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Analysis of the immune checkpoint V-domain Ig-containing
suppressor of T-cell activation (VISTA) in endometrial cancer
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V-domain Ig-containing suppressor of T-cell activation (VISTA) is a novel immune checkpoint protein and a potential
immunotherapeutic target. However, its expression in endometrial cancer has not been clearly defined. This study aimed to
investigate VISTA expression and determine its associations with clinicopathological features, molecular subtypes, programmed cell
death-ligand 1 (PD-L1) expression, CD8-+ T-cell count, and survival in a cohort of 839 patients with endometrial cancer. Using direct
sequencing of the polymerase epsilon (POLE) exonuclease domain and immunohistochemistry for mismatch repair (MMR) proteins
and p53, we stratified endometrial cancers into four molecular subtypes: POLE ultramutated, MMR-deficient, p53-mutant, and
nonspecific molecular profile (NSMP). PD-L1, CD8, and VISTA were detected via immunohistochemistry. VISTA was expressed in the
immune cells of 76.6% (643/839) of the samples and in the tumor cells of 6.8% (57/839). VISTA positivity in the immune cells was
frequent in tumors staged I-lll, those with positive PD-L1 or high CD8+ T-cell density, and those representing POLE ultramutated
and MMR-deficient subtypes. Furthermore, VISTA positivity in tumor cells was more frequent in clear cell carcinoma samples. VISTA
in immune cells was associated with improved survival in the entire cohort as well as in the endometrioid histology, stage |, PD-L1-
negative, MMR-deficient, MMR-proficient, and high and low number of CD8+ T-cell-infiltrated tumor subgroups. VISTA in immune
cells was a prognostic factor overall, as well as in patients with endometrioid histology, independent of molecular subtype or CD8+
T-cell density. The data produced by this study, which was the largest to focus on VISTA expression in patients with endometrial

cancer to date, suggest that VISTA is a predictor of improved survival.
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INTRODUCTION

Endometrial cancer is the most prevalent gynecological cancer in
developed countries and its incidence rate continues to rise’.
Although great progress has been achieved in improving the
outcomes of women with this malignancy, effective novel
therapies beyond conventional treatment are necessary to
achieve the best chances of survival. This is especially true for
patients with high-grade endometrioid endometrial carcinoma
(EEC) and non-EEC, who are at high risks of recurrence.

Immune checkpoint inhibitors developed over the past decade
have been highly effective against numerous solid tumor types.
The programmed cell death-1 (PD-1) inhibitor pembrolizumab was
approved by the United States Food and Drug Administration for
use in mismatch repair-deficient (MMRd) or microsatellite
instability (MSI)-high solid tumors including endometrial cancer;
however, given that only 20-30% of endometrial cancers exhibit
MSI-high/MMRd, only a fraction of patients are eligible for this
treatment. Therefore, a better understanding of the immune
microenvironment is warranted to improve the response rates to
PD-1 inhibitors, develop more effective agents, and improve
survival in these subgroups of patients.

V-domain Ig-containing suppressor of T-cell activation (VISTA),
also known as PD-1H, and VSIR, is an immune checkpoint receptor

discovered in 2011, which is expressed on T cells and antigen-
presenting cells, and has been shown to suppress T-cell activation,
proliferation, and cytokine release>>. In contrast to PD-1 and
cytotoxic T-lymphocyte-associated antigen-4, VISTA can act as
both a ligand (by binding the co-inhibitory receptor P-selectin
glycoprotein ligand 1 in acidic conditions) and a receptor (by
binding the ligand V-set and immunoglobulin domain containing
protein 3) when regulating immune responses®®. Furthermore,
VISTA inhibition promotes anti-tumor immunity by synergizing
with PD ligand 1 (PD-L1) blockade in colon cancer models®. Given
its role in suppressing tumor-immune responses, two clinical trials
of VISTA-blocking agents are ongoing. One is a phase | study
(NCT04475523) that aims to evaluate the safety and anti-cancer
activity of CI-8993, which is a human immunoglobulin G1k
monoclonal antibody targeting the VISTA ligand, in patients with
relapsed/refractory solid tumors. The other is a phase | clinical trial
(NCT02812875) investigating CA-170, an oral PD-L1, PD-L2, and
VISTA checkpoint antagonist.

