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Objectives: Increased numbers of tumor infiltrating lymphocytes (TIL) in endometrial cancer 

(EC) are associated with improved survival, but it is unclear how this prognostic significance 

relates to the underlying EC molecular subtype. In this explorative hypothesis-generating study, 

we sought to define the immune signatures associated with the molecular subtypes of EC (i.e., 

POLE-mutated, microsatellite unstable (MSI-high), copy number (CN)-low, and CN-high) and to 

determine their correlation with patient outcomes.

Methods: RNA-sequencing and molecular subtype data of 232 primary ECs were obtained from 

The Cancer Genome Atlas. Deconvolution of bulk gene expression data was performed using 

single sample Gene Set Enrichment Analysis (ssGSEA) and Cell type Identification By Estimating 

Relative Subsets Of known RNA Transcripts (CIBERSORT). The association of the resultant 

immune signatures with overall survival was determined across molecular subtypes.

Results: Statistically significant differences in enrichment were identified in 16/30 and 6/23 

immune gene sets by ssGSEA and CIBERSORT, respectively. Signature of CD8+ cells in 

ECs of CN-high molecular subtype was associated with improved overall survival by ssGSEA 

(p=0.0108), while CD8 signatures did not appear to be prognostic in MSI-high (p=0.74) or 

CN-low EC molecular subtypes (p=0.793). Of all molecular subtypes, CN-high ECs exhibited the 

lowest levels of CD8+ T cell infiltration. Consistent with antigen-induced T cell activation and 

exhaustion, enrichment for immunomodulatory receptors was predominantly observed in ECs of 

MSI-high and POLE-mutated molecular subtypes.

Conclusions: Deconvolution of bulk gene expression data can be used to identify populations of 

immune infiltrated endometrial cancers with improved survival. These data support the existence 

of unique mechanisms of immune resistance within molecular subgroups of the disease.
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1. INTRODUCTION

Despite the significant initial promise of immune checkpoint blockade (ICB) in some 

cancer types, the majority of endometrial cancers (ECs), with the exception of mismatch 

repair (MMR)-deficient tumors, are resistant to single agent ICB [1-4]. Combination of the 

multi-targeted tyrosine kinase inhibitor (TKI) lenvatinib with pembrolizumab (anti-PD1) in 

advanced EC demonstrated response rates of close to 40%, irrespective of MMR status or 

histology [5]. Aside from MMR status, however, the relationship between immunotherapy 

response and the underlying EC subtype remains poorly understood.

Comprehensive molecular profiling of ECs by The Cancer Genome Atlas (TCGA) revealed 

four molecular subtypes of the disease [6]. ECs of copy number (CN)-high (serous-like) 

subtype are characterized by high levels of CN alterations, highly recurrent TP53 mutations, 

a relatively low tumor mutational burden (TMB), and poor outcomes. The CN-low 

(endometrioid) group consists of predominantly low-grade, microsatellite stable ECs with 

few CN alterations, and CTNNB1 mutations in about half of the cases. The microsatellite 

unstable (MSI-high)/ hypermutated ECs are characterized by a high TMB and few CN 

alterations. Finally, ECs of POLE ultramutated subtype have the highest TMB due to 
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mutations in the proofreading domain of the DNA polymerase epsilon (POLE) and lack 

CN alterations; this group also has the best prognosis [6]. These integrated molecular 

subtypes provide information beyond the routine histologic classification or traditional 

clinico-pathologic binary classification of ECs [6-8]. Within the context of each molecular 

subtype of EC, however, a variation of clinical outcomes exists [9, 10] and additional factors 

driving these prognostic differences remain largely unknown.

In particular, the relationship of the EC molecular subtypes with the immune system 

has not been adequately characterized. The degree and composition of tumor infiltrating 

lymphocytes (TILs) in the tumor microenvironment (TME) has been shown to be associated 

with outcomes and response to therapy in many solid tumors, including EC [11, 12]. 

