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ABSTRACT

Background Patients with mismatch repair-deficient
(MMRd) endometrial cancer (EC) can derive great benefit
from immune checkpoint inhibitors (ICl). However not

all responses and predictors of primary resistance are
lacking.

Methods We compared the immune tumor
microenvironment of MMRd EC ICI-responders (Rs) and ICI
non-responders (NRs), using spatial multiplexed immune
profiling and unsupervised hierarchical clustering analysis.
Results Overall, NRs exhibited drastically lower CD8",
absent terminally differentiated T cells, lack of mature
tertiary lymphoid structures and dendritic cells, as well
as loss of human leukocyte antigen class I. However, no
single marker could predict R versus NR with confidence.
Clustering analysis identified a combination of four
immune features that demonstrated that accurately
predicted ICI response, with a discriminative power of
92%. Finally, 80% of NRs lacked programmed death-
ligand 1, however, 60% exhibited another actionable
immune checkpoint (T-cell immunoglobulin and mucin
containing protein-3, indoleamine 2,3-dioxygenase 1, or
lymphocyte activation gene 3).

Conclusions These findings underscore the potential of
immune tumor microenvironment features for identifying
patients with MMRd EC and primary resistance to ICI
who should be oriented towards trials testing novel
immunotherapeutic combinations.

INTRODUCTION

Endometrial cancer (EC) represents the
sixth most frequently diagnosed cancer
in women, with an incidence of 4.5%
and 417,000 new cases in 2020, mainly
in developed countries." Over the last
20 years, its incidence and mortality
have steadily increased by about 1% per
year among postmenopausal women.”
Although early-stage disease is associated
with an excellent prognosis, patients with
advanced or recurrent disease have poor
survival outcomes, with a b-year overall
survival (OS) rate of 20-25%. Until
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Currently, mismatch repair-deficient (MMRd) and
tumor mutation burden-high status are considered
the most robust predictive biomarkers of response
to immune checkpoint inhibitors in endometrial can-
cer (EC), however only half of these patients draw a
significant clinical benefit from immunotherapy.

WHAT THIS STUDY ADDS

= Our study represents the first comprehensive com-
parison of the immune tumor microenvironment be-
tween immune checkpoint inhibitor (ICl)-responders
and non-responders within an advanced or recur-
rent MMRd EC population. By delving into this un-
explored area, our study provides insights into novel
predictive biomarkers of response to ICI tailored to
the distinctive immune characteristics of MMRd EC.
Our research uncovered a set of four immune mark-
ers that predicted ICI response with a discriminative
power of 92%, surpassing the accuracy of conven-
tional biomarkers.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings enable more precise patient selection
and better prediction of primary resistance to ICls
in the MMRd EC population. This insight may help
to stratify patients in future clinical trials for ex-
ploring alternative therapeutic strategies beyond
anti-programmed death-ligand 1 monotherapies.
Moreover, our data hold potential applicability to
other MMRd cancers, such as colorectal cancer.
The use of immunohistochemical techniques on
archived formalin-fixed paraffin-embedded tumor
blocks, cost-effective and easily applicable in clin-
ical settings, enhances the reproducibility and ac-
cessibility of our findings.

recently, treatment options for patients
progressing during or after platinum
were limited and not very effective.” In
recent years, novel therapies have been
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developed for this poor prognosis population, and
immune checkpoint inhibitors (ICIs), are consid-
ered the most promising.

Both The Cancer Genome Atlas Research Project and
The Proactive Molecular Risk Classifier for EC (ProMisE)
classifications identified two EC molecular subgroups
that are particularly immunogenic, the mismatch repair-
deficient (MMRd) /microsatellite instability-high (MSI-H)
and the DNA polymerase epsilon (POLE)-mutant,
accounting for 30% and 7% of ECs, respectively.”® MMR
deficiency can arise from germline (Lynch syndrome) or
somatic (Lynch-like) mutations in MMR genes (MLH]I,
MSH?2, MSH6, or PMS2), or more frequently, from bial-
lelic silencing of the MLH1 gene due to promoter hyper-
methylation.” This MMRd/MSI-H subgroup features
a high tumor mutation burden (TMB) resulting in a
high number of potential neoantigens. Consequently,
these tumors exhibit greater CD8" cytotoxic T-cell infil-
tration compared with their mismatch repair-proficient
(MMRp) /non-POLE-mutant counterparts. This immune
reactive microenvironment leads to a tumorous adaptive
immune resistance, which is defined by the upregulation
of immune checkpoint proteins on tumor and immune
cells, such as programmed death-ligand 1 (PD-L1),
making this EC subgroup an ideal candidate for immuno-
therapeutic interventions.®

Over the last few years, various anti-programmed cell
death protein 1 (PD-1) or anti-programmed death-ligand
1 (PD-L1) have shown meaningful clinical activity as a
single agent in previously treated advanced or recurrent
MMRd/MSI-H EC with overall response rates (ORR) of
40-50% (95%CI, 39.5 to 60.5).""" Importantly when
response to ICI occurs in patients with MMRd EC, its
duration is impressive, not reached in KEYNOTE-158
or GARNET with over 40 and 27.6months follow-up,
respectively. Following these results, both agents were
approved by the Food and Drug Administration (FDA)
and the European Medicines Agency (EMA) for women
with advanced or recurrent MSI-H/MMRd EC who have
progressed to platinum-based therapy.

The KEYNOTE-775 phase 3 trial demonstrated that
the combination of pembrolizumab and lenvatinib in
patients progressing post-platinum was statistically and
clinically superior to standard chemotherapy in terms
of progression-free survival (PFS) and OS in both the
MMRp and the all-comer cohorts. On an exploratory
analysis, this combination therapy was also found to be
effective in the MMRd subgroup, with a confirmed ORR
of 41.5% (95% CI, 29.4% to 54.4%)."? Based on these
data, pembrolizumab plus lenvatinib was approved by
the FDA for patients with previously treated advanced
EC who do not have MSI-H or MMRd tumors, and by the
EMA regardless of MMR status.