VISTA expression has been demonstrated in tumor-associated
immune cells (ICs) and/or tumor cells (TCs) in different types of
cancer’; e.g., it has been associated with unfavorable prognosis in
patients with oral squamous cell carcinoma®. However, in contrast
with its negative regulatory role in T-cell responses, increasing
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evidence suggests that VISTA expression on TCs or ICs correlates
with improved survival among patients with ovarian, breast,
colorectal, hepatocellular, and lung cancers, as well as in those
with malignant pleural mesothelioma, esophageal adenocarci-
noma, and craniopharyngioma®'®. Thus, the roles of VISTA in the
tumor-immune microenvironment and patient prognosis require
further exploration.

The Cancer Genome Atlas (TCGA) classifies endometrial cancer
into four molecular subtypes with distinct prognoses: DNA
polymerase epsilon (POLE) ultramutated (POLEmut), MSI hyper-
mutated, copy number-high, and copy number-low'’. In a study of
82 patients with endometrial cancer, Mulati et al.'® found that
VISTA was detected in all their specimens but was not associated
with patient survival. However, the association between VISTA, PD-
L1, and molecular subtype remains unknown. In addition, the
sample size in the study by Mulati et al.'® was small, rendering
their conclusions not very persuasive. Therefore, in the present
study, we aimed to investigate the expression of VISTA and its
potential associations with CD8+ T cells, PD-L1, molecular
subtypes, pathological features, and patient survival using a large
cohort of 839 patients with endometrial cancer.

MATERIALS AND METHODS

Study cohort and tissue microarray construction

This retrospective study included diagnostic (curettage) and final
hysterectomy specimens from patients diagnosed with grade 3 or 2-3
EEC and non-EEC between January 2009 and December 2019, or with
grade 1 or 1-2 EEC between January 2014 and December 2015, at the
Peking Union Medical College Hospital (Beijing, China). To determine the
depth of myometrial invasion, lymphovascular space invasion (LVSI), and
tumor histology and grade, hematoxylin and eosin-stained slides from
diagnostic and final hysterectomy specimens were reviewed by two
gynecological subspecialty pathologists (Z.H.L. and S.N.Y.), who were
blinded to the original pathology reports and to each other’s interpreta-
tions. In case of disagreement, a third expert pathologist (J.C) was
consulted to arrive at a final decision. Representative areas with tumor
tissue were marked on hematoxylin and eosin-stained slides and sampled
for tissue microarray (TMA) blocks. TMAs with single 2 mm core per case
were constructed using a tissue arrayer (MiniCore, Mitogen, Hertford, UK).
Patients who received neoadjuvant chemotherapy before surgery and
those with inadequate formalin-fixed and paraffin-embedded tissue blocks
or TMA cores were excluded from the study. Clinical data including age at
diagnosis, International Federation of Gynecology and Obstetrics (FIGO)
stage, postoperative adjuvant treatment (chemotherapy and/or radio-
therapy), date of recurrence or last follow-up, and patient status at the last
follow-up were collected from medical records. This study was approved
by the Institutional Review Board (SK-995); informed consent was not
required, owing to its retrospective nature.

POLE mutation analysis

As described previously'®, DNA extracted using the QiaAMP DNA micro kit
(QIAGEN, Ltd, Manchester, UK) was used as a PCR template to amplify POLE
exons 9-14; next, 150-200 bp products were amplified using 100 ng DNA
derived from formalin-fixed, paraffin-embedded samples. Sequencing
was performed using BigDye v3.1 terminator cycle sequencing chemistry
on an ABI 3730 DNA analyzer (Applied Biosystems, Inc., Foster City, CA).
All validated POLE mutations underwent bidirectional Sanger sequencing
twice.

