis Oncol.
2020;4:492-497. https://doi.org/10.1200/po.20.00009
Momeni-Boroujeni A, Dahoud W, Vanderbilt CM, et al
Clinicopathologic and genomic analysis of TP53-mutated endo-
metrial carcinomas. Clin Cancer Res. 2021;27:2613-2623. https://
doi.org/10.1158/1078-0432.CCR-20-4436

Kuhn E, Bahadirli-Talbott A, Shih I. Frequent CCNE1 amplifica-
tion in endometrial intraepithelial carcinoma and uterine
serous carcinoma. Mod Pathol. 2014;27:1014-1019. https://doi.
0rg/10.1038/modpathol.2013.209

Nakayama K, Rahman MT, Rahman M, et al. CCNE1 amplifica-
tion is associated with aggressive potential in endometrioid
endometrial carcinomas. Int J Oncol. 2016;48:506-516. https://
doi.org/10.3892/1j0.2015.3268

Liu JF, Xiong N, Campos SM, et al. Phase II study of the WEE1
inhibitor adavosertib in recurrent uterine serous carcinoma. J
Clin Oncol. 2021;39:1531-1539. https://doi.org/10.1200/JCO.20.
03167

Xu H, George E, Kinose Y, et al. CCNE1 copy number is a bio-
marker for response to combination WEE1-ATR inhibition in
ovarian and endometrial cancer models. Cell Rep Med.
2021;2:100394. https://doi.org/10.1016/j.xcrm.2021.100394
Nguyen L, W M Martens J, Van Hoeck A, Cuppen E. Pan-cancer
landscape of homologous recombination deficiency. Nat Commun.
2020;11:5584. https://doi.org/10.1038/s41467-020-19406-4

Lin DI, Fine A, Danziger NA, et al. Molecular analysis of endome-
trial serous carcinoma reveals distinct clinicopathologic and
genomic subgroups. Gynecol Oncol. 2022;164:558-565. https://doi.
0rg/10.1016/j.ygyno.2021.12.030

Westin SN, Moore K, Chon HS, et al,; DUO-E Investigators.
Durvalumab plus carboplatin/paclitaxel followed by mainte-
nance durvalumab with or without olaparib as first-line treat-
ment for advanced endometrial cancer: the phase III DUO-E
trial. J Clin Oncol. 2024;42:283-299. https://doi.org/10.1200/JCO.
23.02132

Joly Lobbedez F, Leary A, Ray-Coquard IL, et al. LBA42 Olaparib
vs placebo as maintenance therapy after platinum-based che-
advanced/metastatic endometrial

motherapy in cancer


https://doi.org/10.1200/JCO.23.02005
https://doi.org/10.1200/JCO.23.02005
https://doi.org/10.1016/j.modpat.2022.100085
https://doi.org/10.1016/j.modpat.2022.100085
https://doi.org/10.1200/JCO.2016.67.8722
https://doi.org/10.1002/cncr.35030
https://doi.org/10.1002/cncr.35030
https://doi.org/10.1200/EDBK_240837
https://doi.org/10.1200/EDBK_240837
https://doi.org/10.1056/NEJMoa2201445
https://doi.org/10.1038/s41467-024-52098-8
https://doi.org/10.1158/2159-8290.CD-22-0686
https://doi.org/10.1158/2159-8290.CD-22-0686
https://doi.org/10.1158/1078-0432.CCR-22-0713
https://doi.org/10.1158/1078-0432.CCR-22-0713
https://doi.org/10.1016/j.ygyno.2020.10.012
https://doi.org/10.1158/2159-8290.CD-16-1223
https://doi.org/10.1158/2159-8290.CD-16-1223
https://doi.org/10.1126/science.adf1329
https://doi.org/10.1126/science.adf1329
https://doi.org/10.18632/oncotarget.9414
https://doi.org/10.18632/oncotarget.9414
https://doi.org/10.1200/po.20.00009
https://doi.org/10.1158/1078-0432.CCR-20-4436
https://doi.org/10.1158/1078-0432.CCR-20-4436
https://doi.org/10.1038/modpathol.2013.209
https://doi.org/10.1038/modpathol.2013.209
https://doi.org/10.3892/ijo.2015.3268
https://doi.org/10.3892/ijo.2015.3268
https://doi.org/10.1200/JCO.20.03167
https://doi.org/10.1200/JCO.20.03167
https://doi.org/10.1016/j.xcrm.2021.100394
https://doi.org/10.1038/s41467-020-19406-4
https://doi.org/10.1016/j.ygyno.2021.12.030
https://doi.org/10.1016/j.ygyno.2021.12.030
https://doi.org/10.1200/JCO.23.02132
https://doi.org/10.1200/JCO.23.02132

1782

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

patients: The GINECO randomized phase IIb UTOLA trial. Ann
Oncol. 2023;34:51283-51284.