While presence of TILs appears to be associated with improved outcomes in EC in 

general, at present, the relationship between TILs and prognosis within the context of each 

molecular subtype of EC remains poorly characterized. Furthermore, evaluation of the TME 

for prognostic and potentially predictive biomarkers relies on reproducible identification 

and quantification of not only TILs in general, but additional leukocyte subsets and 

immunoregulatory markers.

Traditionally TILs have been identified through immunohistochemical (IHC) or 

immunofluorescence analyses. Further characterization and identification of specific 

immune cell population can be achieved through flow cytometry, however these analyses are 

only possible in freshly-resected specimens and may be subject to bias introduced by tissue 

dissociation and processing [13]. Newer technologies have allowed for the inference of 

immune cell infiltration within solid tumors by using bulk transcriptomic data derived from 

high throughput RNA-sequencing [14]. These deconvolution approaches are able to use 

either gene expression signatures or cell-specific marker genes to infer relative fractions of 

immune cell types of interest. Such methods do not depend on surface marker presentation 

and are not subject to the same artifacts of cellular dissociation seen in flow cytometry, 

and they allow for more uniform sample processing and collection, which may improve the 

reproducibility of TIL identification, while still providing data in a quantitative fashion [14]. 

When utilizing the quantitative or semi-quantitative assessments of the TME as prognostic 

indicators or potential treatment biomarkers, uniformity of processing, and reproducibility 

of results is imperative to the correlation of this data to clinical outcomes. This may prove 

to be particularly true in EC where efforts to correlate the TME to outcomes have provided 

inconsistent correlations [15]. Given the wide variation in clinical outcomes within each 

of the TCGA molecular subtypes of EC [9, 10], we performed an exploratory hypothesis-

generating subgroup re-analysis of TCGA data to determine whether quantification of the 

immune cell fractions and other TME parameters from bulk tumor transcriptomic data 

could provide prognostic stratification of patients within the context of each EC molecular 

subtype.

2. MATERIAL AND METHODS

2.1 Patients and data source

Publicly available RNA-sequencing data and corresponding clinical data from the 232 

treatment-naïve primary ECs with molecular subtype classification from TCGA [6] were 
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retrieved from the Genomic Data Commons (Downloaded from https://tcga-data.nci.nih.gov/

tcga/tcgaDownload.jsp). Of the 232 ECs, 90 were of CN-low molecular subtype, 60 were 

CN-high, 65 were MSI-high and 17 were POLE as defined by TCGA [6]. Adjuvant therapy 

data were available for 43% of patients and none of the patients received immunotherapy in 

the adjuvant setting. No information about receipt of immunotherapy in subsequent settings 

was available.

2.2 Estimation of tumor-infiltrating immune cell population

Sequence read pairs for each case were aligned to the reference genome GRCh37 using 

STAR [16]. Aligned read counts were calculated using HTSeq, converted to normalized 

Reads Per Kilobase Million (RPKM) counts per gene, and two computational approaches for 

deconvolution of bulk gene transcriptional data were employed, as previously described 

[17]. First, Cell type Identification By Estimating Relative Subsets Of known RNA 

Transcripts (CIBERSORT) was utilized, a deconvolution algorithm based on normalized 

gene expression profiles described by Newman et al. [18]. CIBERSORT predicts immune 

cell fractions, thus the output estimates for each individual sample were normalized to 

1. Second, immune gene cell signatures were defined using Single Sample Gene Set 

Enrichment Analysis (ssGSEA)[19], which identifies genes specific for individual leukocyte 

classes that are differentially enriched in a single sample by comparison to sorted validated 

cell populations. We utilized the immune cell signatures as described by Bindea et al. based 

on the expression of 570 genes [19].

2.3 Immune profiles and survival outcomes

The immune enrichment data were generated for 26 leukocyte cell types and 4 

immunomodulatory proteins by ssGSEA and 23 leukocyte cell types were obtained by 

CIBERSORT. The distributions for the immune profiles in ECs stratified according to their 

TCGA molecular subtypes [6] were assessed using Wilcoxon rank-sum test using STATA 

IC (v10 StataCorp). Statistically significant differences amongst the four TCGA molecular 

subtypes were defined as a p<0.05.