Immunohistochemistry

Immunohistochemistry was performed using our laboratory protocol as
described previously'®'2?°, Briefly, 4pum TMA serial sections were
deparaffinized and subjected to heat-induced epitope retrieval with 10
mM sodium citrate (pH 6.0) at 95°C for 20 min. The endogenous
peroxidase activity was quenched using a 0.3% hydrogen peroxide
solution. TMA sections were incubated with primary antibodies against
PD-L1 (dilution 1:200, clone E1L3N, Cell Signaling Technology [CST],
Danvers, USA), VISTA (dilution 1:200, clone D1L2G, CST), CD8 (dilution 1:
200, clone D8A8Y, CST), p53 (clone MX008, Maxim Biotechnology, Fuzhou,
China), and the MMR-related proteins MSH2, MSH6, MLH1, and PMS2

Modern Pathology (2022) 35:266 -273

L. Zong et al.

(Ventana Medical Systems, Oro Valley, AZ). Human tonsil tissues treated
with primary antibodies were used as positive controls for PD-L1, VISTA,
and CD8 straining; stromal and inflammatory cells served as internal
controls for MMR and p53, whereas the same tissues with isotype-matched
antibodies comprised the negative controls. All the slides were stained
using an automatic immunohistochemistry staining instrument (BOND-III;
Leica Biosystems, Wetzlar, Germany) according to the manufacturer’s
instructions.

Assessment of PD-L1, VISTA, and CD8

PD-L1 was evaluated using the combined positive score (CPS), which was
calculated as the sum of the number of PD-L1-stained cells (TCs,
lymphocytes, and macrophages) divided by the total number of viable
TCs, with the quotient multiplied by 100. A CPS = 1 denoted positive PD-L1
expression. After immunohistochemical staining for CD8, TMA slides were
scanned using the digital slide scanner KF-PRO-020 (Kfbio, Ningbo, China).
The numbers of CD8+ T cells in each TMA core were counted using Fiji, an
open-source platform for biological image analysis®'. The CD8+ T cells
were divided into two groups according to density (high and low) using
the median (18 cells per core) as the cutoff. VISTA expression was
evaluated in TCs and ICs separately. TCs were considered VISTA-positive if
at least 1% of cells per TMA core had membranous and/or cytoplasmic
staining. The percentages of VISTA-expressing ICs were compared to those
of tumor-associated ICs per TMA core and were recorded as continuous
variables; ICs with > 1% VISTA staining were defined as VISTA-positive, as
described previously®.

Molecular subgroup assignment

DNA mismatch repair protein status was considered MMRd if the tumor
exhibited a complete loss of nuclear expression of any of the MMR proteins
(MLH1, PMS2, MSH2, and/or MSH6) and was considered MMR-proficient if
all four MMR proteins in TCs had positive nuclear staining in the presence
of an intact internal control. Mutation-type p53 staining was defined as
intense and diffuse (> 70%) nuclear staining or the complete absence of
protein expression in the TC nuclei; wild-type expression was defined as
weak and heterogeneous staining. Endometrial cancers were categorized
into the following molecular subgroups, as described previously*>>3:
POLEmut (tumors with pathogenic variants in the exonuclease domain of
POLE), MMRd (tumors with MMRd in the absence of POLE mutation), p53-
mutant (p53mut; tumors with mutation-type p53 staining in the absence
of POLE mutations or MMRd), and nonspecific molecular profile (NSMP;
exhibiting no POLE, MMR, or p53 alterations). These classifications are
analogous to TCGA categories of POLEmut, MSI hypermutated, copy
number-high, and copy number-low, respectively.

Statistical analysis

The y*-test was used to determine the association between categorical
variables. The Spearman’s rank correlation coefficient was used to
determine the correlation between continuous variables. Relapse-free
survival (RFS) was defined as the interval between the date of surgery and
that of the detection of the first local, regional, and/or distant relapse.
Disease-specific survival (DSS) was defined as the interval between the
date of surgery and that of death caused by endometrial cancer. Survival
curves were plotted using the Kaplan-Meier method and compared using
the log-rank test. To identify prognostic predictors, univariate and
multivariate survival analyses were performed using the Cox proportional
hazards regression model and hazard ratios (HRs) with 95% confidence
intervals (Cls) for recurrence and death were calculated. All statistical
analyses were conducted using the Statistical Package for the Social
Sciences (version 20.0; IBM Corp., Armonk, NY, USA). A two-sided P-value <
0.05 was considered statistically significant.

