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Patients with endometrial cancer differ in terms of the extent of T-cell infiltration; however, the association between T-cell
subpopulations and patient outcomes remains unexplored. We characterized 285 early-stage endometrial carcinoma samples for
T-cell infiltrates in a tissue microarray format using multiplex fluorescent immunohistochemistry. The proportion of T cells and their
subpopulations were associated with clinicopathological features and relapse-free survival outcomes. CD3+ CD4+ infiltrates were
more abundant in the patients with higher grade or non-endometrioid histology. Cytotoxic T cells (CD25+, PD-1+, and PD-L1+)
were strongly associated with longer relapse-free survival. Moreover, CD3+ PD-1+ stromal cells were independent of other
immune T-cell populations and clinicopathological factors in predicting relapses. Patients with high stromal T-cell fraction of CD3+
PD-1+ cells were associated with a 5-year relapse-free survival rate of 93.7% compared to 79.0% in patients with low CD3+ PD-1+
fraction. Moreover, in patients classically linked to a favorable outcome (such as endometrioid subtype and low-grade tumors), the
stromal CD3+ PD-1+ T-cell fraction remained prognostically significant. This study supports that T-cell infiltrates play a significant
prognostic role in early-stage endometrial carcinoma. Specifically, CD3+ PD-1+ stromal cells emerge as a promising novel
prognostic biomarker.
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INTRODUCTION
Endometrial cancer is one of the most common malignancies in
women in the Western world, with endometrioid the most
prevalent histological subtype1. Most cases are diagnosed in the
early stages (I and II), when a large majority of patients will be
cured. However, between 10% and 20% of these patients will
experience a relapse, which is conditioned by clinicopathological
factors, including age, histology, differentiation, myometrial
invasion, lymphovascular space infiltration (LVSI), and disease
stage. Despite these prognostic factors and the various risk
stratifications proposed by the European Society of Medical
Oncology (ESMO), European Society of Gynecological Oncology
(ESGO) and European Society for Radiotherapy and Oncology
(ESTRO), the outcome predictions remain imperfect2. The intro-
duction of molecular biomarkers could significantly improve the
diagnostic and prognostic precision. A number of these markers
have been recently recommended for routine diagnosis in the
current endometrial cancer World Health Organization classifica-
tion and the ESGO-ESTRO-European Society of Pathology (ESP)
guidelines3,4.

Four distinct molecular subgroups of endometrial cancer have
been discovered in The Cancer Genome Atlas (TCGA)5. These have
been confirmed by the ProMisE study using surrogate markers6,7.
The POLE mutated subgroup is associated with the most favorable
prognosis and is composed of tumors with an alteration in the
exonuclease domain (EDM) of the POLE gene. The p53 abnormal
(p53abn) subgroup is composed of tumors with alterations in the
TP53 gene and confers the worst prognosis. Of the two
intermediate risk subgroups, the Mismatch Repair deficient
(MMRd) subtype is characterized by alterations in the MMR genes,
and the p53 wild type or nonspecific molecular profile (p53wt/
NSMP) comprises the remaining patients. Other additional
biomarkers have been explored, such as CTNNB1 mutation or
L1CAM expression, but have not yet been integrated into the
international guidelines3,8,9.
The relevance of the microenvironment in cancer development

and progression is widely accepted, but the role of T-cell infiltrates
in endometrial carcinoma is unclear10. CD8+ cytotoxic T cells and
CD4+ helper T cells are the most frequent tumor-infiltrating
lymphocytes (TILs). A high density of cytotoxic T cells in the tumor
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microenvironment has previously been demonstrated to be
associated with a superior prognosis11–13. The POLE and MMRd
subtypes are characterized by more TILs infiltrates and a higher
mutational rate and have therefore been suggested as being more
sensitive for immunotherapy14–16. Regulatory T cells (Foxp3+) and
PD-(L)1 checkpoint inhibitor-expressing cells are known to inhibit
the antitumor activity of T cells, but their relation to the prognosis
in the tumor microenvironment is inconsistent, with controversies
regarding tumor types17.
A more precise definition of T-cell subpopulations would better

establish the impact of immune infiltrates on the prognosis of
endometrial cancer. In situ analysis of T-cell subpopulations using
novel fluorescent technologies can overcome many of the
limitations of conventional immunohistochemistry (IHC). Multi-
plexed fluorescence immunohistochemistry (mfIHC) enables the
quantification of cells with marker combination phenotypes, such
as T cells (CD3+) and their subpopulations (e.g., CD3+ CD8+ for
cytotoxic T cells) in a spatial manner18,19.
In this study, we profiled T cells and double-marker defined T-cell

subpopulations in surgically resected early-stage endometrial cancer
samples and analyzed their association with the prognosis.

