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ABSTRACT
CD103-positive tissue resident memory-like CD8+ T cells (CD8CD103 TRM) are associated with improved 
prognosis across malignancies, including high-grade serous ovarian cancer (HGSOC). However, whether 
quantification of CD8, CD103 or both is required to improve existing survival prediction and whether all 
HGSOC patients or only specific subgroups of patients benefit from infiltration, remains unclear. To 
address this question, we applied image-based quantification of CD8 and CD103 multiplex immunohis-
tochemistry in the intratumoral and stromal compartments of 268 advanced-stage HGSOC patients from 
two independent clinical institutions. Infiltration of CD8CD103 immune cell subsets was independent of 
clinicopathological factors. Our results suggest CD8CD103 TRM quantification as a superior method for 
prognostication compared to single CD8 or CD103 quantification. A survival benefit of CD8CD103 TRM 
was observed only in patients treated with primary cytoreductive surgery. Moreover, survival benefit in 
this group was limited to patients with no macroscopic tumor lesions after surgery. This approach 
provides novel insights into prognostic stratification of HGSOC patients and may contribute to persona-
lized treatment strategies in the future.
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Introduction

High-grade serous ovarian cancer (HGSOC) is the most com-
mon histological subtype of epithelial ovarian cancer (EOC) 
and considered to originate from the fallopian tubes.1 

Advanced stage HGSOC has a poor prognosis, with a 5-year 
survival rate of 25–40%.2,3 Current primary treatment consists 
of cytoreductive surgery and chemotherapy, in most cases 
carboplatin with paclitaxel.4 Patients are either treated with 
primary debulking surgery followed by six cycles of adjuvant 
chemotherapy (PDS) or are initially treated with three cycles of 
neo-adjuvant chemotherapy, followed by interval debulking 
surgery and three additional cycles of adjuvant chemotherapy 
(NACT). Choice of treatment strategy is tailored for each 
individual patient. Patients are selected for PDS based on the 
estimation whether the entire tumor load can be removed 
during surgery, taking into account tumor location, presence 
of metastases and clinical condition of the patient. If not 
feasible, NACT is used to reduce tumor burden prior to inter-
val debulking. The most important prognostic factors are pri-
mary treatment strategy (PDS or NACT) and surgical 
outcome. Surgical outcome is defined as complete (no residual 
macroscopic tumor tissue after surgery), optimal (residual 

tumor lesions <1 cm after surgery) or incomplete (residual 
tumor lesions >1 cm after surgery). Although up to 75% of all 
HGSOC patients initially have a favorable response to primary 
treatment, comprising chemotherapy and surgery, most 
patients relapse within 2 years, with a median progression- 
free survival (PFS) of 12 months.5

It has been well established that the presence of tumor 
infiltrating lymphocytes (TILs) represents an additional favor-
able prognostic indicator in many solid tumors including 
HGSOC.6–8 In particular, a specific subset of CD8+ T cells, 
known as tissue resident memory-like T cells (TRM), is asso-
ciated with prognostic benefit in HGSOC.9–11 TRM are char-
acterized by the expression of CD103, also known as integrin 
αEβ7 (ITGAE). CD103 interacts with E-cadherin, often 
expressed on epithelial tumor cells, thereby facilitating the 
interaction between the CD8+ T cells and the tumor epithe-
lium. CD103 is therefore often used to distinguish intra- 
epithelial and stromal CD8+ T cells.12 Functional studies have 
shown that CD8CD103 TRM cells can secrete pro- 
inflammatory cytokines such as Interferon-γ (IFNγ), tumor 
necrosis factor-α, and express cytotoxic molecules granzyme 
A and B.13,14 In addition, as previously demonstrated by our 
group, CD8CD103 TRM cells also produce CXCL13, a crucial 
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chemokine involved in the development of tertiary lymphoid 
structures (TLS).15

In order to translate CD8CD103 TRM quantity and location 
into a diagnostic tool, the development of immune scores are 
needed. However, manual TIL quantification by pathologists is 
hampered by interobserver variability and is time-consuming.16 