The median enrichment for CD8+ cells was identified for each TCGA subset subdividing the 

population into an enriched “CD8-high” population above the median, as well as “CD8-low” 

population below the median. The clinicopathologic characteristics for the CD8-high and 

CD8-low populations were compared using Fisher’s exact for categorical variables and 

Wilcoxon rank-sum test for continuous variables. Overall survival days were extracted from 

TCGA, using the diagnosis date as the time zero. Median survival and survival rate at 

certain year were calculated using Kaplan Meier method. Log-rank test or Log-rank with 

permutation test (if very few event number in certain level) [20] was applied to obtain 

p-value for comparisons. Survival curves were generated using the Kaplan-Meier method. 

Significance was defined as a p<0.05; all reported p-values are two-sided. Analyses were 

performed using R 3.6.0 (https://www.R-project.org/).
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3. RESULTS

3.1. Enrichment of immune signatures in EC molecular subtypes

We first defined the immune landscape of primary untreated endometrioid and serous ECs 

classified into the four molecular subtypes by TCGA based on their bulk transcriptomic 

profiles using CIBERSORT and ssGSEA. Statistically significant differences as obtained 

by ANOVA comparisons in gene expression amongst the four molecular subtypes were 

identified in 16/26 leukocyte subset gene sets by ssGSEA, in 4/4 immunomodulatory 

marker gene sets by ssGSEA, and in 6/23 leukocyte subset gene sets by CIBERSORT 

(Supplementary Table 1). When comparing the results obtained by ssGSEA and 

CIBERSORT, we observed significant enrichment differences in at least one EC TCGA 

subtype for CD8+ cells, activated dendritic cells, and inactive/resting dendritic cells 

by both deconvolution methods (Figure 1). In particular, CN-high ECs had higher 

enrichments for activated dendritic cells when compared to CN-low (ssGSEA p<0.001, 

CIBERSORT p<0.001) and MSI-high ECs (ssGSEA p<0.01, CIBERSORT p<0.01). 

Statistically significant differences in enrichment for inactive/resting dendritic cell gene 

signatures between the different molecular subtypes were also noted. CN-high ECs had 

lower enrichment for inactivated/resting dendritic cell when compared to CN-low (ssGSEA 

p<0.001, CIBERSORT p<0.001) and MSI-high ECs (ssGSEA p<0.01, CIBERSORT 

p<0.01) (Figure 1).

Consistent with the high levels of TILs observed by pathology review in DNA mismatch 

repair-deficient and POLE ECs [21-25], deconvolution analysis revealed that ECs of POLE 
(ultramutated) and MSI-high (hypermutated) molecular subtypes were characterized by the 

highest median enrichment for CD8+ cells (Figure 1). In contrast, CN-high ECs had the 

lowest enrichment for CD8+ T-cells (p<0.01) by both CIBERSORT and ssGSEA compared 

to ECs of all of the molecular subtypes analyzed.

3.2. Association of immune signatures and outcomes in EC molecular subtypes

Evaluation of the entire cohort of ECs dichotomized by ssGSEA CD8+ T-cell enrichment 

around the median revealed statistically significant differences in overall survival (OS) by 

Kaplan-Meyer estimates (p=0.017), with ECs patients with high CD8+ T-cell enrichment 

having a better outcome (Figure 2A); however, this did not reach statistical significance 

using CIBERSORT (p=0.49; Figure 2B). It should be noted that 10.3% (12/116) of the CD8-

high ECs by ssGSEA and 9.5% (11/116) of the CD8-high ECs by CIBERSORT were of 

POLE molecular subtype. On the other hand, approximately one third of the ECs classified 

as CD8-low (35.3 %, 41/116, ssGSEA; 32.8%, 38/116; CIBERSORT) were of CN-low 

molecular subtype. Interestingly, the difference in progression-free survival (PFS) was 

not statistically significant by either method (ssGSEA: p=0.084, CIBERSORT: p=0.318), 

however for 16/232 (8/46 with progression) ECs PFS days are not available in TCGA.