MATERIAL AND METHODS
Patients and clinicopathological characteristics
A retrospective cohort of patients diagnosed with early-stage (International
Federation of Gynecology and Obstetrics [FIGO] stage I or II) endometrial
carcinoma at Hospital Universitario La Paz between 2003 and 2015 were
identified as eligible for the study.
The patients were included consecutively if they had a minimum follow-

up of 5 years and a paraffin-embedded tumor sample.
The study analyzed the following clinicopathological characteristics: age,

histological subtype, FIGO stage, differentiation grade, LVSI, and myome-
trial infiltration. A risk classification was also performed applying 2016
ESMO-ESGO-ESTRO criteria2.
The study endpoint was relapse-free survival (RFS), defined as the time

between the surgery and the first evidence of relapse or death from
disease.
The study was approved by the local ethics committee (HULP#PI3778)

and was conducted in accordance with the ethical standards of the
Declaration of Helsinki of the World Medical Association.

Tissue microarray construction
Hematoxylin-eosin-stained slides were reviewed by an experienced
pathologist, in order to select the most suitable area for tissue microarrays
(TMAs). Selection was focused in the central tumor areas and based on the
presence of abundant tumor cells. 1.2-mm tissue punches were arranged
using a TMA workstation (Beecher Instruments, Silver Spring, MD, USA), as
described previously20.

Molecular classification
We classified the cases based on the surrogate markers described in the
ProMisE study: POLE mutated, MMRd, p53wt or NSMP, and p53abn [18].
DNA extracted from formalin-fixed paraffin-embedded (FFPE) samples was
analyzed by Sanger sequencing to identify mutations within POLE-EDM,
particularly in exons 9, 13, and 14. The expression of p53 and MMR
proteins by IHC was also evaluated. The primary antibodies employed in
this study (p53, Agilent Cat# GA616; MLH1, Agilent Cat# IR079; PMS2,
Agilent Cat# IR087; MSH2, Agilent Cat# IR085; and MSH6, Agilent Cat#
IR086) and the Envision kit for visualization were purchased from Agilent
Technologies.

Multiplex fluorescent immunohistochemistry
MfIHC is based on a methodology originally described by Blom et al. in
2017 [16]. Prior to staining, we processed 4-µm paraffin sections. We
employed 2 different antibody panels with 2 staining and imaging cycles;
Supplementary Table S1 lists the antibodies, their dilutions, and the
secondary fluorescent detection reagents. In the first-round of staining, we
amplified the antibodies with 488 and 555 Alexa fluorophore detection
using horseradish peroxidase-conjugated secondary antibodies and
tyramide signal amplification following the manufacturer’s instructions

(Life Technologies). We then denatured the antibodies through a 20-min
heat inactivation and applied a second set of secondary labeled anti-rabbit,
Alexa Fluor 647 (Thermo Fisher Scientific Cat# A-21236 and Cat# A-21245)
and anti-mouse Alexa Fluor 750 antibodies (Thermo Fisher Scientific Cat#
A-21037 and Cat# A-21039). Slides were co-stained with 4′,6-diamidino-2-
phenylindole (DAPI, Roche Life Science) and mounted with ProLong Gold
antifade mountant (Thermo Fisher Scientific). Coverslips were removed by
soaking the slides in wash buffer at 4 °C after whole-slide imaging. We then
bleached the Alexa Fluor staining by soaking the slides in TBS buffer
containing 25mM sodium hydroxide and 4.5% hydrogen peroxide. The
antibodies from the first staining round were denatured by heating
the slides in 10mM Tris/1 mM EDTA pH9 solution for 20min at 99 °C. The
second-round staining consisted of one antibody with anti-rabbit Alexa
Fluor 647 detection (none in panel 2) and a cocktail of antibodies for the
detection of epithelial cells using anti-mouse Alexa Fluor 750 labeling. The
second-round staining was co-stained with DAPI and mounted as
mentioned before prior to imaging.