Corr BR, et al. A phase II, randomized, double-blind, study of the
use of rucaparib vs. placebo maintenance therapy in metastatic
and recurrent endometrial cancer. SGO 2024; Plenary presentation.
Wang Z, Hu H, Heitink L, et al. The anti-cancer agent APR-246
can activate several programmed cell death processes to kill
malignant cells. Cell Death Differ. 2023;30:1033-1046. https://doi.
0rg/10.1038/541418-023-01122-3. Erratum in: Cell Death Differ.
2023.

Dumbrava EE, Johnson ML, Tolcher AW, et al.
human study of PC14586, a small molecule structural cor-
rector of Y220C mutant p53, in patients with advanced
solid tumors harboring a TP53 Y220C mutation. J Clin Oncol.
2022;40:3003-3003.

Guiley KZ, Shokat KM. A small molecule reacts with the p53
somatic mutant Y220C to rescue wild-type thermal stability.
Cancer Discov. 2023;13:56-69. https://doi.org/10.1158/2159-8290.
CD-22-0381

Chen S, WuJL, Liang Y, et al. Arsenic trioxide rescues structural
P53 mutations through a cryptic allosteric site. Cancer Cell.
2021;39:225-239.e8. https://doi.org/10.1016/j.ccell.2020.11.
013Epub 2020 Dec 24. PMID: 33357454,

Gluck WL, Gounder MM, Frank R, et al. Phase 1 study of the
MDM? inhibitor AMG 232 in patients with advanced P53 wild-
type solid tumors or multiple myeloma. Invest New Drugs.
2020;38:831-843. https://doi.org/10.1007/s10637-019-00840-1
Sahin I, Zhang S, Navaraj A, et al. Correction: AMG-232 sensi-
tizes high MDM2-expressing tumor cells to T-cell-mediated kill-
ing. Cell Death Discov. 2020;6:71. https://doi.org/10.1038/s41420-
020-00310-1Erratum for: Cell Death Discov. 2020 Jul 6; 6:57.
Krakstad C, Berg HF, Lindemann K, Halle MK. Frequency of
ERBB2-Low Expression in Endometrial Cancer. JAMA Oncol.
2024;10:1587-1588. https://doi.org/10.1001/jamaoncol.2024.3660
Nishikawa T, Hasegawa K, Matsumoto K, et al. Trastuzumab

First-in-

deruxtecan for human epidermal growth factor receptor 2-
expressing advanced or recurrent uterine carcinosarcoma
(NCCH1615): the STATICE Trial. J Clin Oncol. 2023;41:2789-2799.
https://doi.org/10.1200/JC0.22.02558

Stelloo E, Nout RA, Osse EM, et al. Improved risk assessment by
integrating molecular and clinicopathological factors in early-
stage endometrial Cancer-Combined analysis of the PORTEC
cohorts. Clin Cancer Res 2016;22:4215-4224.

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

Vermij L, Jobsen JJ, Ledén-Castillo A, et al; TransPORTEC
Consortium. Prognostic refinement of NSMP high-risk endome-
trial cancers using oestrogen receptor immunohistochemistry.
Br ] Cancer. 2023;128:1360-1368. https://doi.org/10.1038/s41416-
023-02141-0

Momeni-Boroujeni A, Nguyen B, Vanderbilt CM, et al. Genomic
landscape of endometrial carcinomas of no specific molecular
profile. Mod Pathol. 2022;35:1269-1278. https://doi.org/10.1038/
841379-022-01066-y

Lacey JV Jr, Mutter GL, Ronnett BM, et al. PTEN expression in
endometrial biopsies as a marker of progression to endometrial
carcinoma. Cancer Res. 2008;68:6014-6020. https://doi.org/10.
1158/0008-5472.CAN-08-1154

| JNCI: Journal of the National Cancer Institute, 2025, Vol. 117, No. 9

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Peng W, Chen JQ, Liu C, et al. Loss of PTEN promotes resistance to
T cell-mediated immunotherapy. Cancer Discov. 2016;6:202-216.
https://doi.org/10.1158/2159-8290.CD-15-0283.