When each individual molecular subtype group was stratified by CD8+ T cell enrichment 

(high vs low relative to the median), statistically significant differences in OS were seen in 

the CN-high EC subtype but not in the other molecular subtypes by ssGSEA (p=0.0108; 

Figure 3). The statistical significance was not maintained when performing the same 
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analysis by CIBERSORT, however (p=0.641; Supplementary Figure 1). Baseline patient 

characteristics between the CN-high ECs classified as CD8-low or CD8-high by either 

method are summarized in Table 1. There were no statistically significant differences in age, 

FIGO 2009 stage and histologic grade in the ssGSEA analysis. In the CIBERSORT analysis, 

the CD8-high patients were younger (66 vs 77, p=0.015) and more commonly had ECs of 

endometrioid histology (10% vs 43.3%) though 76% cases had grade 3(G3)/serous/mixed 

histology. Similar to the analysis of the entire cohort, no statistically significant differences 

were seen in PFS (ssGSEA, p=0.084; CIBERSORT, p=0.318) for the whole cohort analyses, 

possibly due to missing PFS data for a subset of the patients. Median overall survival was 

not reached in the CD8+ high CN-high ECs as assessed by either deconvolution method. 

There were no statistically significant differences in OS between the CD8-high and CD8-low 

groups for the MSI-high and CN-low EC molecular subtypes (Figure 3).

3.3. Signatures of immune dysfunction and angiogenesis in EC molecular subtypes

Given the known differential responsiveness of EC molecular subtypes to immunotherapy, 

we sought to determine whether markers of immune dysfunction, which are known to be 

associated with tumor antigen reactivity, are differentially expressed among the distinct 

EC molecular subtypes using the ssGSEA analysis (Figure 4). Both ECs of POLE 
(ultramutated) and MSI-high (hypermutated) subtypes were found to have high enrichment 

for gene signatures associated with T cell activation/dysfunction and inflammatory response 

including enrichment for CTLA-4 (p<0.001), PD-1 (p <0.001) and PD-L1 (p=0.004). 

Despite their enrichment in the POLE and MSI-high molecular subtypes, it should be noted 

that in ECs of the CN-high and CN-low subtypes there were also subsets of patients with 

high enrichment for these markers. CN-low ECs were found to have higher enrichment for 

angiogenesis signatures in comparison to the other subtypes, with CN-high ECs having the 

lowest. Within ECs of CN-high and CN-low subtypes, there was a subset of ECs with high 

enrichment for the ssGSEA angiogenesis signature and PD-L1 expression (CN-high, 7/60, 

11.6%; CN-low, 8/90, 8.9%; Figure 4).

4. DISCUSSION

In this study we utilized two methods of deconvolution of publicly available RNA-

sequencing data to analyze the TME of ECs and their relation to the four TCGA molecular 

subtypes. The use of deconvolution of bulk RNA-sequencing data has been used to 

define the relationship between the TME and other solid tumor types, which led to the 

identification of prognostic associations between TME components and outcomes in breast, 

colon and lung cancers [14, 18, 26-28]. These data have been used to help delineate 

the genes, pathways, and leukocyte subtypes that drive the association between immune 

infiltration and survival [28]. These methods potentially have advantage of uniformity and 

reproducibility in comparison to IHC or flow cytometry, in particular when it comes to the 

identification of specific leukocyte subsets [29]. In breast cancer, for example, Nederlof et 

al showed that interpathologist concordance for leukocyte subtype specific quantification 

is lower than the quantification of the immune infiltration in general when compared to 

deconvolution methods [30]. In addition, identification of lymphocyte infiltration in the 

TME does not provide information about their activation status. For example, measurement 
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of exhausted tumor antigen-specific T cell subsets has been suggested to be better measured 

by the cell’s transcriptional activity rather than visual identification using the complex 

interplay of cell surface immunomodulatory proteins [14, 31].