The rise of digital pathology, including image-based quantifica-
tion and machine learning algorithms, provides an opportunity 
to overcome these limitations. Machine learning algorithms 
apply statistical methods to process data and have shown to be 
reproducible and reliable for the analysis of tissue composition 
in cancer.17 The deep characterization of the tumor microenvir-
onment, through spatial analysis and multiplexing, makes 
image-based quantification an efficient tool to extract compre-
hensive information on biomarker expression levels, co- 
localization, and compartmentalization.18,19 Horeweg et al. 
demonstrated the successful application of image-based 
CD8CD103 TRM quantification in early-stage endometrial can-
cer, by demonstrating concordance between automatic machine 
learning and assessment by expert pathologists. The study 
showed greater sensitivity of automatic machine learning com-
pared to manual quantification.20

In this study, we applied the same innovative image-based 
quantification technique as Horeweg et al. to address the ques-
tions; whether CD8, CD103 or both markers need to be quan-
tified for optimal prognostication in HGSOC; and whether all 
HGSOC patients or only specific subgroups of patients benefit 
from infiltration. We demonstrate that the prognostic benefit 
of CD8CD103 TRM infiltration in HGSOC is restricted to PDS 
treated patients with a complete debulking.

Methods

Patient selection

A recoded database was created containing information on 
clinico-pathological characteristics and follow-up of patients 
diagnosed with advanced stage HGSOC at the University 
Medical Center Groningen (Groningen, The Netherlands) 
and Isala hospital Zwolle (Zwolle, The Netherlands) between 
January 2008 and January 2017. Patients were staged according 
to international Federation of Gynecology and Obstetrics 
(FIGO) criteria 2014 based on World Health Organization 
(WHO) guidelines.

One of the gynecologic pathologist (EWD, JB, NW, HH) 
confirmed the histological subtype based on morphology, and 
when available P53 immunohistochemistry staining. 
Subsequently, the presence of tumor tissue was confirmed on 
H&E slides and representative locations with tumor tissue were 
selected for tissue microarray (TMA) construction. Patients were 
included if sufficient formalin-fixed paraffin embedded (FFPE) 
ovarian or omentum tumor tissue was available. Tissue was 
obtained either from primary debulking surgery or interval 
debulking surgery.

From a total of 409 patients that were screened, 268 
patients (65.5%) were included, follow-up survival data were 
available for 240 included patients of which 2 patients had an 
unknown surgical outcome. Of the 141 excluded patients 
follow-up, survival data were available for 92 of the patients 

(Supplementary Figure 1). The main reason for exclusion was 
the unavailability of viable tumor tissue. Approximately 80% 
of the excluded patients were primarily treated with NACT 
(Supplementary Table 1). Since these excluded NACT patients 
might represent ‘best responders to chemotherapy’, we ana-
lyzed overall survival (OS) in the exclusion versus inclusion 
cohort. We observed a prolonged survival for the included 
NACT patients compared to the excluded NACT patients 
(Supplementary Figure 2(b)). Within PDS-treated patients, 
no difference in OS was observed between included or 
excluded patients (Supplementary Figure 2(a)).

In total (n = 268), FFPE tissue of 191 advanced-stage HGSOC 
patients at the UMCG and 77 HGSOC patients at the Isala was 
available for the construction of a TMA. For 210 patients both 
infiltration density and survival data were available, of which 2 
patients had an unknown surgical outcome (Supplementary 
Figure 1). OS was calculated from the date of initial treatment 
(either primary surgery or first cycle of neo-adjuvant chemother-
apy) and was last updated in July 2020.

Tissue micro-array

Triplicate cores with a diameter of 1 mm were taken from each 
FFPE block and placed in a recipient block using a tissue micro-
arrayer (Beecher instruments, Silver Spring, USA). Both normal 
and tumor tissue were included as orientation cores and controls. 
From each TMA block, 3-μm-thick sections were cut and applied 
to APES-coated slides (Starfrost, Braunschweig, Germany).