RESULTS

VISTA expression in endometrial cancer

A total of 839 patients with endometrial cancer were included in
this study; their median age was 58 years (range, 25-88 years). The
clinicopathological characteristics of these patients are summar-
ized in Supplementary Table S1. Molecular subgroup analysis was
performed in 592 of the patients, including 451 with EEC and
141 with non-EEC. Patients received treatment according to
the standard of care provided by Peking Union Medical College
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Fig. 1

V-domain Ig suppressor of T-cell activation (VISTA) in endometrial cancer. Hematoxylin and eosin-stained sections (left column) with

corresponding immunohistochemical staining for VISTA (right column) in A, B immune cells of endometrioid carcinoma and C, D tumor cells

of clear cell carcinoma.

Hospital. Adjuvant treatment, when required, included radio-
therapy (pelvic external beam radiotherapy and/or vaginal
brachytherapy) with or without platinum-based chemotherapy.
None of the patients received immune checkpoint inhibitors or
other immunotherapeutic agents.

VISTA was detected in tumor-associated ICs and endometrial
TCs, exhibiting a membranous/cytoplasmic staining pattern in both
(Fig. 1). VISTA expression in ICs was observed in 76.6% (643/839) of
the samples, whereas its expression in TCs was observed in 6.8%
(57/839). Positive PD-L1 (i.e, a CPS=1) was observed in 45.1%
(376/833). Of the 833 patient samples for which data regarding
both proteins were available, 337 (40.5%) were double-positive for
VISTA in ICs and PD-L1, 156 (18.7%) were double-negative, and 340
(40.8%) had only 1 or the other.

VISTA expression across molecular subgroups and its
association with immune markers

The associations between VISTA expression in ICs/TCs and the
patients’ clinicopathological characteristics, PD-L1 expression, and
CD8+ T-cell density are presented in Table 1. VISTA positivity in
TCs was observed significantly more frequently in samples from
patients =58 years of age as well as that representing clear cell
carcinoma. VISTA positivity in ICs was more frequent in tumors
with FIGO stage I-lll, positive PD-L1, high CD8+ T-cell density, and
MMRd. Likewise, when evaluated as a continuous variable, the
percentage of VISTA-positive ICs showed a significant positive
correlation with CD8+ T-cell density (Spearman’s p=0.410, P<
0.001) and the CPS of PD-L1 (Spearman’s p =0.548, P <0.001).
Among the four molecular subgroups, POLEmut and MMRd
tumors exhibited higher relative frequencies of positive VISTA
expression in ICs, PD-L1 expression, and high CD8+ T-cell density
than did NSMP and p53mut tumors (Table 1 and Supplementary
Table S2). In contrast, VISTA positivity in TCs was not associated
with PD-L1 expression, CD8+ T-cell density, MMR status, or
molecular subtype. In addition, VISTA positivity in ICs was not
associated with patient age or pathological features such as tumor
histology, grade, LVSI, and myometrial invasion.

Association between VISTA expression and prognosis in
patients with endometrial cancer

After excluding patients who only had curettage specimens
available and those whose follow-up times were under 3 months,
666 patients who underwent total hysterectomy with complete
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adjuvant systemic therapy (when necessary) were subjected to
survival analysis. There were no significant differences between
the entire cohort of 839 patients and the subgroup that
underwent survival analysis in terms of clinicopathological
parameters (data not shown). After a median follow-up of
31 months (range, 4-121 months), 88 patients (13.2%) had
relapsed and 64 (9.6%) had died of endometrial cancer as of
July 2020.

