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Abstract: Background: the association between ovarian endometriosis (OE) and endometriosis-
associated ovarian cancer (EAOC) is extensively documented, and misfunction of the immune
system might be involved. The primary objective of this study was to identify and compare the
spatial distribution of tumour-infiltrating lymphocytes (TILs) and tumour-associated macrophages
(TAMs) in OE and EAOC. Secondary objectives included the analysis of the relationship between
immunosuppressive populations and T-cell exhaustion markers in both groups. Methods: TILs (CD3,
CD4, and CD8) and macrophages (CD163) were assessed by immunochemistry. Exhaustion markers
(PD-1, TIM3, CD39, and FOXP3) and their relationship with tumour-associated macrophages (CD163)
were assessed by immunofluorescence on paraffin-embedded samples from n = 43 OE and n = 54
EAOC patients. Results: we observed a predominantly intraepithelial CD3+ distribution in OE but
both an intraepithelial and stromal pattern in EAOC (p < 0.001). TILs were more abundant in OE
(p < 0.001), but higher TILs significantly correlated with a longer overall survival and disease-free
survival in EAOC (p < 0.05). CD39 and FOXP3 significantly correlated with each other and CD163
(p < 0.05) at the epithelial level in moderate/intense CD4 EAOC, whereas in moderate/intense CD8+,
PD-1+ and TIM3+ significantly correlated (p = 0.009). Finally, T-cell exhaustion markers FOXP3-CD39
were decreased and PD-1-TIM3 were significantly increased in EAOC (p < 0.05). Conclusions: the
dysregulation of TILs, TAMs, and T-cell exhaustion might play a role in the malignization of OE
to EAOC.
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1. Introduction

Endometriosis is a common oestrogen-dependent inflammatory disease that affects
millions of women and teen girls worldwide, up to 50% of women with chronic pelvic
pain, and 30–50% of women with infertility [1]. The endometriotic microenvironment is
composed of an intricate mixture of distinct cell types (i.e., endometrial epithelial cells,
stromal fibroblasts, and immune cells), metabolic waste products, and steroid hormones,
among others. Remarkably, several components of this endometriotic microenvironment
might favour the growth and development of ovarian cancer (OC) [2]. The association
between ovarian endometriosis (OE) and OC is largely supported by extensive epidemi-
ological studies which have coined the entity endometriosis-associated ovarian cancer
(EAOC) [3]. EAOC is represented by epithelial ovarian tumours, mainly clear cell ovarian
carcinomas (CCOC) and endometrioid ovarian carcinomas (EOC). In contrast to the most
frequent and aggressive epithelial tumour of the ovary (high-grade serous ovarian cancer,
HGSOC), EAOC presents several distinctive clinical characteristics, highlighting its usual
diagnosis at early stages and the presence of mutations in KRAS, ERBB2, PTEN, PIK3CA,
and ARID1A and rare mutations in TP53 [4]. A large epidemiologic study from the Dutch
National Database points to the association of endometriosis as a protective factor in OC
patients. Specifically, the authors demonstrated that patients with OC and concomitant
endometriosis have increased overall survival (OS) compared to those OC patients without
concomitant endometriosis [5].

At the cellular level, the role of the immune system has attracted recent increasing
research interest both in OC and in the malignant transformation of endometriosis [3].
Regarding OC, Santoiemma and colleagues [6] showed that infiltration by CD3+CD4+ and
CD3+CD8+ T-cell tumour-infiltrating lymphocytes (TILs) played a crucial role in disease
progression and were associated with a positive prognosis. Khalique and collaborators [7]
performed a transcriptomic and immunofluorescence characterization of CCOC tumours,
showing spatial differences between immunosuppressive immune and effector populations
that could identify patients with a high risk of recurrence and those with a potential
response to immune checkpoint therapy. Further research allowed the observation that
endometriosis specimens may present cancer-like immune cell infiltrates. Edwards et al. [8]
showed that patients with OE display either a benign inflammatory transcriptomic profile
or activation of the complement pathway and humoral immunity. Notably, complement
upregulation might be one of the key steps in the early carcinogenesis of patients with
OE by favouring immunosuppression and neoangiogenesis. In contrast, Nero et al. [9]
reported a specific T-cell immune pattern in EAOC. Specifically, compared to OE, EAOC
presented lower TILs and higher programmed death-1/programmed death ligand-1 (PD-
1/PD-L1) expression profiles. Interestingly, one-third of OE also had immune cancer-like
infiltrate. These results suggest that early immune changes might define a group of
OE patients with a high risk of developing EAOC, characterized by low intraepithelial
CD3+CD4+ and/or CD3+CD8+ T-cell infiltration and T-cell exhaustion (the latter being in
turn characterized by the expression of markers as CD39 and immune checkpoints as PD-1
and T-cell immunoglobulin and mucin-domain containing-3 (TIM3)). Nevertheless, the
effect of an endometriosis-specific microenvironment and inflammation profile on immune
cell compartment distribution and function remains unknown.