Recently, four phase 3 randomized clinical trials have
demonstrated that the addition of an ICI to carbo-
platin and paclitaxel and then continued as main-
tenance therapy, in patients with newly diagnosed
advanced or recurrent EC resulted in a statistically and

clinically significant improvement in PFS, particularly in
the MMRd,/MSI-H subgroup.'*°

To date, MMRA status is considered one of the most
robust predictive biomarkers of response to ICL'” TMB
has also emerged as a candidate biomarker of response to
ICI in multiple tumor types, including EC. Most MMRd/
MSI-H ECs have high TMB. However, a small subset of
MMRdA/MSI-H tumors exhibits low TMB (13.5% in the
GARNETT trial), and shows a lower ORR of 21%." In
brief, TMB provides limited predictive value within an
MMRd/MSI-H EC population.

A recent publication suggested that clonal, but not
subclonal, neoantigen burden predicted response to ICI
in patients with MMRd tumors.'® Finally, the mechanism
of MMR deficiency may also be relevant. Two studies have
shown that MLHI methylation predicted poor outcomes
with pembrolizumab.' * However, this has not been
confirmed in larger prospective studies.” **

As ICIs become the standard of care, there is a growing
need for better predictive biomarkers to select patients
with MMRd EC unlikely to benefit and uncover poten-
tial mechanisms of resistance. A greater understanding of
the key differences in the immune contexture of MMRd
responders (Rs) versus non-responders (NRs) could
inform future trials.

To address this issue, we performed spatial multiplexed
immune profiling and clustering analyses to compare
the immune tumor microenvironment (iTME) of MMRd
EC associated with ICI response (ICI-R) versus ICI non-
response (ICI-NR).

METHODS

This was a retrospective, exploratory biomarker-discovery
investigation study. All patients included in the study were
provided with a specific informative letter, indicating their
non-opposition and granting permission for the utili-
zation of archived tumor tissues for research purposes.
Additionally, their personal and clinic-pathological data,
previously documented in the electronic records of
Gustave Roussy Cancer Center, were authorized for use.
Anonymization procedures were rigorously implemented
to safeguard patient privacy. Prior to commencement,
the project underwent thorough scrutiny and received
approval from the local Research and Development
Committee of Gustave Roussy Cancer Center, ensuring
compliance with ethical standards and regulations
governing human research.

Case selection and clinical data

A clinically annotated tumor sample cohort of advanced
or recurrent MMRd EC from the Gustave Roussy Cancer
Center Biobank was established. The inclusion criteria
were adult women with histologically proven MMRd EC
treated with ICIs between 2016 and 2022, with available
tumor samples before ICI treatment. It should be noted
that any histological subtype was eligible for the study (eg,
endometrioid, serous, clear cell, or mixed).
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Patients were classified as ICI-R and ICI-NR, according
to the following response criteria, evaluated as per
Response Evaluation Criteria in Solid Tumors version 1.1
(RECIST V.1.1): complete response, partial response, or
stable disease (SD) for at least 12 months defined ICI-R,
whereas progression of disease as the best response or SD
for less than 12 months defined ICI-NRs.

Furthermore, a cohort of MMRp EC samples was estab-
lished and used as a comparator.

Patients’ clinicopathological characteristics, treatment,
and outcome data were collected from institutional elec-
tronic medical records.

Study endpoints

The primary endpoint of the study was to compare the
MMRd EC iTME composition in ICI-R versus NR. The
iTME evaluation included the following parameters:
type of immune cell (IC), density, spatial organization
(dispersed or clustered) and localization (intraepithe-
lial, ie,- or stromal, s-), immune co-regulators’ expres-
sion, and tumor antigen-presenting capacity. All immune
biomarkers previously identified were integrated into a
cluster analysis to evaluate the heterogeneity of iTME
in MMRd EC and to identify combinations of immune
features capable of predicting response to ICI.

The secondary objectives include assessing the impact
of MMR deficiency mechanisms on iTME, discerning
differences in iTME between MMRd and MMRp EC, as
well as tracking the evolution of iTME through the disease
course and following treatments, with a special focus on
exploring immune escape mechanisms.

Immunostaining

Formalin-fixed paraffin-embedded (FFPE) tumor tissue
blocks were obtained from the Gustave Roussy Pathology
Department. Samples were selected based on the greatest
viable tumor cellularity and necrotic samples were
excluded. The presence of tumor cells (TCs) in the tumor
samples was confirmed by pathological review (CG) of
H&E-stained slides.

For immunofluorescence (IF) and chromogen-based
immunohistochemistry (IHC) staining, we used the
following antibodies: CD3, CD4, CD8, Foxp3, CD20,
CD23, CD57, CD68, CD103, CD163, DC-lamp, and cyto-
keratin, as well as PD-L1, indoleamine 2,3-dioxygenase 1
(IDO-1), T-cell immunoglobulin and mucin containing
protein-3 (TIM-3), Lymphocyte activation gene 3 (LAG-
3), and human leukocyte antigen class I (HLA-I). Tumor
samples from both the MMRd and MMRp EC cohorts were
stained sequentially with validated antibody-generating
multiplex or monoplex-staining panels (online supple-
mental materials S1 and S2).

Image collection and analysis

IC subpopulations analyses

For IF IHC panels no. 1-3 and the chromogen-based IHC
panel no. 4, the slides were scanned at a high-resolution
scanning (20x) using a multispectral imaging system

(Zeiss Axio Scan.Z1). Data from the multispectral camera
were accessed by the imaging Visiopharm software. The
different IC populations in the intratumoral region of
whole-section images were characterized and quantified
using cell segmentation and cell phenotype tools. CD8’,
CD4", Foxp3’, and CD20" cells were expressed as the
density of cells per mm?, whereas CD68", CD163", and
DC-lamp” cells were expressed as the percentage of the
positive-stained surface.

For chromogen-based IHC panels no. 5 and 6, the slides
were scanned at high-resolution scanning (20x) using the
Olympus VS120 whole slide scanner. Image analysis was
performed using open-source software QuPath V.0.3.0.%
The different IC populations were characterized and
quantified in the intratumoral region of whole-section
images using cell detection, and pixel or object classifica-
tion tools. CD3", CD20", and CD68" cells were expressed
as the percentage of positive-stained surface, whereas
CD8'CD103" cells were expressed as the density of posi-
tive cells per mm®,

For the evaluation of CD3*, CD8*, and CD8"'CD103"
T cells, two subpopulations were described within the
tumor area: the s- and the, that is, lymphocytes (in direct
contact with TCs).