Prior investigation of the EC TME using enrichment scores from ssGSEA estimates resulted 

in clustering of ECs into 3 unique separate immunophenotypes based on relative immune 

cell abundance [32]. Cluster I, the cluster with highest immune cell infiltration, was found 

to be associated with higher TMB, upregulation of co-stimulating and immune checkpoint 

proteins and improved survival [32]. Our data expand these analyses by defining the TME 

phenotypes within the context each TCGA subtype, highlighting that while specific immune 

subsets are preferentially enriched within each TCGA subtype, a heterogeneity of immune 

phenotypes nevertheless does exist within a given molecular subtype group. The largest 

influence of immune cell infiltration on prognosis was observed in the ECs of CN-high 

subtype. Understanding the differences in immune response in the MSI-high/POLE ECs 

may require further immunophenotyping to determine the mechanisms of immune resistance 

in these immunogenic tumors.

Given their central role in the anti-tumor immune response, CD8+ T cells have long been 

a front runner as a prognostic biomarker in solid tumors [33, 34]. Our analysis confirmed 

that the ECs of hypermutated and ultramutated TCGA molecular subtypes are associated 

with marked leukocyte infiltration, particularly CD8+ T cells [35-37]. Consistent with prior 

data, analysis of the entire TCGA cohort by enrichment for CD8+ T cells demonstrates 

survival difference, however, this type of analysis is confounded by the predominance of 

MSI-high/ POLE ECs in the CD8-high group as well as CN-high ECs in the CD8-low 

group. Consistent with this hypothesis, Talhouk et al assessed TIL infiltration via IHC in 

ECs grouped similarly to TCGA genotypes, demonstrating that outcomes are more driven by 

molecular subtype rather than markers of immune infiltration [38].

Our exploratory analysis takes it a step further and attempts to assess within each TCGA 

subclass to further stratify outcomes based on TME. We find that the poor prognosis 

associated with lack of CD8+ T cell infiltration is indeed largely driven by the CN-high 

cancers, a subset of which is depleted for CD8+ T cell-associated expression signature. 

Notably, within the CN-high molecular subtype there exists a population of ECs with 

high levels of CD8+ T cell infiltration as defined by ssGSEA, which is associated with 

superior OS. This population may represent a lower-risk cohort of CN-high tumors and may 

have therapeutic implications for treatment decision-making, especially within the context 

of adjuvant therapy where biomarkers to identify high-risk CN-high ECs are currently 

inadequate. This contrasts to the CN=L and MSI-H TCGA subtypes, which did not display 

this relationship. These findings are supported by a recent IHC analysis of PORTEC-1 

and PORTEC-2 data by Horeweg and colleagues, demonstrating the association between 

intraepithelial CD8+ T cell infiltration and survival outcomes, whereby the association was 

greatest in patients with TP53-mutant tumors (known to be predominantly present in the 

CN-high subgroup)[39].

We found that ssGSEA was able to identify signature-specific prognostic differences, 

which in comparison to CIBERSORT, quantifies each cell subset individually using gene 
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lists, rather than relative to the entire population-which may offer an advantage over 

CIBERSORT. We used the LM22 MATRIX for CIBERSORT [18], which allows RNA-

sequencing data to be used for deconvolution rather than microarray-derived transcriptomic 

data for which CIBERSORT was originally developed. It has been reported that samples 

analyzed by the LM22 matrix may have a higher frequency of p-values>0.05 [40]. This 

is largely due to the differing dynamic range of RNA-Sequencing and microarray gene 

expression data and may not accurately reflect the quality of the deconvolution results [40].