Crumley S, Kurnit K, Hudgens C, Fellman B, Tetzlaff MT,
Broaddus R. Identification of a subset of microsatellite-stable
endometrial carcinoma with high PD-L1 and CD8+ lympho-
cytes. Mod Pathol. 2019;32:396-404. https://doi.org/10.1038/
s41379-018-0148-x

Tuyaerts S, Van Nuffel AMT, Naert E, et al. PRIMMO study pro-
tocol: a phase II study combining PD-1 blockade, radiation and
immunomodulation to tackle cervical and uterine cancer. BMC
Cancer. 2019;19:506. https://doi.org/10.1186/s12885-019-5676-3
Wei W, Ban X, Yang F, et al. Phase II trial of efficacy, safety and
biomarker analysis of sintilimab plus anlotinib for patients with
recurrent or advanced endometrial cancer. ] Immunother Cancer.
2022;10:e004338. https://doi.org/10.1136/jitc-2021-004338
Spranger S, Bao R, Gajewski TF. Melanoma-intrinsic -catenin
signalling  prevents  anti-tumour immunity.  Nature.
2015;523:231-235. https://doi.org/10.1038/nature 14404

Trujillo JA, Luke JJ, Zha Y, et al. Secondary resistance to immu-
notherapy associated with B-catenin pathway activation or
PTEN loss in metastatic melanoma. J Immunother Cancer.
2019;7:295. https://doi.org/10.1186/s40425-019-0780-0

Luke JJ, Bao R, Sweis RF, Spranger S, Gajewski TF. WNT/B-cate-
nin pathway activation correlates with immune exclusion
across human cancers. Clin Cancer Res. 2019;25:3074-3083.
https://doi.org/10.1158/1078-0432.CCR-18-1942

Hong JH, Cho HW, Ouh YT, Lee JK, Chun Y. Lymphocyte activa-
tion gene (LAG)-3 is a potential immunotherapeutic target for
microsatellite stable, programmed death-ligand 1 (PD-L1)-posi-
tive endometrioid endometrial cancer. ] Gynecol Oncol. 2023;34:
e18. https://doi.org/10.3802/jg0.2023.34.e18

QuY, GharbiN, Yuan X, et al. Axitinib blocks Wnt/B-catenin sig-
naling and directs asymmetric cell division in cancer. Proc Natl
Acad Sci U S A. 2016;113:9339-9344. https://doi.org/10.1073/
pnas.1604520113Epub 2016 Aug 1.

Huang L, LiuJ, Li W, et al. Lenvatinib exposure induces hepato-
toxicity in zebrafish via inhibiting Wnt signaling. Toxicology.
2021;462:152951. https://doi.org/10.1016/j.t0x.2021.152951
Aghajanian C, Filiaci V, Dizon DS, et al. A phase II study of front-
line paclitaxel/carboplatin/bevacizumab, paclitaxel/carbopla-
tin/temsirolimus, or ixabepilone/carboplatin/bevacizumab
in advanced/recurrent endometrial cancer. Gynecol Oncol.
2018;150:274-281.

Mittal P, Roberts CWM. The SWI/SNF complex in cancer—biol-
ogy, biomarkers and therapy. Nat Rev Clin Oncol. 2020;17:435-448.
https://doi.org/10.1038/s41571-020-0357-3Epub 2020 Apr 17.
Tessier-Cloutier B, Coatham M, Carey M, et al. SWI/SNF-defi-
ciency defines highly aggressive undifferentiated endometrial
carcinoma. J Pathol Clin Res. 2021;7:144-153. https://doi.org/10.
1002/cjp2.188Epub 2020 Oct 30.

Onoprienko A, Hofstetter G, Muellauer L, et al. Prognostic role of
transcription factor ARID1A in patients with endometrial cancer
of no specific molecular profile (NSMP) subtype. Int ] Gynecol
Cancer. 2024;34:840-846. https://doi.org/10.1136/ijgc-2023-005111.
Gibson WJ, Hoivik EA, Halle MK, et al. The genomic landscape
and evolution of endometrial carcinoma progression and
abdominopelvic metastasis. Nat Genet. 2016,48:848-855.