Fluorescence tissue imaging
TMAs were whole-slide imaged using a Zeiss Axio Scan.Z1 digital slide
scanner with a 20X (0.8NA) Plan Apochromat objective lens, a Zeiss™
Colibri.7 LED Light Source, and a Hamamatsu ORCA-Flash 4.0 V2 Digital
CMOS Camera (16 bit) with the following filter specifications: DAPI cube
(Zeiss Filter Set 02), FITC cube (Zeiss Filter Set 38 HE), Cy3 cube (Chroma
Technology Corp. 49004 ET CY3/R), Cy5 cube (Chroma Technology Corp.
49006 ET CY5), and Cy7 cube (Chroma Technology Corp. 49007 ET CY7).

Image export and registration
Resized (25%) 16-bit TIFF-images (BigTIFF) (whole slide images) were
exported using original raw channel data. TMA spots were annotated using
FIJI Roi1 1-Click Tool Macro, and the spot co-ordinates were saved in CSV
format using the region of interest (ROI) Manager List tool. TMA spots were
cropped using the ROI extraction script R2019b in MatLab (MATLAB). The
images from the second imaging round were registered and overlayed
with the corresponding images from the first imaging round using the
DAPI channel information and a MatLab (MATLAB) registration script.
These scripts are available upon request.

Image analysis
For the image preprocessing, highly autofluorescent red blood cells were
detected and removed using the following procedure: We generated
3-channel RGB TIFFs using the 3.1.9 GrayToColor module (Panel 1: red_CD8
(647), green_Foxp3 (488), blue_CD3 (555); Panel 2: red_PD-L1 (555), green_CD3
(750), blue_CD8 (647)) from CellProfiler CellProfiler (Image Analysis Software).
We employed Ilastik-1.3.3.post2 machine learning software for teaching the
following tissue segments from the RGB images: empty, red blood cells, and
good tissue. The “good tissue” TIFF mask was included in the final image
analysis pipeline in 3.1.9 CellProfiler (Image Analysis Software), thereby
removing all red blood cells and empty areas in the analysis.
For the final image analysis, we classified each tissue-confined pixel in

3.1.9 CellProfiler (Image Analysis Software) as negative or positive for each
marker using a semi-automated procedure by applying a spot-wise
adaptive Otsu threshold with a visually determined lower bound limit. The
segmentation of epithelium and stroma was done by first detecting the
epithelium using adaptive Otsu thresholding of the epithelial antibody
cocktail channel image. Then the remaining tissue segment was classified
as the stroma. We exported the classified pixel numbers for each spot in
CSV format and normalized the pixel marker positivity to total tissue pixels
and to CD3-positive pixels to obtain positive tissue fractions and positive
T-cell fractions. In other words, in this image analysis procedure, we
measured markers in each pixel and classified them as positive or negative
for double marker combinations. The classification was semi-automated
using the adaptive Otsu thresholding (CellProfiler) plus a careful visual
inspection to apply a lower threshold limit for each marker. The analysis
does not produce exact cell numbers, but double marker positive fractions
from total tissue or from marker-defined positive areas, as done in Pollari
et al.19 and Autio et al.21. This image analysis approach was validated in
Blom et al. to produce highly similar results with a cell segmentation/
counting approach22. As a final quality check, we removed spots with
fewer than 200,000 good tissue pixels (mean, 485,000) or 10,000
epithelium pixels (mean, 310,000) from the survival analyses. Thus, the
final number of patients in the analysis was 285. Replicate spots from the
same patient were averaged.
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T-cell immune infiltrate quantification
T-cell frequencies were recorded as fractions from all cells (Figs. 2–4A) or as
fractions from T-cells (CD3+ cells only) (Figs. 4B–5). In addition, these cell
fractions were measured either from the epithelial tissue compartment
(Fig. 4C left bar and 4D left graph) on from the stromal tissue compartment
(Fig. 4C right bar and 4D right graph, Fig. 5A, B). Due to the low signal-to-
noise ratio in the PD-L1 staining, the automated adaptive thresholding for
this marker was unsuccessful. Thus, PD-L1-positive T cells (CD3+ PD-L1+)
were visually counted from all the TMA cores.