Univariate analysis showed that age, FIGO stage, tumor grade,
histology, depth of myometrial invasion, LVSI, VISTA in ICs, and
molecular subgroup were significantly associated with RFS and
DSS (Supplementary Table S3 and Fig. S1). VISTA in TCs, PD-L1
expression, and CD8+ T-cell density were not associated with the
survival of patients overall (Supplementary Table S3). However,
positive expression of VISTA in ICs was significantly associated
with improved RFS (Fig. 2) and DSS (Supplementary Fig. S2) in
the entire cohort. Next, patients whose molecular subtypes
were known (N =477) were subjected to multivariate analysis;
there were no significant differences between this group and the
remaining 189 patients with unknown molecular subtypes in
terms of RFS (P=0.686), DSS (P =0.688), immune markers (i.e.,
VISTA in ICs, PD-L1, and CD8+ T cells), and clinicopathological
features (age, FIGO stage, tumor grade, LVSI, and myometrial
invasion), except for tumor histology (Supplementary Table S4).
VISTA in ICs remained a significant survival factor in multivariate
analysis, as its positivity was a predictor of improved RFS (HR =
0.55, 95% Cl 0.33-0.91, P=0.021) and DSS (HR=0.52, 95% Cl
0.29-0.93, P=0.029) independent of molecular subtype, FIGO
stage, tumor grade, or LVSI (Table 2).

The association between VISTA and survival was analyzed in
patient subgroups stratified by FIGO stage, tumor histology, MMR
status, PD-L1 status, and CD8+ T-cell density. Positive VISTA in ICs
was significantly associated with improved RFS and DSS in
patients with FIGO stage | (N=447), EEC (N=485), MMR-
proficient tumors (N =486), low CD8+ T-cell density (N=324),
high CD8+ T-cell density (N=341), and PD-L1-negative tumors
(N=358) (Fig. 2 and Supplementary Fig. S2). VISTA in ICs was
positively associated with RFS (Fig. 2), but not with DSS
(Supplementary Fig. S2) in patients with MMRd tumors (N=
177). VISTA in ICs was not associated with survival in patients with
FIGO stage II-IV, non-EEC, or PD-L1-positive tumors. We also
evaluated the prognostic significance of VISTA expression in ICs
within each molecular subtype. In patients with MMRd tumors
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L. Zong et al.

Table 1.
Parameters N VISTA in ICs
Negative N Positive N (%)

Age (N =839)

<58 years 412 20 322 (78.2)

=58 years 427 106 321 (75.2)
FIGO stage (N = 804)

| 546 118 428 (78.4)

I 39 4 35 (89.7)

1] 174 42 132 (75.9)

vV 45 20 25 (55.6)
Tumor grade (N =839)

Low 407 85 322 (79.1)

High 432 111 321 (74.3)
Histology (N = 839)

Endometrioid 596 130 466 (78.2)

Serous 114 27 87 (76.3)

Clear cell 47 10 37 (78.7)

Carcinosarcoma 54 21 33 (61.1)

Others 28 8 20 (71.4)
Myometrial invasion (N = 809)

<1/2 588 126 462 (78.6)

>1/2 221 59 162 (73.3)
LVSI (N =813)

Absent 585 132 453 (77.4)

Present 233 57 176 (75.5)
Mismatch repair (N = 829)

Proficient 615 166 449 (73.0)

Deficient 214 27 187 (87.4)
Molecular subgroup (N = 598)

POLEmut 51 5 46 (90.2)

MMRd 163 23 140 (85.9)

NSMP 246 68 178 (72.4)

p53mut 132 44 88 (66.7)
PD-L1 (N=833)

Negative 457 156 301 (65.9)

Positive 376 39 337 (89.6)
Density of CD8+ T cell (N=837)

Low 416 127 289 (69.4)

High 421 68 353 (83.8)

VISTA expression and its association with the clinicopathologic parameters of patients with endometrial cancer.

P-value VISTA in TCs P-value
Negative N Positive N (%)

0.308 0.003
395 17 (4.1)
387 40 (9.4)

0.001 0.695
512 34 (6.2)
35 4 (10.3)
161 13 (7.5)
43 2 (44)

0.10 0.121
385 22 (5.4)
397 35 (8.1)

0.071 <0.001
567 28 (4.7)
105 9 (7.9)
33 14 (29.8)
49 5(9.2)
27 1 (3.5)

0.112 0.477
551 37 (6.3)
204 17 (7.7)

0.561 0.257
542 43 (7.4)
221 12 (5.2)

<0.001 0.437
571 44 (7.2)
202 12 (5.6)

<0.001 0.50
49 2 (3.9
153 10 (6.1)
232 17 (6.8)
122 13 (9.6)

<0.001 0.304
422 35 (7.7)
354 22 (5.9)

<0.001 0.928
388 28 (6.7)
392 29 (6.9)

FIGO International Federation of Gynecology and Obstetrics, ICs immune cells, LVSI lymphovascular space invasion, MMRd mismatch repair-deficient, NSMP
nonspecific molecular profile, p53mut P53 mutation, PD-LT programmed cell death-ligand 1; POLEmut polymerase epsilon mutation, TCs tumor cells, VISTA

V-domain Ig suppressor of T-cell activation.