The primary objective of this study is to identify and compare the spatial distribution
of CD3+/CD4+ and CD3+/CD8+ TILs and tumour-associated macrophages (TAMs) in
OE and EAOC. Secondary objectives include the analysis of the relationship between
immunosuppressive populations and T-cell exhaustion markers in both groups.
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2. Materials and Methods
2.1. Study Cohort

We conducted a retrospective multicentre case-control study of patients with OE (study
period 2016–2019) and EAOC (study period 1999–2019) who were diagnosed and treated
at the La Paz University Hospital (Madrid, Spain) and the General University Hospital
of Valencia (Valencia, Spain). A pathologist with more than 10 years of experience in
Gynaecological Pathology confirmed the diagnosis of OE and/or EAOC at each institution,
respectively. Demographic, clinicopathological, surgical, and follow-up data were collected.
Research electronic data capture (REDCap, https://redcap.general-valencia.san.gva.es/
redcap/, accessed on 20 March 2023) was used for optimal data collection and sharing
between institutions [10].

Inclusion criteria comprised the following: patients of legal age, patients who signed
the informed consent, patients undergoing surgery for symptomatic or suspected OE, and
patients undergoing surgery for early or advanced EAOC with concomitant endometriosis.
Exclusion criteria were patients with autoimmune diseases or a history of hepatitis B or C or
human immunodeficiency virus. Treatment with gonadotropin releasing hormone agonists
or oral contraceptives were not considered exclusion criteria. The revised classification
of the American Fertility Society (rAFS) was used for endometriosis patients [11]. In the
case of advanced EAOC, exploratory laparoscopy was performed to assess resectability
(primary cytoreductive surgery) and to obtain a histological diagnosis. Patients with deep
infiltration of the small bowel mesentery, diffuse carcinomatosis, and a tumour involving
large parts of the small bowel, stomach, and infiltration of the duodenum or pancreas
were considered unresectable and selected for neoadjuvant chemotherapy. All patients
underwent cytoreductive surgery after neoadjuvant chemotherapy. The tumour residual
after the cytoreductive procedure was measured using the Completeness of Cytoreduction
score [12].

Disease-free survival (DFS) was defined as the time (months) from the surgery date to
the first recurrence or last follow-up. OS was defined as the time (months) from diagnosis
to all causes of death (or the date of the last follow-up for alive patients). Recurrent disease
was identified by clinical symptoms (pelvic pain and weight loss), elevation of tumour
blood markers (CA-125 levels), and suggestive imaging findings during follow-up.

Ethical statement: all patients were included in the study after signing informed
consent. The research was carried out following the ethical principles of the Declaration
of Helsinki (1964) and its subsequent modifications [13]. The study was approved by the
Clinical Research Ethics Committee of the La Paz University Hospital of Madrid (PI-3350)
and the General University Hospital of Valencia (FIHGUV 2020/200).

2.2. Samples Preparation

Endometriotic and tumoral formalin-fixed lesions were paraffin-embedded. Based on
Hematoxylin and Eosin stains performed for routine pathological diagnosis, the block that
best represented the heterogeneity of the lesion and its microenvironment for each patient
was defined. The selected block was cut into serial 4 µm sections, mounted onto glass slides,
deparaffinized with xylene, and rehydrated with ethanol. The distribution of TILs and
exhausted lymphocytes and macrophages was assessed in the whole tissue of each slide.