Tumor-infiltrating lymphocytes (TILs) were assessed
according to the guidelines described by the Interna-
tional TILs Working Group 2014.**

CD57 marker, included in panel no. 5, allows
the identification of two CD57" IC subpopulations:
CD57'CD3" (natural killer (NK) cells) and CD57°CD3"
(terminally-differentiated T cells). CD57" ICs were manu-
ally quantified and reported as the average density of
positive cells per mm? in whole-section images.

Tertiary lymphoid structures assessment

Multiplex chromogenic IHC panel no. 5 and H&E slides
were used to evaluate the presence of tertiary lymphoid
structures (TLS). TLS was defined as a lymphoid aggre-
gate composed of a central B-cell (CD20") zone with
a peripheral T-cell (CD3") zone. Further, a CD23-
monoplex THC panel (panel no. 7) was used to identify
follicular dendritic cells within TLSs. TLSs were classi-
fied as mature (mature TLS; mTLS) when at least one
CD23" 1C was detected within them, based on criteria of
a previous publication.”” Only mTLS located among TCs
and/or within the invasive margin (defined as a fibrous
tissue distance of <1 mm from TCs) were included in the
analysis.

Immune co-regulators and HLA-I expression analyses
For immune co-regulators and HLA-I chromogen-based
IHC panels, slides were scanned at high-resolution scan-
ning (20x) using the Olympus VS120 whole slide scanner.
IDO-1, TIM-3, LAG-3, and PD-L1 expression were
manually scored and reported as the average percentage
of tumor and ICs with moderate to strong membranous
staining in whole-section images. For IDO-1, tumor and IC
staining were considered positive when clear cytoplasmic
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and/or perinuclear staining was identified. Tonsillar
tissue functioned as an external positive control. The
percentage of positive s- and ielCs, along with the positive
TCs were calculated for each sample. Overall, a tumor
sample was considered positive for an immune co-regu-
lator if at least 5% of the cells (IC and/or TC) stained
positive. A positivity threshold of 1% was set specifically
for assessing the expression of immune co-regulators on
ielC.

HLA-I expression was manually assessed and classified
as “retained” or “loss” based on a 10% threshold of TCs
in whole-section images, consistent with criteria estab-
lished in a previous publication.”® Both membranous and
cytoplasmic positive staining were considered. Addition-
ally, an H-score was performed (0-300) to quantify the
percentage and intensity of the stained TCs (strong: 3+;
moderate: 2+; weak: +1; or absent: 0). Normal endome-
trial glands, stroma, and tumor-associated ICs were used
as internal positive controls. Tonsillar tissue was used as
the external positive control.

MMR and MLH1 promoter methylation status

MMRd status was diagnosed by IHC and is characterized
by the loss of nuclear immunostaining for at least one of
the MMR proteins that are routinely examined (MLHI,
PMS2, MSH2, and MSH6). Tumors with retained staining
for all MMR proteins were designated as MMRp.

The samples were stained sequentially with validated
antibody-generating IHC monoplex-staining panels
(online supplemental material S3). The MMR IHC panel
interpretation was performed by an expert pathologist
(CG). Unequivocal nuclear staining of lymphocytes,
fibroblasts, or normal epithelium in the vicinity of the
tumor served as internal positive control. Tonsillar tissue
was used as an external positive control.

Tumors demonstrating either dual MLH1/PMS2 loss or
isolated PMS2 were screened for MLHI1-promoter meth-
ylation using droplet digital PCR (ddPCR; Naica Geode,
Stilla). Tumors with confirmed methylation of MLHI
promoter were classified as methylated MLH1 (mMLH1),
while tumors with no proven methylation, dual MSH2/
MSHS6, or MSHG6-only loss were defined as non-methylated
MMRd (nmMMRd). Subsequently, all nmMMRd EC cases
were tested for Lynch syndrome-associated mutations. In
our cohort, ddPCR for MLHI1 methylation was informa-
tive in all except two cases, due to low DNA concentration
in the archived FFPE samples.

Clustering analyses
Unsupervised clustering was performed on the MMRd
EC cohort using a set of 16 immune biomarkers. This set
includes markers for 11 IC subsets, the HLA-I H-score,
and the expression of 4 immune co-regulators on ielCs.
A log2 transformation was applied following the
addition of 1 to the immune marker data, and median
centering was employed for the normalization of each
marker. The Ward 2 algorithm, coupled with Euclidean
distance, was used for hierarchical clustering, revealing

subgroups with distinct immune profiles. To enhance
heatmap visualization, the expression of each marker
was rescaled to the range (-1 to 1), represented by a
blue—yellow-red colormap. The corresponding clinico-
pathological features, namely MLH1 methylation, mTLS
presence, and response to ICI, were displayed at the
bottom of the heatmap.

To refine the selection of predictive biomarkers and
identify non-redundant subsets for ICI response predic-
tion, we opted for a brute-force feature selection method,
motivated by the modest data set size and the manageable
computational resource requirements. This approach
exhaustively evaluated all possible combinations, ranging
from N=2to N=16 biomarkers, employing the same clus-
tering analysis on the MMRd EC cohort. To assess the
significance of individual biomarkers in predicting R
versus NR, a Learning Vector Quantization model was
employed with five repeats of 10-fold cross-validation.

Through brute-force feature selection, we identified
the most predictive immune biomarker subsets as {ieCD8,
sCD8, HLA-1, PD-L1}, {ieCD8, sCD8, HLA-1, CD57+T cell},
{ieCD8, sCD8, HLA-1, NK cell}, and {sCD8, HLA-1, CD20,
CD68}, all exhibiting three false positives and no false nega-
tives. The top eight predictive biomarkers for Rs versus
NRs, as determined by the Learning Vector Quantization
model, were ieCDS8, PD-L1, LAG-3, IDO-1, CD57+T cell,
HILA-1, sCD8, and CD20, ranked in descending order of
importance. Considering both the most predictive subsets
and the biological relevance of individual markers, we
selected the subset {ieCD8, sCD8, HLLA-1, PD-L1} for a
reduced clustering model. Despite the relatively strong
Spearman correlation between ieCD8 and sCD8 (r=0.84),
excluding either CD8 marker did not yield comparable
results.