Shen J, Ju Z, Zhao W, et al. ARID1A deficiency promotes muta-
bility and potentiates therapeutic antitumor immunity
unleashed by immune checkpoint blockade. Nat Med.
2018;24:556-562. https://doi.org/10.1038/s41591-018-0012-z


https://doi.org/10.1038/s41418-023-01122-3
https://doi.org/10.1038/s41418-023-01122-3
https://doi.org/10.1158/2159-8290.CD-22-0381
https://doi.org/10.1158/2159-8290.CD-22-0381
https://doi.org/10.1016/j.ccell.2020.11.013
https://doi.org/10.1016/j.ccell.2020.11.013
https://doi.org/10.1007/s10637-019-00840-1
https://doi.org/10.1038/s41420-020-00310-1
https://doi.org/10.1038/s41420-020-00310-1
https://doi.org/10.1001/jamaoncol.2024.3660
https://doi.org/10.1200/JCO.22.02558
https://doi.org/10.1038/s41416-023-02141-0
https://doi.org/10.1038/s41416-023-02141-0
https://doi.org/10.1038/s41379-022-01066-y
https://doi.org/10.1038/s41379-022-01066-y
https://doi.org/10.1158/0008-5472.CAN-08-1154
https://doi.org/10.1158/0008-5472.CAN-08-1154
https://doi.org/10.1158/2159-8290.CD-15-0283
https://doi.org/10.1038/s41379-018-0148-x
https://doi.org/10.1038/s41379-018-0148-x
https://doi.org/10.1186/s12885-019-5676-3
https://doi.org/10.1136/jitc-2021-004338
https://doi.org/10.1038/nature14404
https://doi.org/10.1186/s40425-019-0780-0
https://doi.org/10.1158/1078-0432.CCR-18-1942
https://doi.org/10.3802/jgo.2023.34.e18
https://doi.org/10.1073/pnas.1604520113
https://doi.org/10.1073/pnas.1604520113
https://doi.org/10.1016/j.tox.2021.152951
https://doi.org/10.1038/s41571-020-0357-3
https://doi.org/10.1002/cjp2.188
https://doi.org/10.1002/cjp2.188
https://doi.org/10.1136/ijgc-2023-005111
https://doi.org/10.1038/s41591-018-0012-z

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

JNCI: Journal of the National Cancer Institute, 2025, Vol. 117, No. 9 |

Bosse T, ter Haar NT, Seeber LM, et al. Loss of ARID1A expres-
sion and its relationship with PI3K-Akt pathway alterations,
TP53 and microsatellite instability in endometrial cancer. Mod
Pathol. 2013;26:1525-1535. https://doi.org/10.1038/modpathol.
2013.96

Wiegand KC, Lee AF, Al-Agha OM, et al. Loss of BAF250a
(ARID1A) is frequent in high-grade endometrial carcinomas. J
Pathol. 2011;224:328-333. https://doi.org/10.1002/path.2911
Guan B, Mao TL, Panuganti PK, et al. Mutation and loss of
expression of ARID1A in uterine low-grade endometrioid carci-
noma. Am ] Surg Pathol. 2011;35:625-632. https://doi.org/10.
1097/PAS.0b013e318212782a.

Okamura R, Kato S, Lee S, Jimenez RE, Sicklick JK, Kurzrock R.
ARID1A alterations function as a biomarker for longer
progression-free survival after anti-PD-1/PD-L1 immunotherapy.
J Immunother Cancer. 2020;8:e000438. https://doi.org/10.1136/jitc-
2019-000438

Wang N, Qin Y, Du F, Wang X, Song C. Prevalence of SWI/SNF
genomic alterations in cancer and association with the
response to immune checkpoint inhibitors: a systematic review
and meta-analysis. Gene. 2022;834:146638. https://doi.org/10.
1016/j.gene.2022.146638

Hardaker EL, Sanseviero E, Karmokar A, et al. The ATR inhibitor
ceralasertib potentiates cancer checkpoint immunotherapy by
regulating the tumor microenvironment. Nat Commun.
2024;15:1700. https://doi.org/10.1038/s41467-024-45996-4.

Kim R, Kwon M, An M, et al. Phase II study of ceralasertib
(AZD6738) in combination with durvalumab in patients with
advanced/metastatic melanoma who have failed prior anti-PD-
1 therapy. Ann Oncol. 2022;33:193-203.