2.3. Immunohistochemistry

Immunohistochemistry (IHC) stainings with the antibodies of interest were carried
out to determine the TILs population and distribution. Specific markers of T lymphocytes
(CD3: IR503; CD4: IR649; and CD8: IR 623 (Dako-, Agilent, Santa Clara, CA, USA)) were
employed, and analyses were performed using Autostainer Link 48 automated equipment
(Dako-Agilent, Santa Clara, CA, USA). For the label determination, appropriate peroxidase-
conjugated secondary antibodies (Goat anti-Mouse IgG, #AP124P, (Merck, Darmstadt,
Germany); Goat anti-Rabbit #AP132P, (Merck, Darmstadt, Germany) were used. Peroxidase
activity was revealed with diaminobenzidine (ThermoScientific, Waltham, MA, USA). The

https://redcap.general-valencia.san.gva.es/redcap/
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immune marker expression was evaluated for the epithelial and stromal compartments at
10 independently selected areas at 40×magnification. Areas of 0.0625 mm2 were digitally
photographed and counted manually. All sections were evaluated by two independent and
experienced pathologists (J.M.-A. and E.M.P.-B.) who were blinded to the clinicopathologic
parameters and clinical outcomes of the patients. For disagreements, the opinion of a third
pathologist (A.M.-M.) was requested to define the case. Staining intensity was evaluated in
each specimen. As a positive control of the technique, slices of a human amygdala without
disease were used. The results were manually scored on a semi-quantitative scale of 0 to 3:
0, negative; 1, weak; 2, intermediate; and 3, intense signal.

2.4. Immunofluorescence

The distribution of exhausted lymphocytes and macrophages was assessed by im-
munofluorescence (IF). Specifically, those patients with moderate/intense signals of intra
epithelial and/or stromal CD3+CD4+ and CD3+CD8+ TILs were selected. For patients with
CD3+CD8+ moderate/intense signal, immune staining with specific exhausted lympho-
cytes markers PD-1 (1:100; ab214421, (Abcam, Cambridge, UK)) and TIM3 (1:50; PA5-18470
(Life Technology S.A. Invitrogen, Waltham, MA, USA)) were performed. In patients
with CD3+CD4+ moderate/intense signal, Forkhead Box P3 (FOXP3) (1:200; PA1-9044
(Life Technology S.A. Invitrogen, Waltham, MA, USA)) and CD39 (1:100; PA5-97709 (Life
Technology S.A. Invitrogen, Waltham, MA, USA)) antibodies were used. Additionally,
distribution of CD163+ TAMs (1:100; ab87099, (Abcam, Cambridge, UK)) was examined
in both groups. For the fluorimetric detection, the following secondary antibodies were
used: Alexa Fluor® 488 AffiniPure Fab Fragment Goat Anti-Rabbit IgG, Fc fragment specific
(1:500; 111-547-008, (Jackson ImmunoResearch, Baltimore Pike, PA, USA)) for PD-and CD39;
Alexa Fluor® 594 AffiniPure Mouse Anti-Goat IgG (H+L) (1:500; 205-585-108 (Jackson Im-
munoResearch, Baltimore Pike, PA, USA)) for TIM3 and FoxP3; and Alexa Fluor® 647
AffiniPure Fab Fragment Goat Anti-Rabbit IgG, Fc fragment-specific (1:500; 111-607-008,
(Jackson ImmunoResearch, Baltimore Pike, PA, USA)). Nuclear staining was carried out
with 4′,6-diamidino-2-phenylindole (DAPI) (Merck, Darmstadt, Germany).

From the histological sections of the patients under study, IF assays were carried out
for two sets of markers: FOXP3-CD39-CD163 (Set 1) and PD-1-TIM3-CD163 (Set 2). Firstly,
the channel corresponding to each fluorophore was identified from the images obtained in
a fluorescence microscope (DMI 4000 D (Leica, Wetzlar, Germany). Once the channels were
determined, the mean intensity per channel/fluorophore was assessed in each patient’s
slide using the imageJ program (U. S. National Institutes of Health, Bethesda, MD, USA,
https://imagej.nih.gov/ij/, 1997–2018, accessed on 20 March 2023). The intensities of each
marker were normalized to the corresponding DAPI intensity per photo. To determine if the
patients had high or low intensity values for each marker, the median of each patient for a
certain marker was compared with the group median of the same marker, thus determining
if its value was above (HIGH) or under (LOW). Likewise, the average of the medians of the
Set 1 and Set 2 markers was calculated, and the average of each patient was compared for
the set to determine if it was HIGH or LOW. All subsequent statistical comparisons were
made from these values.