The identical processing and clustering analysis of the
16 markers were applied to the MMRp EC cohort for
immune profiling and subgroup classification. To align
the MMRp with the MMRd clusters, both cohorts were
processed together, and the same clustering analysis was
performed.

Logistic regression analysis

A binomial ridge logistic regression model was trained
using the four previously selected markers with R versus
NR as the outcome variable. Threefold cross-validation
was employed to identify the optimal value of the regular-
ization parameter A, using binomial deviance as the loss
function (mean=0.96, SD=0.24, with best A=0.02029303).
The area under the receiver operating characteristic
curve (AUROC) for the cross-validated samples was 0.92.
Subsequently, a final model was refit on the entire data
set using the optimal A. The resulting logistic regression
model is described by the following formula: logit(p)=1
.6274900+1.1239536-ieCD8-0.5074075-sCD8+1.643799
2-PD-L.1+0.6468771-HLA-I. The analysis was conducted
using R V.4.3.2 with the glmnet package V.4.1-8, caret
package V.6.0-94, and pROC package V.1.18.5.
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Statistical analysis

Statistical analyses were performed for both MMRd and
MMRp cohorts. No formal calculation of the power or
sample size was performed. Descriptive statistics were
used to summarize the clinicopathological characteris-
tics of the patients. Comparisons of categorical variables
between subgroups were performed using Fisher’s exact
test. Comparisons of numerical continuous variables
between subgroups were performed using the Mann-
Whitney U test. Wilcoxon signed-rank test was used to
compare paired samples. Statistical significance was
set at p<0.05. Statistical analyses were conducted using
GraphPad Prism (V.9.1.2).

PFS and OS estimations were calculated using the
Kaplan-Meier method in the MMRd cohort. Subgroup
survival comparisons were conducted using the log-rank
test. Specifically, survival analyses were performed using
R V.4.3.2 with survival package V.3.5-7 and survminer
package V.0.4.9.

RESULTS

Study population

29 patients with advanced or recurrent MMRd EC treated
with ICIs were identified. For each patient, a pre-ICI recur-
rent disease sample was preferentially analyzed (n=11).
If unavailable, a primary tumor sample was included in
the analysis (n=18) (figure 1A). The main clinicopatho-
logical features and treatment details of the patients are
summarized in table 1. 20 (69%) patients were classified
as ICI-Rs and 9 (31%) as ICI-NRs. There were no imbal-
ances between subgroups in terms of clinicopathological
characteristics or previous therapies. Low-grade endome-
trioid adenocarcinoma was the most common histological
subtype in both subgroups. Dual MLH1/PMS2 loss was
the most frequent MMR ITHC pattern. 22 (81%) MMRd
EC cases harbored MLH1 mMLHI and 5 (19%) were
nmMMRd including 3 Lynch syndromes. All nmMMRd
cases were ICI-Rs whereas only 64% of mMLH]1 were Rs.
Most patients in both subgroups received one prior line of
platinum-based chemotherapy in the advanced or recur-
rent setting. Approximately 80% of patients received anti-
PD-(L)1 monotherapy, while 20% received combination
therapies, all of which were exclusively immune-oncology-
based. Radiological response to ICI, as per RECIST
V.1.1, is summarized in figure 1A. At the data cut-off of
December 2023, with a median follow-up of 35 months,
13 of 20 Rs were still alive with a sustained response to ICI.
In contrast, among NRs, only one out of nine patients
remained alive. The median PFS was 65 months and 2
months for the R and NR subgroups, respectively (HR
0.14; 95% CI, 0.04 to 0.55; p<0.0001).

Assessment of IC subsets within the TME of MMRd EC and
their contribution to ICI response

Both, that is, and s CD8" (cytotoxic) T-cell densities were
significantly increased in R versus NR (median ieCD8"
T cells: 187.1 cell/mm? vs 2.5 cell/mm?, p=0.0002;

and median sCD8" T cells: 144.4 cell/me vs 4.5 cell/
mm?, p=0.03; figure 1B,C). ICIR also harbored signifi-
cantly more CD57°CD3" terminally-differentiated T cells
(median: 4.1 vs 0.0 cell/me, p=0.007; figure 1B,C). A
particular subset of CD8" cells, the CD8'CD103" T cells,
also known as tumorresident memory T cells (TRM),
showed a trend for higher infiltration in Rs (median: 1.1
vs 0.0 cell/mm?, p=0.08; figure 1B). There was no signif-
icant difference in the overall CD4" T cell, Foxp3'CD4"
Treg, or CD57°CD3™ NK cells (figure 1B). Regarding
CD20" cell infiltration, the median density was signifi-
cantly higher in the ICI-R (median: 8.2 cell/mm?® vs 1.4
Cell/me, p=0.03; figure 1B,C).

Regarding myeloid cells, ICI-R exhibited a significantly
higher infiltration of DClamp” dendritic cells (p=0.03)
but no significant differences in M1 or M2 macrophages
(online supplemental material S4).

The presence of mTLS is associated with ICI response

In total, 9 (31%) tumor samples of our cohort harbored
intraepithelial mTLS and/or within the invasive margin
(figure 2A-C), with 8/9 classified as ICI-R (figure 2D).
The presence of mTLS was also significantly associated
with increased ieCD8" T cells (median: 391.3 Cell/mm2 Vs
61.8 cell/mm?, p=0.0018).

HLA class | loss may contribute to the lack of ICI efficacy in
MMRd EC

Next, we explored the impact of tumor antigen-
presenting capacity on ICI efficacy in MMRd EC. Using
a cut-off of 10% for HLA-T tumor expression (figure 3A),
28% of samples had HLA-I loss (figure 3B) and harbored
drastically lower ieCD8" cell infiltration (median: 4.7cell/
mm?® vs 180 cell/mm?, p=0.003; figure 3C) compared with
HLA-Iretained tumors. HLA-I loss was significantly associ-
ated with a lack of response to ICI (75% NRs vs 14% NRs
among the HLA-I retained subgroup, p=0.04). Consistent
with these results, NRs had a significantly lower median
HLA-I H-score compared with Rs (12 vs 152, p=0.02).