Wu Z, Wang Q, Liu X, Zheng]J, JiL, Li X. Identification and valida-
tion of a novel multiomics signature for prognosis and immuno-
therapy response of endometrial carcinoma. ] Oncol.
2022;2022:8998493. https://doi.org/10.1155/2022/8998493
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;8:1317-1322.  https://doi.org/10.1001/jamaoncol.
2022.2181

McGrail DJ, Pilié PG, Rashid NU, et al. High tumor mutation bur-
den fails to predict immune checkpoint blockade response
across all cancer types. Ann Oncol. 2021;32:661-672. https://doi.
org/10.1016/j.annonc.2021.02.006

Marabelle A, Le DT, Ascierto PA, et al. Efficacy of pembrolizu-
mab in patients with noncolorectal high microsatellite instabil-
ity/mismatch repair-deficient cancer: results from the phase II
keynote-158 study. J Clin Oncol. 2020;38:1-10. https://doi.org/10.
1200/JC0O.19.02105

Marabelle A, Fakih M, Lopez ], et al. Association of tumour
mutational burden with outcomes in patients with advanced
solid tumours treated with pembrolizumab: prospective bio-
marker analysis of the multicohort, open-label, phase 2
KEYNOTE-158 study. Lancet Oncol. 2020;21:1353-1365. https://
doi.org/10.1016/51470-2045(20)30445-9

Marcus L, Fashoyin-Aje LA, Donoghue M, et al. FDA approval
summary: pembrolizumab for the treatment of tumor muta-
tional burden-high solid tumors. Clin Cancer Res.
2021;27:4685-4689. https://doi.org/10.1158/1078-0432.CCR-21-
0327

O’'Malley DM, Bariani GM, Cassier PA, et al. Pembrolizumab in
patients with microsatellite instability-high advanced

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

1783

endometrial cancer: results from the KEYNOTE-158 study. J Clin
Oncol. 2022;40:752-761. https://doi.org/10.1200/JC0O.21.01874
Oaknin A, Gilbert L, Tinker AV, et al. Safety and antitumor activ-
ity of dostarlimab in patients with advanced or recurrent DNA
mismatch repair deficient/microsatellite instability-high
(dMMR/MSI-H) or proficient/stable (MMRp/MSS) endometrial
cancer: Interim results from GARNET-a phase I, single-arm
study. J Immunother Cancer. 2022;10:e003777. https://doi.org/10.
1136/jitc-2021-003777

Valpione S, Galvani E, Tweedy J, et al. Immune-awakening
revealed by peripheral T cell dynamics after one cycle of immu-
notherapy. Nat Cancer. 2020;1:210-221. https://doi.org/10.1038/
s43018-019-0022-x

Fairfax BP, Taylor CA, Watson RA, et al. Peripheral CD8+ T cell
characteristics associated with durable responses to immune
checkpoint blockade in patients with metastatic melanoma.
Nat Med. 2020;26:193-199. https://doi.org/10.1038/s41591-019-
0734-6

Wang X, Muzaffar J, Kirtane K, et al. T cell repertoire in periph-
eral blood as a potential biomarker for predicting response to
concurrent cetuximab and nivolumab in head and neck squa-
mous cell carcinoma. ] Immunother Cancer. 2022;10:e004512.
https://doi.org/10.1136/jitc-2022-004512

Friedman CF, Manning-Geist BL, Zhou Q, et al. Nivolumab for
mismatch-repair-deficient or hypermutated gynecologic can-
cers: a phase 2 trial with biomarker analyses. Nat Med. 2024
May;30:1330-1338. https://doi.org/10.1038/s41591-024-02942-7
Darragh LB, Gadwa J, Pham TT, et al. Elective nodal irradiation
mitigates local and systemic immunity generated by combina-
tion radiation and immunotherapy in head and neck tumors.
Nat Commun. 2022;13:7015. https://doi.org/10.1038/s41467-022-
34676-w.