(N=136), VISTA expression was positively associated with RFS
(P=0.035) but not with DSS (P =0.165); its expression was not
associated with survival in patients whose tumors were of the
other three molecular subtypes.

Considering that EEC is the most common subtype of
endometrial cancer, we further strove to identify predictors of
survival in patients with this disease. A high CD8-+ T-cell density
was found to be associated with longer survival in patients with
EEC even though it was not associated with survival when
analyzing the entire cohort (Supplementary Table S5). In
univariate analysis, we found that FIGO stage, VISTA expression
in ICs, CD8+ T-cell density, molecular subtype, and pathological

Modern Pathology (2022) 35:266 -273

features (tumor grade, LVSI, and myometrial invasion) were
correlated with survival (Supplementary Table S5). In multivariate
analysis, VISTA positivity in ICs was a predictor of improved RFS
and DSS, independent of FIGO stage, pathological features, or
CD8+ T-cell density (Table 3).

DISCUSSION

To our knowledge, ours was the largest study to date on the role
of VISTA in patients with endometrial cancer and the first to
examine its expression in individual molecular subtypes of this
disease. VISTA expression was detected in both TCs and ICs,
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Fig.2 Kaplan-Meier curves of patients with endometrial cancer. Relapse-free survival (RFS) of patients A in the entire cohort, B FIGO stage |,
C endometrioid endometrial carcinoma (EEC), D mismatch repair (MMR)-deficient, E MMR-proficient, F high CD8+ T-cell density, G low CD8+
T-cell density, H PD-L1-negative, and | PD-L1-positive tumor subgroups according to the expression of V-domain Ig suppressor of T-cell

activation (VISTA) in immune cells.

predominantly in the latter. VISTA positivity in ICs was observed
significantly more frequently in early-stage tumors, as well as in
those exhibiting PD-L1 positivity, high CD8+ T-cell density, and
MMRd and POLEmut subtypes; its IC positivity was found to be
associated with a favorable prognosis and was a predictor of
improved survival independent of FIGO stage, molecular subtype,
CD8+ T-cell density, or MMR status.

VISTA is not expressed in most solid tissues, except the tonsil,
spleen, and placenta. However, it is present in many cancers such
as ovarian, pancreatic, gastric, lung, breast, prostate, colorectal,
cervical, and endometrial cancers, as well as hepatocellular
carcinoma, craniopharyngioma, gestational trophoblastic neo-
plasia, and melanoma® '®'82024°28 " Mylati et al.'® observed
tumoral VISTA expression in all of their 82 endometrial cancer
specimens. However, they found VISTA expression in the T cells
of only four samples'®. In the present study, VISTA expression
was detected in both TCs (6.8%) and ICs (76.6%), predominantly
in the latter, which was consistent with its expression patterns in
breast, colorectal, and gastric cancers, as well as esophageal
adenocarcinoma'®'?'>2>_|n addition, VISTA in TCs was observed
more frequently in clear cell carcinoma (29.8%) than in other
histological types. The discrepancy between our and Mulati
et al's'® findings may be explained by different anti-VISTA
antibodies used for immunohistochemistry, varying staining
techniques, and the definition of VISTA positivity. To date, only
two studies including ours have investigated VISTA in endome-
trial cancer; as such, additional studies are warranted to improve
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our understanding of the role of the immune microenvironment
in this disease.