Immunohistochemistry staining

FFPE slides were de-paraffinized and rehydrated in graded etha-
nol. Antigen retrieval was initiated with a preheated 10 mM 
citrate buffer (pH = 6). Endogenous peroxidase was blocked 
with a 0.3% H2O2 solution (0.5 mL 30% H202 in 50 mL PBS) 
for 30 minutes at room temperature. The primary antibodies 
against CD8 (1:50, Agilent/Dako, M710301-2) and CD103 
(1:200, CD103; ab129202) were diluted in phosphate buffered 
saline (PBS)(PBS + 1% BSA + 1% AB serum; total 80 µL) and, 
slides were incubated overnight at 4°C. Next, the slides were 
incubated with two secondary antibodies, first with envision 
+/HRP anti-rabbit (2 drops, K400311-2P), followed by second-
ary antibody immPRESS-AP mouse (MP-5402-15), both for 
30 min at room temperature. For visualization, StayYellow/ 
HRP (Abcam, ab169561) and Fast Red Substrate kit (Abcam, 
ab64254) were used according to manufacturers’ instructions. 
Appropriate washing steps with PBS, tris-buffered saline with 
0,1% Tween and demi water were performed between incuba-
tion steps. Sections were mounted with Eukitt quick-hardening 
mounting medium (Sigma Aldrich, Steinheim, Germany), and 
scanned on a Hamamatsu digital slide scanner (Hamamatsu 
photonics, Hamamatsu, Japan). Representative staining images 
are depicted in supplementary Figure 3.

Image-based quantification of CD8CD103 immune cell 
subsets

All digital slides were reviewed by two pathologists (DL and 
VHK) and spots with staining artifacts, folds or less than 50% 
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viable tissue/core were excluded from analysis. The digital 
image analysis was carried out using HALO digital image 
analysis software version v3.0.311.167 (Indica Labs, Corrales, 
NM, USA). Specifically, TMA slides were de-arrayed into indi-
vidual spot images of each tissue sample linked to clinical 
annotations. To localize and quantify tumor and stroma tissue, 
a deep neural network algorithm was trained using the Deep 
Net architecture. Necrosis, erythrocyte aggregates, and glass 
background were excluded. Graphical overlays were generated 
for each tissue class and the classification accuracy was 
reviewed. The total area of each tissue class was quantified 
in mm2. Cell detection, segmentation and staining quantifica-
tion for Nuclei (Hematoxylin, RGB 57, 49, 137), CD8 (Fast 
Red, RGB 203, 64, 122), and CD103 (StayYellow, RGB 216, 
173, 81) were performed in the tumor and stromal compart-
ment. CD8 and CD103 were classified as positive if staining 
intensity in the cytoplasmic compartment exceeded internal 
controls (nonimmune cells in same tissue) as validated by 
pathologist review. The total tissue area in the tumor and 
stromal compartment and the absolute and % number of 
CD8 and CD103 single and double-positive cells were recorded 
(Figure 1). CD8 and CD103 infiltration density (marker- 
positive cells/mm2) was calculated across all cores of each 
individual case and analyzed with clinico-pathological 
parameters.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for 
Windows, version 23 (IBM Corp., Armonk, N.Y., USA) and 
R (version 3.6.2). For analysis, immune cell densities were log2 
transformed. Clustering of cases was done by hierarchical clus-
tering using Ward’s minimum variance method in R using 
package pheatmap (https://cran.r-project.org/web/packages/ 
pheatmap/index.html). Correlations between CD8CD103 TRM 
cells and clinical and histopathological variables were analyzed 
using Multiple regression analysis in SPSS. Independent prog-
nostic value of CD8CD103 TRM cells was analyzed using 
Multivariate Cox analysis in SPSS. Analyses of OS as a function 
of immune cell density were performed by Cox proportional 
hazards models in R using packages RMS (https://cran.r-project. 
org/web/packages/rms/index.html) and survival (https://cran. 
r-project.org/web/packages/survival/index.html), and plotted 
using package ggPlot2 (https://cran.r-project.org/web/ 
packages/ggplot2/index.html). Proportionality of hazards was 
confirmed by scaled Schoenfeld residuals. Exploratory analysis 
of the optimal cutoff was determined in R using package 
Survminer https://cran.r-project.org/web/packages/survminer/ 
index.html). Survival curves were plotted in R using Survminer 
by using the Kaplan–Meier method. A p-value of <0.05 was used 
as cutoff for significance.