Immune co-regulator molecules expression of ICI-R versus NR
MMRd EC

ICI-Rs were significantly more likely to be PD-L1-positive.
Using a cut-off of 5% positive TCs and/or ICs, 80% of ICI-R
were PD-Ll-positive (vs only 22% of ICI-NR, p=0.010).
Interestingly, these tumors also expressed other co-inhib-
itory molecules with 100% of ICI-R being IDO-1-positive
(vs 56% of NR, p=0.005), 90% being LAG-3-positive (vs
22% of NR, p=0.0007), and 90% TIM-3-positive (vs 44%
of NR, p=0.0164) (figure 4A). Thus ICI-R were more
likely to co-express multiple immune co-regulators: 95%
of ICIR expressed two or more co-regulators versus 55%
of ICI-NR.

As proximity between TCs and ICs has been suggested
as a possible mediator of ICI response, we next focused
on the immune co-regulator expression on IC in direct
contact with TCs (ieIC). While 89% (8/9) of ICI-NR
completely lacked PD-L1 positive ielCs, 67% (6/9) of
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Figure 1 IC subpopulations assessment and their impact on ICI efficacy. (A) Biomarker study overview. (B) Comparative
analyses of lymphocyte subsets and NK cell densities expressed as cells per mm? between ICl-responders and non-
responders, using the Mann-Whitney test. (C) Representative images of panel no. 2 (CD8), no. 3 (CD20), and no. 5 (CDS3,
CD57) in ICl-responders versus non-responders. CD57+T, terminally differentiated T cell; *p value<0.05; ***p value<0.001.

CR, complete response; EC, endometrial cancer; HLA-I, human leukocyte antigen class |; IC, immune cells; ICI, immune
checkpoint inhibitor; IDO-1, indoleamine 2,3-dioxygenase 1; le, intraepithelial; IHC, immunohistochemistry; LAG-3, lymphocyte
activation gene 3; MMRd, mismatch repair-deficient; NK, natural killer; NR, non-responder; PD, progression of disease; PD-L1,
programmed death-ligand 1; PR, partial response; R, responder; RECIST 1.1: Response Evaluation Criteria in Solid Tumors
version 1.1; S, stromal; SD, stable disease; TIM-3, T-cell immunoglobulin and mucin containing protein-3; TRM, tumor-resident
memory T cell.

6 Grau Bejar JF, et al. J Immunother Cancer 2024;12:¢009143. doi:10.1136/jitc-2024-009143



3

Open access

Table 1 Clinicopathological features and treatment details of the mismatch repair-deficient endometrial cancer cohort

Clinicopathological features

ICl-responders (n=20)

ICI non-responders (n=9)

Age (mean, years)
Histology (endometrioid/others®)
Histopathologic grade (low/high)
MMR [HC pattern

MLH1 methylation status

62

16 (80%)/4 (20%)

16 (80%)/4 (20%)
MHL1/PMS2 loss: 16 (80%)
MSH2/MSHS6 loss: 2 (10%)
PMS?2 isolated loss: 1 (5%)
MSHS6 isolated loss: 1 (5%)
mMLH1: 14 (70%)
nmMMRd: 5 (25%)
Unknown: 1 (5%)

60
8 (89%)/1 (11%)
6 (67%)/3 (33%)
MHL1/PMS2 loss: 9 (100%)

mMLH1: 8 (89%)
nmMMRd: 0 (0%)
Unknown: 1 (11%)

FIGO stage (I/1I/1II/IVA/IVB) at diagnosis

Initial complete surgery 16 (80%)

Adjuvant radiation therapy/chemotherapy 12 (60%)/6 (30%)

Number of prior lines of systemic therapy OL: 2 (10)

in the advanced or recurrent setting (n; %) 1. 14 (70)
2L:3(15)
>3L: 1 (5)

Prior exposure to platinum in the advanced 18 (90%)
or recurrent setting

ICI regimens

6 (30%)/0 (0%)/9 (45%)/5 (25%)

Anti-PD-1 single agent: 10 (50%)
Anti-PD-L1 single agent: 5 (25%)
Combinationt: 5 (25%)

3 (33%)/2 (23%)/3 (33%)/0 (0%)/1 (11%)
8 (89%)

8 (89%)/3 (33%)

oL:1(11)

1L:7 (78)

2L:1(11)

6 (67%)

Anti-PD-1 single agent: 7 (78%)

Anti-PD-L1 single agent: 1 (11%)
Combinationt: 1 (11%)

*Serous carcinoma, clear cell carcinoma, carcinosarcoma, and mixed carcinoma.
TAnti-PD-1+anti-TIM-3, anti-PD-1+anti-CTLA-4, and anti-PD-1+intratumoral oncolytic virus.

FAnti-PD-1+anti-TIM-3.

CTLA-4, cytotoxic T-lymphocyte associated protein 4; FIGO, The International Federation of Gynecology and Obstetrics; ICI, immune
checkpoint inhibitor; IHC, immunohistochemistry ; L, lines; mMHL1, methylated MLH1; nm-MMRd, non-methylated MMRd; PD-L1,
programmed death-ligand 1 ; TIM-3, T-cell immunoglobulin and mucin containing protein-3 .

NR tumors harbored positive ielCs for other action-
able immune co-regulators, especially IDO-1 and TIM-3
(figure 4B,C). In addition, on analyzing matched pre-ICI
and post-ICI samples of two NR patients (patient no. 2
achieved only 6 months of SD and patient no. 5 showed
progression as a best response), notable changes in
immune co-regulator expression on ielC were observed.
Specifically, there was a remarkable increase in TIM-3
expression in both cases (figure 4D).

The analysis of the immune co-regulator expression
on s-ICs and TCs in ICI-Rs versus NRs is summarized in
online supplemental material S5.