The association between VISTA, MMR status, CD8, and PD-L1 has
been investigated previously in other cancer types. VISTA expres-
sion in ICs was associated with PD-L1 in ovarian, gastric, and lung
cancers, as well as in craniopharyngioma®'"'®2>, In our previous
study of breast cancer, VISTA in ICs correlated with PD-1, PD-L1,
CD8, and tumor-infiltrating lymphocytes'?, and in our study of
colorectal cancer, high VISTA in ICs was observed more frequently
in tumors with MMRd and high CD8+ T-cell density'®. Consistent
with findings in other cancers, VISTA in ICs was positively correlated
with PD-L1, high CD8+ T-cell density, and MMRd in endometrial
tumors. As with PD-L1 and CD8+ T cells, VISTA in ICs was more
frequent in POLEmut and MMRd molecular subtypes, which were
characterized by ultramutated and/or hypermutated tumors, high
neoantigen loads, and robust tumor-infiltrating lymphocyte
responses'7?3°, |n addition, high VISTA expression in ICs was
observed more often in KRAS- and PIK3CA-mutant gastric cancers
and in BRAF-mutant craniopharyngioma®?>. Although the tumor
mutation burden was not directly measured, the associations
between VISTA and certain gene alterations that are linked to
mutational burdens indicate that the tumor mutation load and/or
molecular features influence either the expression of VISTA in ICs or
the infiltration of VISTA-positive ICs into tumors. However, the
regulatory mechanism of VISTA and its association with tumor
mutational burden remain unknown; as such, future studies are
warranted to identify and validate VISTA expression patterns and
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Table 2. Multivariate analysis of factors potentially predictive of survival in patients with endometrial cancer (N = 477).

Parameters

FIGO stage
-1V vs. |
LVvSI
Present vs. absent
VISTA in ICs
Positive vs. negative
Molecular subtype
POLEmut vs. NSMP
MMRd vs. NSMP
p53mut vs. NSMP

Relapse-free survival

HR (95% Cl)
3.38 (1.82-6.27)
1.74 (1.00-2.99)
0.55 (0.33-0.91)
0.0 (0.0-7.5E227)

0.92 (0.43-1.97)
2.81 (1.46-5.39)

Disease-specific survival

Tumor grade
High vs. low -

P-value HR (95% CI) P-value
<0.001 2.32 (1.06-5.08) 0.036
0.048 2.55 (1.32-4.89) 0.005
0.021 0.52 (0.29-0.93) 0.029
<0.001 <0.001
0.964 0.0 (0.0-4.5E290) 0.969
0.827 0.43 (0.16-1.15) 0.091

0.002 1.59 (0.73-3.45) 0.24
- 2.55 (1.06-6.10) 0.036

Cl confidence interval, FIGO International Federation of Gynecology and Obstetrics, HR hazard ratio, /ICs immune cells, LVSI lymphovascular space invasion,
MMRd mismatch repair-deficient, NSMP nonspecific molecular profile, p53mut P53 mutation, POLEmut polymerase epsilon mutation, VISTA V-domain Ig

suppressor of T-cell activation.

Table 3. Multivariate analysis of factors potentially predictive of survival in patients with endometrioid endometrial carcinoma (N = 370).

Parameters Relapse-free survival

HR (95% Cl)
FIGO stage
-1V vs. | 4.39 (2.12-9.09)
VISTA in ICs
Positive vs. negative 0.39 (0.20-0.77)

Tumor grade

High vs. low 2.74 (1.21-6.23)
CD8+ T-cell density

High vs. low 0.40 (0.19-0.83)
LvSI

Present vs. absent -

Disease-specific survival

P-value HR (95% CI) P-value
<0.001 3.58 (1.47-8.70) 0.005
0.006 0.29 (0.13-0.65) 0.003
0.016 2.78 (1.07-7.26) 0.036
0.015 0.38 (0.15-0.96) 0.040
- 2.76 (1.15-6.60) 0.023

Cl confidence interval, FIGO International Federation of Gynecology and Obstetrics, HR, hazard ratio, ICs immune cells, LVS/ lymphovascular space invasion,

VISTA V-domain Ig suppressor of T-cell activation.

regulatory mechanisms in endometrial cancer, as this may assist in
guiding immunotherapeutic interventions.