Statistical analysis
We employed R (R Core Team 2017), a language and environment
for statistical computing (R Foundation for Statistical Computing), and
SPSS Statistics (SPSS, version 25.0, IBM). Continuous data were
compared between two groups using a nonparametric Mann–Whitney
U test or among >2 groups using a Kruskal–Wallis test (asymptotic, 2-
tailed). Categorical values were compared between groups using
Fisher’s exact test. We employed Spearman’s rank correlation
coefficient to assess the correlation between continuous nonparametric
variables. We employed a univariate Cox regression analysis to
identify the cell fraction association with RFS. Prior to the Cox regression,
we multiplied the variables by 100 to make the hazard ratios (HRs) more
informative. We performed a Bonferroni correction to adjust for
multiple comparisons and compared the Kaplan–Meier survival
curves between groups using a log-rank test. In the Cox regression
analyses, we checked the proportional hazard assumption using
Schoenfeld residuals.

RESULTS
Patient characteristics
The final analysis included 285 patients diagnosed with early-
stage endometrial carcinoma who underwent a long-term

follow-up and had good-quality FFPE tissues. During a median
follow-up of 6.2 years, 44 of the 285 patients (15.4%) experienced
a relapse. Table 1 presents the main clinicopathological char-
acteristics and their association with RFS.

T-cell infiltrate characterization
We employed mfIHC for the in-situ characterization of T-cell
infiltrates (Fig. 1) and measured the T-cell fractions from all cells in
each patient by averaging the replicate cores except for CD3+ PD-
L1+, which were scored by visual cell counting (Supplementary
Table S2). T-helper cells (CD3+ CD4+) and cytotoxic T cells (CD3+
CD8+) were the most abundant T-cell subtypes, followed by
CD3+ CD25+, CD3+ PD-1+, and CD3+ FOXP3+ cells.

T-cell associations with clinicopathological characteristics
We explored the distribution of the T-cell infiltrates in
pathologically and molecularly defined patient subgroups.
T-helper cells were significantly more frequent in the non-
endometrioid carcinomas than in the endometrioid carcinomas,
as well as in higher grade (grade 3 vs. grade 1–2) tumors
(Fig. 2A–C).
There were no differences in T-cell populations between the

molecular ProMisE subgroups, except for CD3+ PD-1+ and CD3+
PD-L1+, which showed higher frequencies in MMRd tumors than
in p53wt/NSMP or p53abn (Fig. 2D–F). Moreover, there was a
reciprocal correlation between these T-cell subtypes (Spearman,
0.781), and both also correlated with tumor T-cell density
(Spearman 0.721 and 0.832), and all were statistically significant
(p < 0.001) (Supplementary Fig. S1A).
Additional correlations are summarized in Supplementary

Fig. S1 (B–F). None of the explored T-cell populations differed by

Table 1. Clinicopathological characteristics.

Univariate analysis (RFS)

Variable Subgroup N (%) HR (95% CI) p

Age, years <65 105 (37)

≥65 180 (63) 1.65 (0.85–3.20) 0.141

Histological subtype Endometrioid 255 (89)

Non-endometrioid 30 (11) 5.10 (2.65–9.82) <0.001

Grade 1 176 (62)

2 55 (19) 2.7 (1.23–5.74) 0.013

3 54 (19) 4.98 (2.51–9.90) <0.001

Stage Ia 196 (69)

Ib 72 (25) 2.91 (1.54–5.51) 0.001

II 17 (6) 5.94 (2.37–14.9) <0.001

Myometrial invasion No 55 (19)

Yes 229 (80) 11.24 (1.55–81.6) 0.017

LVSI No 231 (81)

Yes 52 (18) 2.99 (1.62–5.54) <0.001

ESMO risk group Low 144 (51)

Intermediate 41 (14) 5.77 (2.05–16.2) <0.001

High-intermediate 51 (18) 6.02 (2.22–16.3) <0.001

High 49 (17) 13.3 (5.27–33.7) <0.001

ProMisE group POLEmut 13 (5)