Impact of MMR deficiency mechanisms on the iTME of EC and
its association with ICI efficacy

As stated above, patients with nmMMRd EC in our cohort
appeared to respond better to ICIs compared with those
with mMLHI1 tumors. We then investigated the differ-
ences in iTME between mMLHI and nmMMRd cases.
In comparison to their mMLHI counterparts, nmMMRd
EC demonstrated significantly higher levels of ieCD8"
(median: 270.6 cells/mm? vs 69.4 cells/mm?, p=0.02),

and CD20" (median: 89.7 cells/mm? vs 4.3 cells/mm?,
p=0.02), as well as higher CD8/Foxp3 ratio (median: 19.0
vs 9.7, p=0.02). nmMMRd tumors also revealed a trend
for increased CD4+T cell and NK cell densities, as well as
a higher CD68/CD163 ratio (online supplemental mate-
rial S6A, B). nmMMRd cases also demonstrated signifi-
cant upregulation in most immune co-regulators on ieICs
including PD-L1 (median: 15% vs 1%, p=0.03), LAG-3
(median: 20% vs 3%, p=0.01), and TIM-3 (median: 20%
vs 5%, p=0.01) (online supplemental material S6C).

The iTME of ICI-NR MMRd may be even more immune-tolerant
than MMRp ECs
A cohort of 9 MMRp EC was established using primary
tumor (n=5) or metastatic biopsy samples (n=4). Among
the MMRp endometrial tumors, the most common histo-
logic subtype was high-grade endometrioid adenocarci-
noma, and over half of them had no specific molecular
profile (online supplemental material S7).

We next evaluated the iTME of the MMRp EC and
compared it to the previously described iTME of NR
MMRd tumors. Compared with MMRp EC, NR MMRd
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Figure 2 Relevance of mTLS for ICI efficacy. Representative image of an mTLS: (A) H&E, (B) multiplex chromogen-based IHC
no. 5, and (C) CD23-monoplex IHC panels. (D) Percentage of ICI-responders and non-responders according to the presence of
mTLS. (E) Comparative analysis of ieCD8+T cell between mTLS-positive (mTLS+) and mTLS-negative (mTLS-) tumors, using
the Mann-Whitney test. CD3: green, CD20: purple, CD68: yellow, CD57 and CD23: DAB; **p value<0.01. IC, immune cells; ICI,
immune checkpoint inhibitor; le, intraepithelial; IHC, immunohistochemistry; MP, macrophages; mTLS, mature tertiary lymphoid

structures; NR, non-response; R, response.

tumors exhibited significantly decreased ieCD8" T cell
(median: 2.5 cell/mm® vs 119 cell/mm? p=0.01), and
trend for decreased CD20"cell infiltration (median: 1.4
cell/mm?®vs 16.3 cell/mm?, p=0.06) (online supplemental
material S8A). HLA-I tumor expression was significantly
lower among NR MMRd tumors (median H-score: 12
vs 128, p=0.02; online supplemental material S8B). No
noticeable differences were detected in the immune
co-regulator expression on ielCs (online supplemental
material S8C).

Limited impact of pre-ICl standard treatments on iTME
evolution

We next investigated the dynamics of iTME of MMRd
EC on standard treatments, namely chemotherapy and
radiotherapy, prior to ICI initiation. Among the MMRd
EC cohort, five patients (three Rs and two NRs) had both

primary tumor and pre-ICI recurrent disease samples.
Most of them (4/5) received adjuvant radiotherapy+che-
motherapy, and all of them were treated with firstline
carboplatin-paclitaxel. Analysis of paired tumor samples
revealed no significant changes in CDS8", CDh4", CD20", or
DC—lamp+ IC densities, and PD-L1 upregulation on ielC.

Clustering analysis identified three MMRd EC clusters based
on immune biomarkers
The MMRd EC cohort was segregated into three clusters
based on 16 immune parameters including 11 IC subsets,
HLA-I H-score, and expression of 4 immune co-regula-
tors on ielCs. The three cohorts were characterized by
high T-cell infiltrated (high T, ), moderate T-cell infil-
trated (intermediate T, ), and desert (figure 5A).

The high T, _cluster accounted for 21% of the entire
MMRd EC cohort and was characterized by the highest
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Figure 3

Impact of HLA-I loss on ICI efficacy. Representative images of the HLA-I monoplex immunohistochemistry panel

showing two HLA-I tumor expression patterns: (A) HLA-I retained expression and (B) HLA-I loss. (C) Comparative analysis of
ieCD8+T cell infiltration in HLA-I retained versus loss mismatch repair-deficient endometrial cancer cases (Mann-Whitney test).
*p value<0.05; **p value<0.01. HLA-I, human leukocyte antigen class; ICIl, immune checkpoint inhibitor; NR, non-response; R,

response.

CD8’ cytotoxic and CD4" helper T-cell infiltration, as well
as higher terminally-differentiated CD57" T cell, CD20"
cell, and NK cell infiltration. All the tumors in this cluster
also had preserved HLA-I and all harbored mTLS. This
cluster also showed the highest expression of immune
co-regulators. All patients within this cluster were ICI-R
(figure bA).

At the other end of the spectrum, the desert cluster
(28% of MMRd cases) exhibited the lowest levels of CD8"
cytotoxic, ieTRM, and terminally differentiated CD57" T
cells. They were uniformly PD-L1 negative. Seven of the
eight tumors included in the desert cluster were ICI-NR
(figure bA).

The predominant subgroup within our cohort was
the intermediate T, , constituting 52% of all MMRd

inf?

EC cases. This cluster exhibited moderate infiltration
of CD8" cytotoxic and CD4" helper T cells and reduced
terminally differentiated CD57° T cells, CD20" cells,
and NK cells, compared with the High T, ; cluster. Only
two cases showed mTLS. Most of the tumors had MLHI1
promoter methylation and 87% of cases responded to ICI
(figure bA).

In the clinic, our priority is to develop a predictive assay
that is feasible in routine practice and identifies with
confidence ICI-NRs to guide these patients toward clinical
trials of novel therapies designed to overcome primary
resistance. We next aimed to narrow down the selection of
parameters from the original data set while maintaining
high accuracy in predicting ICI resistance. As detailed
in the methods, using a brute-force selection method, a
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Figure 4 Immune co-regulator expression in ICl-responders versus non- responders. (A) Percentage of samples with >5%

immune co-regulator expression on ICs and/or TCs in ICl-responders versus non-responders. (B) Comparative analysis of
immune co-regulator expression on ielCs between ICI-responders versus non- responders using the Mann-Whitney test.