2.5. Statistical Analysis

All the variables were checked for normality of the distribution using the Kolmogorov–
Smirnov test. Qualitative data descriptions were made using absolute frequencies and percent-
ages, and quantitative data descriptions were made using the mean ± the standard deviation
of the mean or the median and interquartile range, depending on the adjustment to normality.
Comparisons were made using the chi-square test or Fisher’s exact test for categorical vari-
ables and the Student’s t-test or Mann–Whitney test for independent data as parametric and
non-parametric tests, respectively. Statistical significance levels for the correlations between
quantitative variables were calculated using the Spearman’s correlation test. The survival
analysis was carried out using the Kaplan–Meier analysis and the log-rank test. All statistical

https://imagej.nih.gov/ij/
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tests were considered bilateral and significant with p-values < 0.05. Data were analysed using
R software (version 3.6.2) (The R foundation, Wien, Austria).

3. Results

During the study period, 97 patients met the inclusion criteria. Depending on their
histopathology results, the patients were divided into two groups: OE patients (n = 43) and
EAOC patients with concomitant endometriosis (n = 54). The EAOC group was further
divided into two subgroups: endometrioid ovarian cancer (EOC; n = 30) and clear cell ovarian
cancer (CCOC: n = 24). The presence of endometriosis in all cases of EAOC was histologically
confirmed. The mean age of the patients with OE was 38.4 (± 6.1) years old, and the mean
body mass index (BMI) (kg/m2) was 24.7 ± 3.5 kg/m2. Following endometriosis rAFS
classification, 7 (16.28%) patients belonged to stage I-II; 26 (60.47%) belonged to stage III; and
10 (23.26%) belonged to stage IV. The mean age of the EAOC patients was 53.5 years old
±11.7, with a mean BMI of 25.8 ± 4.1 kg/m2. Patients with EAOC were significantly older
than patients with OE (p < 0.001). Concerning BMI, no statistically significant differences
were observed between the OE and EAOC groups (p = 0.17). The EOC and CCOC patients’
characteristics and follow-ups are summarized in Table 1. The median overall follow-up
(months) for the EAOC patients was 87.50 (Q1–Q3: 35.5–156.5).

Table 1. Clinical and demographic characteristics of the following subgroups. EAOC: EOC vs. CCOC.

EOC (n = 30) CCOC (n = 24) p-Value

Age (years) (mean ± SD) 52.0 ± 10.3 55.4 ± 13.2 NS (0.301) a

BMI (kg/m2) (mean ± SD) 25.4 ± 4.5 26.3 ± 3.5 NS (0.435) a

FIGO stage (N (%))

NS (0.267) bI–II 24 (80.0) 16 (66.7)

III–IV 6 (20.0) 8 (33.3)

Grade (N (%))

NS (0.588) bG1 8 (26.7) 4 (16.6)

G2 18 (60.0) 15 (62.5)

G3 4 (13.3) 5 (20.8)

Surgical performance (N (%))

NS (0.695) bComplete 25 (83.3) 19 (79.2)

Not complete (optimal + suboptimal) 5 (16.7) 5 (20.8)

Neoadjuvant treatment (N (%))

NS (0.816) bYes 2 (6.7) 2 (8.3)

No 28 (93.3) 22 (91.7)

Adjuvant treatment (N (%))

NS (0.462) bYes 28 (93.3) 21 (87.5)

No 2 (6.7) 3 (12.5)

Recurrence (N (%))

NS (0.793) bYes 9 (30.0) 8 (33.3)

No 21 (70.0) 16 (66.7)

Exitus (N (%))

NS (0.081) bYes 7 (23.3) 11 (45.8)

No 23 (76.7) 13 (54.2)

OS (months) (median; Q1–Q3) 123.0; 59.5–159.0 57.5; 12.0–163.0 0.030 c

DFS (months) (median; Q1–Q3) 106.0; 28.0–158.0 38.5; 10.5–163.0 NS (0.269) c

BMI: body mass index; EAOC: endometriosis-associated ovarian cancer; EOC: endometrioid ovarian cancer;
CCOC: clear cell ovarian cancer; FIGO: International Federation of Gynaecology and Obstetrics; SD: standard
deviation; DFS: disease-free survival; OS: overall survival; NS: not significant; a Student’s t-test; b Pearson
chi-square test; c log-rank test.
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3.1. Immunohistochemical Analysis of TILs Distribution in OE and EAOC