MMRd 65 (23) 3.48 (0.46–26.3) 0.226

p53abn 28 (10) 5.92 (0.76–46.3) 0.09

p53wt/NSMP 108 (37) 1.20 (0.15–9.42) 0.859

CI confidence interval, ESMO European Society of Medical Oncology, HR hazard ratio, LVSI lymphovascular space infiltration, MMRd mismatch repair deficient,
NSMP no specific molecular profile, p53abn p53 abnormal expression, RFS relapse-free survival.
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myometrial invasion or LVSI status, despite elevated total cell
fractions of CD3+ CD8+ cells in patients with no myometrial
invasion. In addition, CD3+ CD25+ T cells varied between the
ESMO risk groups but not consistently.

Prognostic value of T cells
Regarding the association between T-cell infiltrates and disease
progression, total T cells and their specific subtypes (CD3+ CD4+,
CD3+ CD8+, CD3+ CD25+, CD3+ PD-1+, CD3+ PD-L1+) were all
more frequently present in non-relapsed tumors (Fig. 3A, B).
Among them, higher total cell fractions of CD3+ CD8+, CD3+
CD25+, CD3+ PD-1+, and CD3+ PD-L1+ cells also predicted
longer RFS when patients were dichotomized by the median cut-
off values (Fig. 3C, D).

CD3+ PD-1+ cells independently predict relapse-free survival
A multivariate Cox regression analysis demonstrated that the total
cell fraction of CD3+ PD-1+ subpopulation was independent not
only of the other T-cell subtypes but also of the clinicopathological
factors (Fig. 4A). To further rule out the possibility that the
prognostic effect of CD3+ PD-1+ cells is dependent on the
number of T cells, we normalized the CD3+ PD-1+ cells with
total T cell numbers. Accordingly, a higher fraction of CD3+ PD-
1+/CD3+ cells (median cut-off, 7.72%) remained a strong
predictor of RFS (Fig. 4B).
For further characterization, we separately evaluated CD3+

PD-1+/CD3+ cells in the epithelial and stromal compartments,
which were enabled by the mfIHC-based spatial quantification.
CD3+ PD-1+/CD3+ cells showed no significant difference in

Fig. 1 Multiplexed fluorescence IHC (mfIHC). Two antibody panels (A and C) with indicated markers were used for the in-situ T-cell profiling
of early-stage endometrial cancer using tissue microarrays (no. of patients, 285). B and D correspond to the amplified merged
images. Grayscale (16-bit) images visualize individual markers, and color images represent their multi-channel composites (Merge). Scale
bar, 20 µm.
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epithelial vs. stromal distribution (Fig. 4C), whereas only the
stromal (and not the epithelial) CD3+ PD-1+/CD3+ cell fraction
predicted patient outcomes (Fig. 4D). The median proportion of
stromal CD3+ PD-1+/CD3+ cells was 3.36% in the patient
cohort, and this cut-off value also separated the patients with
higher expression into a much more favorable RFS group.
Overall, the patient group with high stromal CD3+ PD-1+/CD3+
expression was associated with a 5-year RFS rate of 93.7%
compared to 79.0% in the patient group with low CD3+ -PD-1+/
CD3+ expression (Table 2).
Additional analyses demonstrated that stromal CD3+ PD-1

+/CD3+ cells were positive for CD8 in 48% of cases, with the
remaining 52% being putative CD4+. However, we observed that
the prognostic effect of the stromal CD3+ PD-1+/CD3+ cell
fraction was independent of its CD8 status (Supplementary
Fig. S2).
In a further analysis that included patients classically linked to a

favorable outcome (such as endometrioid subtype and low-grade
tumors), the stromal CD3+ PD-1+/CD3+ cell fraction still stratified
patients into two groups with statistically significant and clinically
relevant RFS differences (Fig. 5A). In the cohort of endometrioid
tumors, the 5-year RFS rate for the patients with a high and low
presence of stromal CD3+ PD-1+/CD3+ infiltrates was 97% and
82%, respectively. Table 2 shows the 5-year RFS rates for the
various patient cohorts based on this biomarker’s expression. In all
of the cohorts, there were clinically relevant differences between
the patients with high and low stromal CD3+ PD-1+/CD3+
infiltrates. However, these T cells were not prognostic in the