Differences in quantification of the leukocyte subtypes by CIBERSORT and ssGSEA is to 

be expected given their distinctive methods, assumptions, and leukocyte specific gene sets 

[28]. Signatures attributed to gene expression are seldom specific to only one cell type, bulk 

data do not distinguish the location of T cells (i.e., tumor vs stroma) and thus analyses 

can be influenced by tumor purity of the samples. When comparing these methods head-to-

head no one method outperforms others consistently across benchmarking datasets [41]. 

Differences in deconvolution estimates can be both leukocyte subtype-specific and tumor-

specific, suggesting that these methods may need to be further tailored to specific cancer 

types taking into consideration the optimal leukocyte-specific signatures for each tumor type 

[36, 42]. The advantage of ssGSEA over CIBERSORT is the assessment of phenotypic 

differences in cell types allowing for insight into pathways and biologic processes, including 

for example angiogenesis. This may have greater clinical utility in EC when applying 

these pathways to more contemporary populations treated with anti-angiogenic and immune 

modulating therapies.

This study has several limitations, including that it is based on a retrospective subgroup 

analysis of a singular patient cohort. Due to the exploratory nature of our study, 

adjustment for multiple testing was not performed to increase the discovery of potential 

new biological associations and moderate inflation of type error II. We acknowledge the 

limitation of such approach and reiterate the importance of an independent validation 

of our findings using independent patient cohorts/ transcriptomic data with treatment 

and outcome information, particularly in the setting of immune checkpoint blockade are 

warranted. In addition, the TCGA data set lacks patient-level clinical-pathologic data on 

some well-described prognostic factors in EC, including lymphovascular space invasion. 

In addition, these patients were all treated in the pre-ICI era for MMR-deficient/MSI 

tumors, which likely impacts the survival outcomes of these patients. Finally, we focused on 

findings consistently identified using both deconvolution methods given that differences 

were observed between them. The use of orthogonal approaches, including IHC or 

immunofluorescence, could provide direct information on which of the two deconvolution 

methods is most representative for the analysis of the TME in ECs.

Validation of our findings using independent patient cohorts/ transcriptomic data with 

treatment and outcome information, particularly in the setting of immune checkpoint 

blockade are warranted. In addition, we focused on relationships consistently identified 

using both deconvolution methods given that differences were observed between both 

methods. The use of orthogonal methods, including IHC or immunofluorescence, could 

provide direct information on which of the two methods is most appropriate for analysis of 

the TME in ECs.
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In conclusion, deconvolution of bulk gene expression data using ssGSEA and CIBERSORT 

allowed for the description of the EC TME according to molecular subtype. Our 

analysis revealed the existence of a CD8-high subset of CN-high ECs, which may confer 

significantly longer OS than those with low CD8 expression, while CD8 signatures appeared 

not to have prognostic significance in other molecular subtypes of EC. These findings 

highlight that mechanisms of immune escape may be different among the CN-high and 

CN-low tumors, which may have implications for the development of biomarkers and 

combination immunotherapies for patients with EC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Distinct molecular subtypes of endometrial cancer (EC) exhibit divergent 

immune infiltration signatures

• CN-high ECs exhibit the lowest levels of CD8+ T cell infiltration of all 

molecular subtypes

• CD8 T cell infiltration transcriptional signatures are prognostic in CN-high 

ECs

Dessources et al. Page 12

Gynecol Oncol. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: Immune cell enrichment in endometrial carcinomas stratified by molecular subtype 
using CIBERSORT and ssGSEA.
Box plots displaying the relative enrichment for leukocyte subsets in the four molecular 

subtypes of endometrial cancer using CIBERSORT (top) or ssGSEA (bottom). Subgroups 

were compared using Wilcoxon rank-sum. Statistical significance was defined as a p<0.05 

and annotated as ***P<0.001, **P< 0.01, *P<0.05. Comparisons not annotated were not 

statistically significant. CN-high, copy number-high; CN-low, copy number-low; MSI, 