Figure 1. Schematic illustration of CD8CD103 quantification method. A digital image of CD8CD103 multiplex immunohistochemistry stained tissue was analyzed 
using a deep neural network algorithm, trained to distinguish the epithelial and stromal compartments. Stromal and epithelial compartments were combined to assess 
the unsegmented tissue (intratumoral). Quantification of CD8+CD103- (single CD8) and CD8-CD103+ (single CD103) and double positive CD8+CD103+ (CD8CD103 TRM) 
cells were recorded. Single CD8 and CD103 infiltration density (marker-positive cells / mm2) was calculated across all cores of each individual case. All scores were 
integrated into 15 endscores.
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Ethical review

Patient data were retrieved from the institutional database into 
a new recoded database, in which patient identity was pro-
tected by unique patient codes. According to Dutch law, the 
institutional review board approved the use of the no-objection 
procedure for further-use biobank and databank (METc 
2018.543).

Results

Cohort description

In total, 268 advanced-stage HGSOC patients were included. 
Patient characteristics from the two participating centers were 
compared and no significant difference was observed for FIGO 
stage, primary treatment and chemotherapy regimen (Table 1). 
OS did not differ between the two cohorts (p = .15; data not 
shown). BRCA-testing for EOC has only become standard of 
care since 2019 and is therefore largely unknown in our cohort 
and not compared for both centers. Based on the similar 
characteristics, both hospital cohorts were subsequently ana-
lyzed as one group.

Since patients are selected for primary treatment strategy 
(PDS or NACT) based on tumor burden, tumor location and 
health status, and therefore not comparable, the effect on OS 
was assessed independently for both patient groups. 
Additionally, we corrected for surgical outcome, since this is 

the main prognostic factor in HGSOC patients. Indeed, survi-
val analysis revealed a significant benefit of the extent of cytor-
eductive surgery in PDS patients with survival outcomes of 58, 
40 and 29 months in patients with a complete debulking versus 
an optimal or incomplete debulking, respectively (p < .01). 
Additionally, optimally debulked PDS patients had 
a significantly better survival than incompletely debulked 
patients (p < .01). In NACT patients, patients with a complete 
debulking had a significantly better survival outcome as com-
pared to patients with an optimal or incomplete debulking of 
39, 29 and 27 months, respectively (p < .01) (Supplementary 
Figure 4, Supplementary Table 3).

Patterns of infiltration of the CD8CD103 immune cell 
subsets

Infiltration of three immune cell subsets was assessed; 
CD8+CD103− (single CD8), CD8−CD103+ (single CD103) and 
CD8+CD103+ TRM cells (CD8CD103 TRM) in different loca-
tions; the epithelium and stromal compartments (Figure 1).20 

Hierarchical clustering revealed that patients were clustered 
together based on infiltration of the various cell subsets, inde-
pendent of location (Figure 2(a)). In addition, there was appar-
ent heterogeneity in the degree of single CD8, single CD103 and 
CD8CD103 TRM infiltration with a subgroup of patient samples 
infiltrated by single CD8 cells or single CD103 cells, but not 
CD8CD103 TRM cells. By contrast, most patient samples with 
a high level of CD8CD103 TRM infiltration were also character-
ized by a strong infiltrate of CD8 and CD103 single positive cells 
(Figure 2(a)). Multiple regression analysis revealed no significant 
association of FIGO stage, treatment strategy, or surgery out-
come with any of the clusters or cell subsets (Figure 2(a)). 
Finally, multiple regression analysis of histopathological markers 
determined during diagnostic workup (p53, p16, PAX8, WT1 
and CK7) revealed no particular association with the CD8CD103 
TRM immune clusters (Figure 2(b)).