patients with non-endometrioid or high-grade tumors (Supple-
mentary Fig. S3).
In addition, the stromal CD3+ PD-1+/CD3 cell fraction

remained a favorable outcome biomarker in ESMO-ESGO-ESTRO-
defined patient subgroups with either low, intermediate, or
high-intermediate risk classes. Furthermore, this T-cell fraction
maintained its prognostic significance when analyzed in patients
with intermediate risk molecular ProMisE categories (MMRd and
p53wt/NSMP) (Fig. 5A). Supplementary Fig. S4 summarizes the
additional subgroup analyses regarding the risk classifiers. CD3+
PD-1+/CD3+ infiltrates remained significant even when adjusted
for the clinicopathological factors in a multivariate model (Fig. 5B).

DISCUSSION
This study profiles different T-cell populations in their spatial
context in the tumor microenvironment of early-stage endome-
trial carcinoma by using mfIHC and quantitative computerized
image analysis. The data from this study suggest that a lower
abundance of T-cell infiltrates is associated with a higher risk of
relapse and that higher levels of stromal CD3+ PD-1+ cells could
represent a biomarker for an excellent prognosis.
T-cell expression in endometrial carcinoma has been previously

investigated in several studies10,11,13,23, with high variability in cell
positivity scores. Most of these studies employed single-color IHC,
visual scoring, and estimation of the positive cell fraction out of all
the cells or immune cells. The differing methods and cut-offs
employed for defining positivity make it cumbersome to compare

Fig. 2 Distribution of T cells and their subtypes in patient groups defined by pathological and molecular characteristics. A–C Distribution
of T cells in tumors with different histological subtype (endometroid vs. other) and differentiation grade (low vs. high). D–F Distribution of
T cells in tumors with different ProMisE molecular subtypes. Cell fractions in (A), (B), and (D) and cell counts in (C), (E), and (F) were calculated
as normalized to the total cell area in each tumor (replicate spots were averaged). Non-parametric Mann–Whitney U test, independent
samples, *p < 0.05, **p < 0.01.
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T-cell expression among the studies. In this study, we analyzed
T cells and their subtypes separately as a fraction of all cells but
also normalized them by total T cells only.
Previous studies have reported contradictory results related to

the correlation between T cells and histological grade24,25. Overall,
our results suggest that T-cell subtypes have a similar distribution
across distinct pathological groups, except for the CD3+ CD4+
subtype, which shows higher frequencies in higher grade and
non-endometrioid tumors.
Previous studies on the PD-(L)1+ axis have focused on PD-L1+

T cells26–28. When encompassing advanced stages, the PD-L1+
immune population has been associated with a non-endometrioid
histology, higher grade, and stage, with most PD-L1-negative
cases in stage I of the disease29. These findings agree with the
small number of PD-L1 cells observed in our early-stage patient
series. There was no significant correlation between the PD-L1-
positive T cells and the pathological features.

In a cohort of 200 patients with stages I-III endometrial cancer,
higher frequencies of CD4+ Foxp3+ cells were shown to be
enriched in higher stage tumors and conferred worse RFS30. In our
early-stage cohort, CD3+ Foxp3+ cells constituted only ~1% of all
the cells and was not associated with survival. Taken together,
these findings suggest that T cells would be more frequent in
more advanced endometrial cancer, where they could play a
negative prognostic role.
Importantly, the only T-cell subpopulations that were signifi-

cantly different across the four ProMisE categories were CD3+ PD-
1+ and CD3+ PD-L1+, with higher frequencies in tumors with
MMRd than in either p53wt/NSMP or p53abn cases. These findings
are highly consistent with previous studies in more advanced
stage series27,29,31.
Accumulating evidence suggests that the abundance of TILs

represents a biomarker of superior prognosis for several solid
cancers32,33. A recent meta-analysis of 17 prognostic studies