VISTA has been identified as a co-inhibitory molecule that
suppresses T-cell-mediated immunity and promotes immune
escape”>. VISTA expression was found to be a poor prognostic
factor in patients with oral squamous cell carcinoma® and in those
with primary cutaneous melanoma®*. However, increasing evi-
dence suggests that VISTA correlates with improved survival in
patients with numerous other types of cancer’'. Consistent with
our findings in breast and colorectal cancer'®'?, VISTA expression
in ICs, but not in TCs, was associated with early-stage disease and
improved survival in patients with endometrial cancer, and was a
prognostic factor independent of tumor stage or molecular
subtypes. Molecular subtypes as categorized by TCGA have
proved to be strong prognostic indicators and molecularly
integrated prognostic risk groups have been used to guide
adjuvant treatment for patients with endometrial cancer®>32. In a
study of 460 endometrial cancer specimens, Talhouk et al.>° found
that the “proactive molecular risk classifier in endometrial cancer”
molecular subtype was the only independent prognostic factor in
their multivariable models that also incorporated T-cell markers
and tumor-infiltrating lymphocyte clusters as analytical variables.

Modern Pathology (2022) 35:266 -273

In contrast to Talhouk et al.'s*° results, we found both molecular
subtype and VISTA expression in ICs had prognostic value on
multivariable analysis. Furthermore, VISTA in ICs was associated
with survival in patients with MMR-proficient and MMRd tumors.
Our data suggest that VISTA in ICs is a predictor of improved RFS
independent of molecular subtype. Therefore, the VISTA-based
immunoscore, just like the T-cell immunoscore in colon cancer®,
may be taken into consideration for endometrial cancer risk
classification once the prognostic value of VISTA is validated
widely. Importantly, the association between VISTA expression
and favorable prognosis suggests that using anti-VISTA therapy to
treat cancer may be detrimental to the patients. Further research
is required to clarify the roles of VISTA in different cancers,
including endometrial cancer.

Although VISTA expression in ICs was positively correlated with
CD8+ T-cell density, VISTA remained associated with RFS in
patients with both high and low numbers of CD8+ T-cell-
infiltrated tumors. In subgroup analysis of EEC, both VISTA in ICs
and CD8+ T-cell density were found to be predictors of survival,
suggesting that the prognostic value of VISTA is independent of
CD8+ T cells. Previous studies, including ours in colorectal cancer,
showed that VISTA was predominantly expressed on myeloid-
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derived cells such as CD11b+, CD45+, and CD14+ cells, as well as
CD68+ macrophages in the peripheral blood and tumor
microenvironment'*3477_ This may explain the prognostic value
of VISTA in patients exhibiting a low number of CD8+ T-cell-
infiltrated tumors.

The strengths of our study included that it was the first to
investigate VISTA across different endometrial cancer molecular
subtypes and its prognostic value in such a large cohort of
patients with this disease who were treated at a tertiary hospital.
However, there were also some limitations. First, it was a
retrospective investigation that had inherent, unavoidable biases.
Second, the TMAs may not have accurately represented the
entirety of each sample given intratumoral heterogeneity. Third,
our study was limited by its single-center nature and the lack of an
independent validation cohort. Furthermore, the co-localization of
VISTA and IC subgroups was not analyzed; hence, future studies
that use multiplex immunofluorescence methods are warranted to
elucidate the expression and function of VISTA within the tumor-
immune microenvironment.

In conclusion, our assessment of the expression of VISTA in a
large cohort of patients with endometrial cancer revealed that this
protein is expressed in ICs and TCs, predominantly in the former.
We found that VISTA positivity in ICs, but not in TCs, was more
frequent in tumors representing early-stage disease, PD-L1
positivity, high CD8+ T-cell density, and POLEmut and MMRd
subtypes. Moreover, VISTA in ICs was associated with a favorable
prognosis independent of molecular subtype or CD8+ T-cell
density. Given that our data suggest that VISTA expression is a
predictor of improved survival, its inhibition may be counter-
productive for patients with endometrial cancer. This ought to be
considered in any future trials of VISTA-modulating immunother-
apy for patients with this disease. Further research is required to
clarify the underlying regulatory mechanisms of VISTA and its
biological roles in endometrial cancer.
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