Prognostic benefit of stromal and epithelial CD8CD103 
TRM infiltration

To determine which immune cell subset contributed to 
increased survival of the complete HGSOC patient population, 
we analyzed hazard ratios for all cell subsets in both the 
epithelial and stromal compartment (Figure 3(a)). Only 
CD8CD103 TRM in the epithelium were associated with 
improved survival (HR: 0.87, p = .056 and Figure 3(a,b)). 
Accordingly, exploratory analysis of survival at an optimal 
cutoff (top 15%) revealed a clear survival benefit for patients 
with high tumor epithelial CD8CD103 TRM infiltration 
(Figure 3(c)). In line with previous publications,21 we also 
assessed the survival benefit using the highest tertile for cutoff 
(Supplementary Table 4), which revealed a survival benefit for 
patients with tumor epithelial high CD8CD103 TRM infiltra-
tion (p = .01, Figure 3(d)).

Next, we explored survival in PDS and NACT patients as 
independent groups, since these two primary treatment strate-
gies are not directly comparable. We corrected for surgical 
outcome through comparison of patients with no macroscopic 
lesions after surgery (complete debulking) and patients with 

Table 1. Patient characteristics inclusion cohort.

UMCG 
(N = 191)

Isala 
(N = 77) P-value

N % N %

Mean age at diagnosis 65 63
FIGO stage a IIB/IIC 9 4.7 4 5.2 .89

III 142 74.3 58 75.3
IV 40 20.9 14 18.2
Unknown 0 0.0 1 1.3

BRCA status BCRA1/ BRCA2 mutation 12 6.3 12 15.6 N/A
No BCRA mutation 74 38.7 12 15.6
Unknown 105 55 53 68.8

Primary treatment PDS Complete 61 68.5 20 58.8 .53
Optimal 12 13.5 5 14.7
Incomplete 16 18.0 7 2.4
Unknown 0 0 2 5.9

NACT Complete 34 33.3 23 54.8 .01
Optimal 39 38.2 9 21.4
Incomplete 29 28.4 9 21.4
Unkown 0 0 1 2.4

NACT regime Carboplatin/Paclitaxel 97 95.1 40 95.2 .97
Other/Unknown 5 4.9 2 4.8

AC regime Carboplatin/Paclitaxel 153 80.1 67 87.0 .35
No chemotherapy 13 6.8 2 2.6
Other/Unknown 25 13.1 8 10.4

Disease status a Evidence of disease 142 74.3 49 63.6 .01
No evidence of disease 27 14.1 15 19.5
Progressive disease 

during primary 
treatment

7 3.7 11 14.3

Unknown 15 7.9 2 2.6

FIGO: Fédération Internationale de Gynécologie et d’Obstétrique. 
PDS: Primary debulking surgery followed by 6 cycles of adjuvant chemotherapy; 

NACT: 3 cycles of neo-adjuvant chemotherapy. followed by an interval debulk-
ing and 3 cycles adjuvant chemotherapy. 

Complete: all visible tumor lesions were removed; Optimal: tumor lesion left 
<1 cm; Incomplete: tumor lesions left >1 cm. 

aChi-square p-value excluded “Unknown/missing”.

e1935104-4 S. T. PAIJENS ET AL.



macroscopic tumor lesions after surgery (optimal/incomplete 
debulking). To allow for sufficient numbers of patients in the 
subanalysis, we chose the highest tertile as cutoff. In the PDS 
cohort, patients with no macroscopic tumor lesions after sur-
gery and high CD8CD103 TRM infiltration in the tumor 
epithelium or stroma were characterized by a significantly 
longer survival than patients with no macroscopic tumor 
lesions and low CD8CD103 TRM infiltrate (Figure 4(a), 
5-year survival 83% versus 52%; p = .03 and Figure 4(b), 
5-year survival 77% versus 54%; p = .01, respectively). In the 
NACT cohort, there was no effect of CD8CD103 TRM infiltra-
tion on OS in patients with and without macroscopic tumor 

lesions after surgery in stroma or tumor epithelium (Figure 4 
(c), p = .77 and Figure 4(d), p = .32).