The distribution of TILs in the OE, EAOC, and EAOC subgroups are shown in Table 2.
Regarding the distribution of TILs, we observed that OE mainly presented an intraepithelial
CD3+ distribution (80%), whereas EAOC showed predominantly both an intraepithelial
and stromal pattern (62.5%) (p ≤ 0.001). Furthermore, the TILs signal was higher in OE
than in EAOC (moderate/intense vs. low/mild, respectively; p ≤ 0.001). We did not find
statistically significant differences in the TILs’ locations and signal characteristics within
the different EAOCs subtypes.

Table 2. The distribution of TILs in OE (n = 43) versus EAOC (n = 54) (*).

OE
(n = 43) EAOC (n = 54) EOC (n = 30) CCOC (n = 24) p-Value

(EAOC vs. OE)
p-Value

(EOC vs. COCC)

CD3 signal (N (%))

Yes
No

40 (100.0)
0 (0.0)

48 (98.0)
1 (2.0)

26 (96.3)
1 (3.7)

22(100.0)
0 (0.0)

NS
(0.551) a

NS
(0.551) a

Low/mild
Moderate/intense

13 (32.5)
27 (67.5)

36 (78.3)
10 (21.7)

19 (79.2)
5 (20.8)

17 (77.3)
5 (22.7) <0.001 a NS

(0.876) b

Intraepithelial
Stromal

Intraepithelial
and stromal

32 (80.0)
0 (0.0)
8 (2.0)

16 (33.3)
2 (4.2)

30 (62.5)

7 (26.9)
2 (7.7)

17 (65.4)

9 (40.9)
0 (0.0)

13 (59.1)
<0.001 a NS

(0.291) a

CD4 signal (N (%))

Yes
No

36 (94.7)
2 (5.3)

39 (86.7)
6 (13.3)

21 (87.5)
3 (12.5)

18 (85.7)
3 (14.3)

NS
(0.279) a

NS
(0.600) a

Low/mild
Moderate/intense

17 (51.5)
16 (48.5)

24 (77.4)
7 (22.6)

14 77.8)
4 (22.2)

10 (77.0)
3 (23.0) 0.031 a NS

(0.955) b

Intraepithelial
Stromal

Intraepithelial
and stromal

23 (63.9)
4 (11.1)
9 (20.9)

14 (35.9)
8 (20.5)

17 (43.6)

7 (33.3)
3 (14.3)

11 (52.4)

7 (38.9)
5 (27.8)
6 (33.3)

NS
(0.053) a

NS
(0.417) a

CD8 signal (N (%))

Yes
No

36 (90.0)
4 (10.0)

34 (69.4)
15 (30.6)

20 (76.9)
6 (23.1)

14 (60.8)
9 (39.2) 0.018 b NS

(0.224) b

Low/mild
Moderate/intense

16 (47.1)
18 (52.9)

26 (86.7)
4 (13.3)

14 (87.5)
2 (12.5)

12 (85.7)
2 (14.3) 0.001 b NS

(0.886) b

Intraepithelial
Stromal

Intraepithelial
and stromal

25 (69.4)
2 (5.6)

9 (20.9)

18 (52.9)
4 (11.8)

12 (35.3)

8 (40.0)
4 (20.0)
8 (40.0)

10 (71.4)
0 (0.0)

4 (28.6)

NS
(0.336) a

NS
(0.098) a

TILs (N (%))

Low/mild
Moderate/intense

4 (11.1)
32 (88.9)

30 (73.2)
11 (26.8) 0.001 a

OE: ovarian endometriosis; EAOC: endometriosis-associated ovarian cancer; EOC: endometrioid ovarian cancer;
CCOC: clear cell ovarian cancer; TILs: tumour infiltrating lymphocytes; NS: not significant. (*) Immunohisto-
chemistry has been performed in the specimens from the whole cohort. Missing data due to technical difficulties
have been excluded from the analyses. a Chi-square test. b Fisher exact test.