Fig. 3 T-cell association with disease progression. A–B Distribution of T-cell subtypes in the tumors of patients with (relapse) and without
progression. C Hazard ratios (HR) and 95% confidence intervals (95% CI) (univariate Cox regression, RFS) for patients with high total cell
fraction of T-cell subtypes (median cut-offs). The cut-off percentage value describes the total cell fraction at the median cut-off, except for
CD3+ PD-1+, which describes the number of cells at the median cut-off. *p < 0.05, **p < 0.01, ***p < 0.001. D Kaplan–Meier survival curves for
patients with low and high T-cell subtypes (total cell fractions) with RFS probability as the clinical endpoint (median cut-off ). P, log rank.
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Fig. 4 A high number of CD3+ PD-1+ cells predicts favorable outcomes. A Multivariate Cox regression analysis (RFS) combining
clinicopathological variables and T-cell subtypes as total cell fractions. HR Hazard ratio, CI confidence interval. *ProMisE groups: POLE, MMRd,
p53wt/NSMP, p53abn. Cell fractions were calculated from all the cells and represent low and high fractions using median cut-offs. B Relapse-
free survival Kaplan–Meier plot for CD3+ PD-1+ T-cell fraction (median cut-off ). C Distribution of CD3+ PD-1+ T-cell fraction in epithelial and
stromal compartments (normalized to total CD3+ cells). D Kaplan–Meier plots for epithelial and stromal CD3+ PD-1+ cells as normalized to
total CD3+ cells (median cut-off ).

Table 2. Relapse-free survival rates for stromal CD3+ PD1+/CD3+ cells in various patient subgroups.

Patient group Cell population N RFS rate (%)

All patients High CD3+ PD1+ /CD3+ 143 93.7

Low CD3+ PD1+ /CD3+ 142 79

Endometrioid High CD3+ PD1+ /CD3+ 133 97

Low CD3+ PD1+ /CD3+ 122 82

Low grade (1–2) High CD3+ PD1+ /CD3+ 127 97.6

Low CD3+ PD1+ /CD3+ 104 81.9

High grade (3) High CD3+ PD1+ /CD3+ 16 81.3

Low CD3+ PD1+ /CD3+ 38 71

ESMO low+ intermediate+ high− intermediate High CD3+ PD1+ /CD3+ 127 97.6

Low CD3+ PD1+ /CD3+ 109 83.5

MMRd High CD3+ PD1+ /CD3+ 41 87.2

Low CD3+ PD1+ /CD3+ 29 65.4

NSMP High CD3+ PD1+ /CD3+ 58 98.3

Low CD3+ PD1+ /CD3+ 50 86

MMRd+NSMP High CD3+ PD1+ /CD3+ 97 93.8

Low CD3+ PD1+ /CD3+ 76 78.9
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indicated that a higher number of CD8+ cells translates to a more
favorable outcome in endometrial cancer17.
Most of the aforementioned studies were based on conven-

tional, single antibody IHC, which yields inaccurate T-cell
phenotyping. CD8, Foxp3, PD-1, PD-L1, and CD25 markers are
also expressed in other types of immune cells, such as in natural
killer cells and myeloid cells. Co-staining approaches should
therefore be required for a reliable scoring and measurement of
these T-cell subtypes. Consistent with this finding, we analyzed
double-marker combinations in pair with CD3 by mfIHC. All
measured combinations (CD3 with CD4, CD8, CD25, PD-1, and PD-
L1), except for CD3+ Foxp3+, were less abundant in the tumor
microenvironment of patients who experienced a relapse. In
addition, higher numbers of CD8+, CD25+, PD-1+, and PD-L1+
T cells predicted longer time for relapses. In line with these
findings, two recent studies indicated that higher CD8+ cell

numbers in endometrial cancer are linked with favorable
prognoses10,34. Talhouk et al. found higher fractions of CD3+
CD8+ and CD3+ CD8− (putative CD3+ CD4+) cells associated
with more favorable survival but without statistical significance in
a multivariate analysis that included ProMisE subtypes and other
clinical characteristics10. In addition to CD3+ CD8+, we found that
CD3+ CD25+, CD3+ PD-1+, and CD3+ PD-L1+ are prognostic
markers for RFS. However, CD3+ PD-1+ cells were the only T-cell
subpopulation independently correlated with the prognosis when
the clinicopathological characteristics and other T-cell subtypes
were included in the model. Higher CD3+ PD-1+ cell numbers
translated into more favorable outcomes, even when they were
normalized to the total number of T cells (CD3+ PD-1+/CD3+ cell
fraction) to achieve a more robust result. Interestingly, only the
stromal (but not the epithelial T-cell) fraction of CD3+ PD-1+ cells
was prognostic.