Prognostic benefit of CD8CD103 TRM cell infiltration in 
unsegmented tissue

The pipeline used in the current study leverages both tissue 
segmentation and cell identification using machine learning 
algorithms. We next evaluated whether analysis of unsegmented 
tissue would provide comparable prognostic benefit and poten-
tially accelerate future clinical workflows. Hereto, we analyzed 
survival of patients stratified by single CD8, single CD103 or 
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CD8CD103 TRM in the total patient cohort. Only CD8CD103 
TRM was associated with survival benefit when analyzing 
unsegmented tissue (p = .01) (Figure 5(a)). In addition, neither 
total CD8 (HR 1.02 [0.92–1.1], p = .76) nor total CD103 (HR 
0.92 [0.80–1.1], p = .23) were associated with improved survival. 
Analysis by log-rank test using either the optimal cutoff or the 
top tertile confirmed prognostic benefit for highly infiltrated 
patients (Figure 5(c,d), respectively). Exploratory sub-analysis 
of CD8CD103 TRM in the individual patient groups again 
revealed the restriction of prognostic benefit to PDS patients 
with no macroscopic tumor tissue (Figure 5(e)).

Discussion

This study applies a digital quantification method,20 employing 
deep neural networks for tissue segmentation, to determine the 
infiltration patterns of single CD8, single CD103 and 
CD8CD103 TRM in HGSOC, and to investigate the impact 
of the spatial distribution of immune cells in the tumor micro-
environment on clinical outcomes. We demonstrate that high 
CD8CD103 TRM infiltration is associated with improved sur-
vival in HGSOC patients; however, this survival benefit is 
restricted to completely debulked PDS patients.

In line with previously published work, PDS patients 
with a complete debulking had the longest OS (±58 months), 

followed by optimally debulked PDS patients and comple-
tely debulked NACT patients (both ±40 months).21,22 

Importantly, the ~50% 5-year OS in PDS patients treated 
between 2008 and 2017 in this study was also comparable to 
other published data demonstrating a 44–56% 5-year OS in 
PDS patients treated between 2006 and 2013.22 In our 
NACT cohort, time to recurrence and OS were approxi-
mately 13 and 31.8 months, which is a slightly inferior 
outcome than published by Cobb et al., who demonstrated 
a PFS of 16.4 and an OS of 48.2 months. However, in the 
recent analysis by Cobb et al., HGSOC patients were not 
randomly selected as they were matched to the investigated 
low-grade serous ovarian cancer patients. Hence, approxi-
mately two-third of the NACT patients had no tumor 
lesions post-surgery,23 whereas in our study only one-third 
of the NACT patients had a complete interval debulking 
surgery.

In general, EOC is characterized by a relatively low muta-
tional burden and low numbers of TILs compared to, for 
example, melanoma and lung cancer.24,25 The present cohort 
confirms the overall low number of TILs in HGSOC with only 
15% of the patients having high CD8CD103 TRM infiltrate, 
based on the optimal cutoff. Our results on the restricted 
prognostic benefit of CD8CD103 TRM to completely debulked 
PDS patients are in line with Zhang et al., who also reported 
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prognostic benefit of TILs related to surgical outcome in ovar-
ian cancer.26 Why only this small subgroup of patients benefits 
from high CD8CD103 TRM infiltration remains unclear. 
Hypothetically, in patients with macroscopic tumor lesions 
after surgery, the remaining tumor load could exploit immune 
escape mechanisms, thereby suppressing CD8CD103 TRM 
activity. In NACT patients, no clear survival benefit was 
observed for patients with high TRM infiltration in either the 

stromal or epithelial compartment, which is concordant with 
our previous work.21 The absence of prognostic benefit of TILs 
in NACT patients has been observed in our previous research 
and could be explained by reduced MHC-I expression resulting 
in lack of CD8 T cell activation and reduced immunogenicity.27 