(C) Percentage of immune co-regulator positive ielCs in the ICI non-responder subgroup (in bold those reaching 1% positivity
cut-off of immune co-regulators’ expression on ielCs). (D) Changes in immune co-regulator expression on ielCs in pre-ICl and
post-ICl tumor samples from two ICI non-responder cases. *p value<0.05; **p value<0.01; **p value<0.001. IC, immune cell;
ICI, immune checkpoint inhibitor; IDO-1, indoleamine 2,3-dioxygenase 1; le, intraepithelial; LAG-3, lymphocyte activation gene
3; NR, non-responder; PD-L1, programmed death-ligand 1; Pt, patient; R, responder; S, stromal; TC, tumor cell; TIM-3, T-cell

immunoglobulin and mucin containing protein-3.

Learning Vector Quantization model was applied to all
possible combinations of immune biomarkers and deter-
mined a combination of four features as most predictive:
ieCD8, sCD8, PD-L1, and HLA-I H-score. This simplified
model achieved an overall accuracy of 0.90 in predicting
ICI response, identical to that of the 16-marker cluster
model. All high T,  tumors were ICI-Rs, whereas approx-
imately 83% of cases in the intermediate T, cluster
responded to ICI. Importantly, the four-marker model

improved the prediction of ICI resistance, where all
tumors classified as desert were ICI-NR (figure 5B,C). A
logistic regression model using this four-immune marker
combination demonstrated excellent discriminative
power between ICI-Rs and NRs, with an AUROC of 0.92.

Additionally, these three immune clusters displayed
significantly different PFS and OS outcomes (figure 5D).
For the high Ti“f’ intermediate Tmﬁ and desert clusters,
median PFS durations were 40 months (95% CI, 40 to
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NA), 65 months (95% CI, 11 to NA), and 3 months (95%
CIL 2 to NA), respectively (log-rank p value for multigroup
comparison, p=0.0024). Regarding the median OS, dura-
tions were 52 months (95% CI, 52 to NA), 66 months
(95% CI, 15 to NA), and 7 months (95% CI, 3 to NA)
for the high Tinﬁ intermediate Tinf’ and desert clusters,
respectively (log-rank p value for multigroup comparison,
p<0.0001).

On the other hand, we conducted a cluster analysis of
the MMRp EC cohort using the 16-immune marker set.
When analyzing MMRd and MMRp cohorts together, we
observed that most of the MMRp samples grouped with
intermediate T-cell infiltrated or desert MMRd tumors,
on the right side of the heatmap. Only three MMRp
tumors were part of the high T__ cluster (online supple-
mental material S9).

DISCUSSION

This exploratory translational research study aimed to
address significant knowledge gaps regarding the iTME
composition and its influence on ICI efficacy within
MMRd EC. Current candidate predictive biomarkers for
ICI response primarily hinge on tumor-intrinsic features,
namely MMR protein status and TMB, displaying
moderate predictive utility. In contrast, our study explored
iTME-intrinsic features by combining spatial multiplexed
immune profiling and clustering analyses.

On assessment of multiple IC subsets within the TME
of the MMRd EC cohort, cytotoxic CDS8"' TILs, both the,
that is, and s subpopulations were most associated with
ICI response. Several reports established the prognostic
value of CD8" TILs in EC.*” * However, the predictive
role of TILs in EC has been scarcely explored. One study
showed no significant association between the presence
of CD8" ieTILs and response to ICI in MMRd EC.* These
contrasting results may be explained by methodological
differences. The previous study used manual counting
without details about the number of fields assessed or
whether focused on hot spots, whereas we performed
automated quantification of the total number of positive
TILs per mm® on whole-slide sections.

The present study also identified a rarely described
terminally differentiated T-cell subpopulation character-
ized by the expression of CD57, which was only found
within the iTME of ICI responders. This marker identifies
a subset of T and NK cells with low proliferative capacity,
but increased cytotoxic activity and is associated with
better prognosis in multiple tumor types.”” *" This Tcell
subset, whether present in iTME or the peripheral blood,
is also predictive of benefit from ICI in patients with non-
small cell lung cancer or urothelial cancer.”*

The presence of CD8'CD103" TRM cells predicts favor-
able prognosis in multiple tumor types, including EC**
and response to anti-PD-(L)1 antibodies.* Here we only
found a trend for higher median density of CD8'CD103"
T cells in ICI-R.

Beyond cytotoxic T cells, our study underscores the
substantial role of humoral immunity in the efficacy of
ICI as demonstrated by significantly greater levels of
CD20" cells and mTLS in ICI-Rs. These findings align
with a growing body of evidence suggesting that B
cells within the TME support antitumor immunity and
promote responses to ICL** A previous study demon-
strated the positive prognostic impact of mTLS in patients
with EC, independent of clinicopathological and molec-
ular factors.”” Moreover, mTLS serves as a significant
predictor of response to ICI across multiple solid tumors,
regardless of PD-L1 expression. Consistent with our data,
the previous study also showed that mTLS-positive tumors
displayed higher ieCD8" T-cell density.”

Regarding myeloid cells, we investigated the extent of
the antigen-presenting cell involvement in ICI efficacy.
Our results suggested a significant increase in DC-lamp”
mature dendritic cells in ICI-R tumors. Classical type I
HLA molecules are crucial for presenting cellular anti-
gens to T cells and are essential for immunosurveillance
and ICI efficacy.”™ We found HLA-I loss in 28% of MMRd
EC, consistent with a recent publication showing a 21%
diffuse loss.”® Importantly, HLA-I loss was associated with
significantly lower ieCD8 infiltration and resistance to
ICI. In alignment with these findings, various publica-
tions have linked the presence of mutations in beta-2
microglobulin, a structural component of major histo-
compatibility complex-peptide, with the resistance to ICI
in the MMRd EC population.'*’

In the context of EC, recent publications have high-
lighted the prevalence of PD-LI, IDO-1, TIM-3, and
LAG-3 expression, being particularly upregulated in the
MMRd EC subgroup.”™* We found higher expression
of all immune co-regulators in the ICI-R subgroup, both
globally and specifically on ielCs, compared with NRs,
likely explained by high CD8+Tcell infiltration. PD-L1
expression was not a sine qua non-requirement for a
response as 15% of ICI-R lacked PD-L1 expression on
ieICs. By comparison, 89% of NRs were PD-L1-negative.
When analyzing the predictive utility of PD-L1 upregula-
tion on ielC, 94% of PD-L1-positive MMRd tumors were
responsive to ICI therapy, while 27% of PD-L1-negative
tumors were also ICI-Rs. Acknowledging the differ-
ences in sample size, response classification, and PD-L1
scoring method (Combined Positive Score), the findings
regarding the predictive value of PD-L1 within the MMRd
cohort of the GARNET trial appear to be aligned with
our data. Indeed, the GARNET trial showed an ORR of
54.9% in MMRd/MSI-H EC with combined positive score
(CPS)=1, compared with 31.3% in those with a CPS<1%.
Thus, we contribute to the increasing body of data
that PD-L1 expression alone is not sufficient to predict
response to ICI within the MMRd EC.