De Jaeghere EA, Tuyaerts S, Van Nuffel AMT,
Pembrolizumab, radiotherapy, and an immunomodulatory
five-drug cocktail in pretreated patients with persistent, recur-
rent, or metastatic cervical or endometrial carcinoma: results
of the phase II PRIMMO study. Cancer Immunol Immunother.
2023;72:475-491. https://doi.org/10.1007/s00262-022-03253-x
Patel SP, Othus M, Chen Y, et al. Neoadjuvant-adjuvant or
adjuvant-only pembrolizumab in advanced melanoma. N EnglJ
Med. 2023;388:813-823. https://doi.org/10.1056/NEJMoa2211437
Forde PM, Spicer J, Lu S, et al.; CheckMate 816 Investigators.
Neoadjuvant nivolumab plus chemotherapy in resectable lung
cancer. N Engl ] Med. 2022;386:1973-1985. https://doi.org/10.
1056/NEJM0a2202170

Schmid P, Cortes J, Pusztai L, et al.; KEYNOTE-522 Investigators.
Pembrolizumab for early triple-negative breast cancer. N Engl J
Med. 2020;382:810-821. https://doi.org/10.1056/NEJMoa1910549
Van Gorp T, Cibula D, Lv W, et al.; ENGOT-en11/GOG-3053/
KEYNOTE-B21 investigators ENGOT-en11/GOG-3053/
KEYNOTE-B21: a randomised, double-blind, phase III study of
pembrolizumab or placebo plus adjuvant chemotherapy with
or without radiotherapy in patients with newly diagnosed, high-
risk endometrial cancer. Ann Oncol. 2024;35:968-980. https://doi.
0rg/10.1016/j.annonc.2024.08.2242

Slomovitz BM, Cibula D, Lv W, et al. Pembrolizumab or placebo
plus adjuvant chemotherapy with or without radiotherapy for

et al

newly diagnosed, high-risk endometrial cancer: results in mis-
match repair-deficient tumors. ] Clin Oncol. 2025;43:251-259.
https://doi.org/10.1200/JCO-24-01887


https://doi.org/10.1038/modpathol.2013.96
https://doi.org/10.1038/modpathol.2013.96
https://doi.org/10.1002/path.2911
https://doi.org/10.1097/PAS.0b013e318212782a
https://doi.org/10.1097/PAS.0b013e318212782a
https://doi.org/10.1136/jitc-2019-000438
https://doi.org/10.1136/jitc-2019-000438
https://doi.org/10.1016/j.gene.2022.146638
https://doi.org/10.1016/j.gene.2022.146638
https://doi.org/10.1038/s41467-024-45996-4
https://doi.org/10.1155/2022/8998493
https://doi.org/10.1001/jamaoncol.2022.2181
https://doi.org/10.1001/jamaoncol.2022.2181
https://doi.org/10.1016/j.annonc.2021.02.006
https://doi.org/10.1016/j.annonc.2021.02.006
https://doi.org/10.1200/JCO.19.02105
https://doi.org/10.1200/JCO.19.02105
https://doi.org/10.1016/S1470-2045(20)30445-9
https://doi.org/10.1016/S1470-2045(20)30445-9
https://doi.org/10.1158/1078-0432.CCR-21-0327
https://doi.org/10.1158/1078-0432.CCR-21-0327
https://doi.org/10.1200/JCO.21.01874
https://doi.org/10.1136/jitc-2021-003777
https://doi.org/10.1136/jitc-2021-003777
https://doi.org/10.1038/s43018-019-0022-x
https://doi.org/10.1038/s43018-019-0022-x
https://doi.org/10.1038/s41591-019-0734-6
https://doi.org/10.1038/s41591-019-0734-6
https://doi.org/10.1136/jitc-2022-004512
https://doi.org/10.1038/s41591-024-02942-7
https://doi.org/10.1038/s41467-022-34676-w
https://doi.org/10.1038/s41467-022-34676-w
https://doi.org/10.1007/s00262-022-03253-x
https://doi.org/10.1056/NEJMoa2211437
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.1056/NEJMoa1910549
https://doi.org/10.1016/j.annonc.2024.08.2242
https://doi.org/10.1016/j.annonc.2024.08.2242
https://doi.org/10.1200/JCO-24-01887

© The Author(s) 2025. Published by Oxford University Press. All rights reserved. For commercial re-use, please contact reprints@oup.com for reprints
and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on
our site—for further information please contact journals.permissions@oup.com.

JNCI: Journal of the National Cancer Institute, 2025, 117, 1774-1783

https://doi.org/10.1093/jnci/djaf089

Commentary



	Active Content List
	Background
	Clinical trial planning meeting in endometrial cancer
	Acknowledgments
	Author contributions
	Funding
	Conflicts of interest
	Data availability
	References