3.2. Oncological Outcomes Depending on TILs Infiltration Signal in EAOC Patients

EAOC patients with TILs signal in the intratumoral and/or stromal compartments
were included in the survival analyses. Survival outcomes and TIL infiltration patterns
are summarized in Table 3. We observed a statistically significant association between a
higher TILs infiltrate and a longer OS, OS in patients with adjuvant therapy, and DFS in
patients with adjuvant therapy (p ≤ 0.03). Regarding Kaplan–Meier survival curves, TILs
were associated with improved DFS in EAOC (p < 0.03), mainly in EOC (p = 0.018). In
the CCOC subtype, TILs did not correlate with increased DFS (p = 0.261) (Figure 1). To
confirm whether the observed associations were mainly due to the difference in TILs signal
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between groups, we compared clinical variables (age, FIGO stage, grade, surgical perfor-
mance, and neoadjuvant and adjuvant treatment) between patients with low/mild and
moderate/intense TILs signal in all EOAC patients and in the EOC and CCOC subgroups.
No statistically significant differences were observed in any of these variables, discarding a
confounding effect of these variables on our results.

Table 3. Oncological outcome results depending on TILs signal in patients with EAOC.

TILs Signal

Low/Mild Moderate/Intense p-Value

Exitus

Yes 11 (33.7) 1 (9.1) NS (0.128) a

No 19 (63.3) 10 (90.9)

Recurrence

Yes 11 (63.7) 1 (9.1) NS (0.128) a

No 19 (63.3) 8 (90.9)

OS ≥ 68 months

Yes 12 (54.5) 9 (100.0) 0.030 a

No 10 (45.5) 0 (0.0)

OS ≥ 68 months in patients with adjuvant therapy

Yes 10 (52.6) 9 (100.0) 0.026 a

No 9 (47.4) 0 (0.0)

DFS ≥ 45 months

Yes 10 (41.7) 10 (90.9) 0.010 a

No 14 (58.3) 1 (9.1)

DFS ≥ 45 months in patients with adjuvant therapy

Yes 8 (38.1) 10 (90.9) 0.008 a

No 13 (61.9) 1 (9.1)

Calculations were performed considering median overall survival and disease-free survival. DFS: disease-free
survival; OS: overall survival; NS: not significant; TILs: tumour-infiltrating lymphocytes. a Fisher’s exact test.

3.3. Analyses of T-Cell Exhaustion Markers in EAOC

Immunofluorescence staining for T-cell exhaustion and TAMs markers was performed
in those EAOC specimens in which CD4+ and/or CD8+ showed a moderate/intense signal
in immunochemistry analyses (n = 13). Specifically, the FOXP3+/CD39+/CD163+ panel
was measured in those patients with CD4+ moderate/intense signal and the
PD-1+/TIM3+/CD163+ panel in those with CD8+ moderate/intense signal. At the in-
traepithelial level, we observed a statistically significant association in the expression of
PD-1+ and TIM3+ (Pearson’s r = 0.96, p = 0.009), CD39+ and FOXP3+ (Spearman’s ρ = 0.83,
p = 0.015), and CD39+ and CD163+ (Spearman’s ρ = 0.76, p = 0.037). At the stromal level,
TIM3+ expression showed a tendency towards a positive correlation with the expression of
CD163+ (Spearman’s ρ = 0.87, p = 0.056).

3.4. Comparison of T-Cell Exhaustion Markers in EAOC vs. OE

Regarding the expression of T-cell exhaustion and TAMs markers, FOXP3+/CD39+/CD163+
was significantly decreased in EAOC compared to OE in those patients with CD4+ moder-
ate/intense signal. In addition, we observed a significant increase in PD-1+/TIM3+/CD163+ in
EAOC compared to OE in those patients with CD8+ moderate/intense signal (Figures 2 and 3).
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Figure 1. Kaplan–Meier survival curves. Comparison of: (A) DFS and (B) OS in EAOC patients;
(C) OS and (D) DFS in EOC patients; and (E) OS and (F) DFS in CCOC, attending to TILs signal
intensity (low/mild vs. moderate/intense). CCOC: clear cell ovarian cancer; DFS: disease-free
survival; EAOC: endometriosis-associated ovarian cancer; EOC: endometrioid ovarian cancer; OS:
overall survival; TILs: tumour-infiltrating lymphocytes.
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intraephitelial staining were considered together. * p-value < 0.05. EAOC: endometriosis-associated
ovarian cancer; NS: no significance; OE: ovarian endometriosis.
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Figure 3. Representative examples of staining (A) FOXP3-CD39-CD163-DAPI-Merge and (B) PD-1-
TIM3-CD163-DAPI-Merge in tissue samples of patients with OE and EAOC. EAOC: endometriosis-
associated ovarian cancer; OE: ovarian endometriosis. Scale bar: 50 µm.