Fig. 5 Stromal CD3+ PD-1+/CD3+ cell fraction is an independent prognostic marker. A Kaplan–Meier survival analysis of patients with low
and high stromal CD3+ PD-1+/CD3+ cell fraction in patient subgroups as indicated. The cut-off (3.36%) was derived from the median value in
the total patient population. B Multivariate Cox regression analysis for patients with median dichotomized stromal CD3+ PD-1+/CD3+ cell
fraction adjusted with relevant clinicopathological variables. HR hazard ratio, CI confidence interval.
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Despite the incorporation of the ProMisE subgroups into the risk
stratification in the latest ESGO-ESTRO-ESP guidelines, the
improvement in prognostic prediction is still challenging, and
research on new biomarkers is a priority in endometrial cancer. An
accurate prognosis could help identify patients who will need
chemotherapy, radiotherapy, or even other alternative therapies in
addition to surgery. Along these lines, the novel biomarker
described in our study, defined by the high expression of the
stromal CD3+ PD-1+/CD3+ cell fraction, is associated with a low
risk of relapse in early-stage endometrial cancer. This association is
even more evident in patients with an endometrioid histology
(with a 5-year RFS rate of 97%). In our opinion, this is a highly
relevant clinical finding because it can guide to select a patient
group with excellent prognosis, with almost no relapses, and
taking into account that the endometrioid subtype represents
~80% of early-stage endometrial cancer. In this study cohort of
early-stage carcinomas, patients with endometrioid histology and
with high stromal CD3+ PD-1+ T-cell fraction (>3.36%) represent
46.7% of all the patients in the cohort. Therefore, CD3+ PD-1+
could have a similar clinical implication to that of the POLE
mutation, thereby avoiding unnecessary adjuvant therapies but
with the advantage of selecting ~50% of patients with the
endometrioid subtype, while the POLE mutation represents <10%
of cases in the published series5,35.
In recent years, risk stratification for endometrial cancer has

been performed based on criteria published by ESMO-ESGO-
ESTRO 2016 consensus, which established four groups according
to clinicopathological characteristics to create recommendations
for adjuvant therapy. However, this classification has limitations in
that there are patients with low to intermediate risk who relapse
and patients with intermediate-high to high risk who do not. To
improve the risk stratification, the ESGO-ESTRO-ESP guidelines
suggest adding the molecular characteristics3. In this study, we
identified stromal CD3+ PD-1+ cells to accurately stratify patients
included in the low, intermediate, and intermediate-high groups
combined, with differences in RFS. Therefore, this biomarker could
ultimately facilitate the allocation of adjuvant therapy.
The molecular classification based on ProMisE established 4

other groups with prognostic implications6,7. Among them, the
POLE-mutated group encompasses patients with excellent prog-
noses and an extremely rare possibility of relapse, while the
p53abn group had those with the highest risk of relapse. High
expression of stromal CD3+ PD-1+ was also confirmed as a
marker of a good prognosis in intermediate risk molecular groups,
MMRd and NSMP/p53wt, either separately or together.
In terms of the study limitations, we used TMAs to facilitate the

analysis of large patient numbers. However, whole tissue sections
are better suited for the comparison of tumor regions, such as the
infiltrative border and the tumor core. Second, the use of digital
pathology techniques is precise but not yet implemented in
routine diagnostics. Thus, it would be desirable to implement
CD3+ PD-1+ detection also using more classical methods, such as
the chromogenic IHC.
Our findings suggest that the density of stromal PD-1-positive

T cells (CD3+ PD-1+) in the tumor microenvironment predicts a
much longer RFS in early-stage endometrial cancer. These results
are clinically relevant because this biomarker could identify a high
proportion of patients who could potentially be cured with
surgery alone, at least in those with an endometrioid subtype.
Moreover, high CD3+ PD-1+ levels define an extremely good
prognosis group in the insufficiently defined low and intermediate
risk categories of the ESMO-ESGO-ESTRO classifier. Although these
results are relevant and encouraging, future studies are needed to
validate the findings.
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