Indeed, chemotherapy has been associated with MHC-I down 
regulation in cancer.28
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As expected, CD8CD103 TRM quantification in the tumor 
epithelium had the strongest predictive value. However, not 
only epithelial but also stromal CD8CD103 TRM infiltration 
was predictive for improved survival. Since analysis of TMA 
slides provide a two-dimensional assessment of tissue architec-
ture, it cannot be excluded that the stromal CD8CD103 TRM 
were not still located in close proximity to the tumor epithe-
lium just below or above the cross-section of the assessed 
TMA-slide. Furthermore, a fraction of the stromal 
CD8CD103 TRM could also represent ‘bystander’ tissue resi-
dent memory T cells (bystander-TRM). Bystander-TRM are 
tumor-unspecific T cells, residing in lymphoid and non- 
lymphoid tissues and can contribute to the anti-tumor immune 
response via the delivery of common adjuvant viral peptides, 
resulting in the recruitment and accumulation of immune cells 
such as CD8+ T cells and NK cells.29

In unsegmented tissue, CD8CD103 TRM were only asso-
ciated with improved survival in PDS patients with no macro-
scopic tumor tissue remaining after debulking surgery and 
seemed equally prognostic compared to assessment of the 
tumor epithelium compartment alone. Consequently, assess-
ment of CD8CD103 TRM in unsegmented tissue, and not in 
individual compartments, could potentially accelerate future 
clinical workflows, increasing clinical applicability. Of note, an 
inverse correlation was observed in unsegmented tissue of both 
PDS and NACT patients with macroscopic lesions after sur-
gery; low infiltration had a better survival compared to high 
infiltration. In the PDS cohort, the group with low infiltration 
consisted out of 12 optimal and 8 incomplete surgeries com-
pared to three optimal and nine incomplete in the highly 
infiltrated group, providing an explanation for this unexpected 
survival difference. In the NACT cohort, only 15 patients were 
characterized with high infiltration versus 53 patients with low 
infiltration. Unfortunately, group sizes were too small to inde-
pendently analyze survival for all surgical outcomes.

The results found in this study could potentially be used 
to improve immune checkpoint inhibition (ICI) treatment 
response rates and pave the way for personalized treatment. 
Up to now, ICI has shown limited response rates of only 10– 
15% in OC.30 However, these phase II clinical trials were 
performed in unstratified relapsed or platinum-resistant OC 
patients.31,32 Recent studies in the primary setting suggest 
ICI treatment early-on might be superior compared to ICI 
after disease recurrence.33,34 Thus, we would argue for the 
exploration of ICI maintenance therapy in HGSOC patients, 
in combination with standard adjuvant chemotherapy. 
Patients could be further stratified based on TIL infiltration, 
as it is well-established that ICI is most effective in tumors 
infiltrated by a high number of TILs.35–37 Completely 
debulked PDS patients with high CD8CD103 TRM infil-
trated tumors might therefore particularly benefit from ICI 
maintenance treatment. Whereas patients with complete 
PDS and low CD8CD103 TRM infiltrated tumors, might 
benefit more from a combinatorial treatment regimen of 
anti-tumor vaccination and subsequent ICI. This was 
recently successfully demonstrated in melanoma patients 
receiving an antigen-encoding mRNA vaccine, targeting 
non-mutated tumor-associated antigens, alone or in combi-
nation with ICI. Interestingly, response rates were not 

correlated with tumor associated antigen expression nor 
mutational burden, supporting the applicability of this com-
binatorial strategy in tumors with low mutational burden 
such as OC.38

Overall, the results provided by this study demonstrate 
CD8CD103 double staining as a superior tool for prognostica-
tion compared to single CD8 or CD103 and advocates the 
further exploration of image-based quantification of 
CD8CD103 TRM in HGSOC. We demonstrate that the prog-
nostic benefit of CD8CD103 TRM infiltration in HGSOC is 
restricted to PDS treated patients with a complete debulking. 
This approach provides novel insights into prognostic stratifi-
cation of HGSOC patients and may contribute to personalized 
treatment strategies in the future.
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