microsatellite unstable/ hypermutated; POLE, polymerase epsilon-mutant/ ultramutated.
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Figure 2: Kaplan-Meyer estimate of overall survival for patients with endometrial carcinoma 
according to CD8+ infiltration defined by ssGSEA and CIBERSORT.
Endometrial cancers from TCGA of all molecular subtypes (n=232) were classified 

into CD8+ high (blue solid line) or CD8+ low (orange dashed line) defined by their 

distribution around the median CD8+ infiltration for the entire cohort using ssGSEA (A) 

or CIBERSORT (B). Kaplan-Meyer estimates are shown.
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Figure 3: Kaplan-Meyer estimate of overall survival for ECs by molecular subtype according to 
CD8+ infiltration defined by ssGSEA.
ECs of CN-high, CN-low, and MSI-high molecular subtypes were stratified into CD8+ high 

(blue solid line) or CD8+ low (orange dashed line) defined by their distribution around the 

median CD8+ infiltration for the entire cohort (n=232) using ssGSEA. *Due to only 4 events 

in OS, no HR and p-value were reported for the CN-low cohort.

Dessources et al. Page 15

Gynecol Oncol. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4: Relative gene set enrichment of selected immunoregulatory markers in ECs stratified 
by molecular subtype.
Comparison of selected immunoregulatory marker enrichment using ssGSEA including 

angiogenesis, CTLA4, PD1 and PD-L1. Subgroups were compared using Wilcoxon 

rank-sum. Statistical significance was defined as a p<0.05 and annotated in the figure 

with ***P<0.001, **P<0.01, *P<0.05. Comparisons not annotated were not statistically 

significant.
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Table 1:

Clinicopathologic characteristics of endometrial cancers of copy number-high (serous-like) molecular subtype 

by CD8+ infiltration.

Total Cohort n
(%)

ssGSEA CIBERSORT

CD8+ low CD8+
high

p-
value CD8+ low CD8+

high
p-

value

Age (years)

 Median (Mean) 68 (69.05) 67 (68.87) 69 (69.23) 0.584 71 (71.73) 66 (66.37) 0.015

 Range 44-90 58-90 44-87 58-87 44-90

Stage

 I/II 33 (55%) 17 (56.7%) 16 (53.3%) 1 14 (46.7%) 19 (63.3%) 0.503

 III 19 (31.7%) 9 (30%) 10 (33.3%) 11 (36.7%) 8 (26.7%)

 IV 8 (13.3%) 4 (13.3%) 4(13.3%) 5 (16.7%) 3 (10%)

Histology

 Endometrioid 16 (26.7%) 6 (20%) 10 (33.3%) 0.382 3 (10%) 13 (43.3%) 0.007

 Serous/Mixed 44 (73.3%) 24 (80%) 20 (66.7%) 27 (90%) 17 (56.7%)

Tumor grade (endometrioid)

 G1 1 (1.7%) 0 (0%) 1 (3.3%) ** 0 (0%) 1 (3.3%) **

 G2 6 (10%) 2 (6.7%) 4 (13.3%) 0 (0%) 6 (20%)

 G3 and serous/ mixed 53 (88.3%) 28(93.3%) 25 (83.3%) 30 (100%) 23 (76.7%)

BMI kg/m2 (categorical; missing, n=3)

 Normal (BMI<25) 16 (28.1%) 7 (24.1%) 9 (32.1%) 0.724 9 (31%) 7 (25%) 0.827

 Overweight (BMI:25-30) 11 (19.3%) 5 (17.2%) 6 (21.4%) 6 (20.7%) 5 (17.9%)

 Obese (BMI≥30) 30 (52.6%) 17 (58.6%) 13 (46.4%) 14 (48.3%) 16 (57.1%)

Clinicopathologic characteristics of copy number-high (serous-like) endometrial cancers by CD8+ infiltration high vs low as defined by ssGSEA 
and CIBERSORT using median for cutoff. All p-values reported here are unadjusted, using Fisher’s exact test for categorical variables and 
Wilcoxon-rank sum test for continuous variables.

**
p-value not provided if certain level has counts <5. BMI, body mass index.
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