Other co-regulators, particularly TIM-3, and IDO-1,
may contribute to primary and acquired immune resis-
tance in patients with MMRd EC. While ICI-NR were
almost uniformly PDLI1-negative, especially within the
tumor compartment, most expressed other actionable

12 Grau Bejar JF, et al. J Immunother Cancer 2024;12:¢009143. doi:10.1136/jitc-2024-009143


https://dx.doi.org/10.1136/jitc-2024-009143
https://dx.doi.org/10.1136/jitc-2024-009143

checkpoints, and escape was associated with upregulation
in these molecules. Whether targeting immune co-regu-
lators, beyond PD-L1, may overcome immune resistance
in a selected subgroup of MMRd EC merits investigation.

Within our study, the MMR loss mechanism appeared
relevant for ICI efficacy. All nmMMRd were ICI-R and
exhibited significantly greater densities of ieCD8" T cells,
CD20" B cells, and a higher CD8/Foxp3 ratio, consistent
with a previous study.” Interestingly, a recent research,
based on longitudinal single-cell RNA sequencing of
circulating ICs, demonstrated that the mechanism of
MMR deficiency may delineate two different modes of
response to anti-PD-1 in EC.**

As no single immune feature emerged as a robust
predictive biomarker, we performed a hierarchical unsu-
pervised clustering analysis of the MMRd EC cohort inte-
grating 16 immune parameters which resulted in three
distinct clusters exhibiting striking differences in their
immune profiles and response to ICI. Intriguingly, up
to 28% of MMRd EC were classified as desert tumors,
displaying a poorly infiltrated iTME, with seven of the
nine NRs in our cohort included in this cluster. On the
other extreme of the immune spectrum, the High T,
cluster, accounting for 21% of MMRd EC, was character-
ized by a highly inflamed TME, all being ICI-Rs. The most
common immune cluster (52%), the intermediate T_,
with a moderate T-cell infiltration, exhibited an 87% ICI
response.

We streamlined this complex cluster model for hypo-
thetical implementation in clinical use, by automatic
feature selection method identifying four key immune
parameters: ieCD8, sCD8, PD-L1, and HLA-I H-score.
This simplified model recapitulates two crucial factors
for ICI efficacy: preserved tumor antigen-presentation
capacity and the presence of exhausted cytotoxic T cells.
With fewer parameters, it improved the prediction of ICI
resistance within the desert cluster (100% were ICI NRs),
while slightly adjusting the prediction of ICI sensitivity
within the intermediate Tinf cluster to 83%. The high Tinf
cluster consistently identified ICI-Rs with 100% predictive
value. Notably, a logistic regression model demonstrated
excellent performance of this four-marker combination
in distinguishing between ICI-Rs and NRs, with a discrim-
inative power of 92%, outperforming the MMRd status
alone. On the other hand, our findings further under-
score the prognostic significance of this immune cluster
classification.

Furthermore, using archived primary tumor tissue may
be deemed acceptable, given our findings suggesting a
minimal impact of pre-ICI standard therapies on iTME
evolution.

Finally, our study highlighted that ICI-NR MMRd EC
harbored a much more immune-tolerant TME than
MMRp EC, with drastically lower IC infiltration and
antigen-presenting capacity. When both MMRd and
MMRp cohorts were integrated in the l16-maker cluster
analysis, most MMRp EC segregated within the low T-cell
clusters. However, a small subset of MMRp EC exhibited a

high T-cell infiltration, suggesting an increased likelihood
of response to ICI. Notably, these findings echo previous
studies reporting a high-TIL pattern in 27% and 22% of
pb3abn and p53 wild-type MMRp EC, respectively.”

Limitations of our work include the retrospective
nature, the small sample size, the clinical heteroge-
neity of the study population in terms of treatment line
and ICI-based regimens, and the absence of a matched
contemporary cohort of patients with MMRd EC who did
not receive ICIs in their disease history. This hinders us
from providing a methodologically appropriate demon-
stration of the purely predictive role of the proposed
classification. Large-scale prospective randomized studies
are warranted to confirm the predictive significance of
the biomarkers identified in MMRd EC or other MMRd
cancer populations.

To our knowledge, this study represents the first
comprehensive comparison of the iTME of MMRd EC
ICI-Rs versus NRs. Overall, Rs exhibited significantly
greater, that is, and sCD8" and harbored a unique
subset of terminally differentiated T cells, together with
higher immune co-regulator co-expression. Both high
CD20" B-cell infiltration and the presence of mTLS were
strongly associated with response to ICI. Furthermore, Rs
harbored a highly preserved antigen-presenting capacity
as demonstrated by high HLA-I tumor expression and the
presence of mature dendritic cells.

No individual immune parameter was powerful enough
to discriminate between Rs and NRs. Our clustering anal-
ysis suggests that MMRd EC is a heterogeneous immune
entity exhibiting at least three distinct immune patterns.
We demonstrated that a simplified four-marker model
significantly predicted ICI response within MMRd
EC. Notably, it identified a desert profile that robustly
predicted ICI resistance with a 100% predictive value.
Identifying these ICI-resistant patients is vital in clinical
practice, as it could steer them towards alternative thera-
peutic approaches beyond anti-PD-(L1) monotherapies.
This simple combination of biomarkers may be useful
to select not only patients with MMRd EC but also those
with other MMRd cancers, such as colorectal cancer,
for clinical trials exploring novel immunotherapeutic
approaches.
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