4. Discussion

The association between OE and EAOC is extensively documented. Although the exact
pathogenic mechanism of malignization remains elusive, a misfunction of the immune
system might be involved. In this retrospective case-control study, we showed that OE
presented with higher TILs infiltrate and different spatial TILs distribution compared
to EAOC. Whereas OE displayed a predominant CD3+ intraepithelial distribution and
higher CD3+ signal, EAOC showed a combined intraepithelial and stromal pattern, and
mild/low CD3+ signal. OE also showed a significantly increased CD8+ infiltrate and
a higher CD8+ signal compared to neoplastic lesions. T-cell subtype infiltrate as well
spatial T-cell distribution, immune checkpoint expression profile, and co-localization with
regulatory T-cells and myeloid suppressive populations in patients with moderate/intense
CD4+ and/or CD8+ signals were suggestive of an inflamed phenotype and excluded
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profile in EAOC [14]. Regulatory and suppressive populations were enriched in OE lesions,
putatively contributing to promoting the progression of EAOC.

In this study, we identified a significantly higher rate of moderate/intense TILs sig-
nal in OE. Similarly, results were reported in a retrospective study of Nero et al. [9] that
included 55 EAOC patients and 55 OE patients. A significantly higher count of infil-
trating T lymphocytes was observed in endometriosis cases compared to EAOC, mainly
endometrioid. Furthermore, Scheerer et al. [15] showed that a specific subgroup (CD3+,
CD4+, and CD8+ phenotype) of infiltrated immune cells was associated with ovarian and
peritoneal endometriosis.

In our series, we identified differences in the spatial locations of CD3+ cells. In OE,
CD3+ infiltrate was mainly located in the intraepithelial compartment, while CD3+ cells
were located both in the intraepithelial and stromal compartment in 62.5% and 2% of EAOC
and OE, respectively (p < 0.001). These results suggest stromal interactions leading to an
excluded phenotype in EAOC. Other studies using the same methodological approach
have also shown exclusion mechanisms in CCOC, particularly in patients with ARID1A
mutation (ARID1Amut) [7,16] In particular, Devlin et al. [16] showed that patients with
CCOC and ARID1A wild type (ARID1Awt) contained significantly higher amounts of
CD3+, CD8+, and CD4+ cells in the stromal area compared to ARID1Amut tumours.
Consequently, ARID1Amut CCOC showed a reduction in the infiltration and proliferation
of T-cells alongside a reduction in stromal CD8+ and CD4+ T-cell activity. These authors
hypothesized that ARID1Amut CCOC arise from endometriosis since ARID1Amut is an
early event in the malignant transformation of OE [16]. Similarly, we observed stromal
CD3+ and CD8+ signal reduction in CCOC compared to EOC, although without reaching
statistical significance. In addition, in a cohort of 33 CCOC, Khalique et al. [7] found that
CD8+ cells were more prevalent in the stroma of ARID1Amut patients. On the contrary, they
failed to observe any differences in terms of CD4+ spatial distribution between ARID1Amut
and ARID1Awt cases.

In our series, we did not observe any significant differences in terms of T-cell infiltrate
and the intensity of signals and spatial distributions between EAOC subtypes. Neverthe-
less, EAOC showed a high percentage of CD3+ (98%), CD4+ (86.7%), and CD8+ (69.4%)
signals (Table 2), confirming the “inflamed set up” of this malignancy [14]. In favour of this
topic, in a study by Tuan et al. [17] that analyzed the gene expression profiles of 222 CCOC,
the authors showed that the mesenchymal-like subtype was associated with a high en-
richment of TILs, in particular CD4+. Our results agree with those from Howitt et al. [18],
who documented no significant differences in intraepithelial TILs distribution in CCOC
and HGSOC.

On the contrary, in a study by Milne et al. [19], intraepithelial lymphocytes were more
prevalent in the endometrioid histotype in comparison to clear cell histotype. The survival
benefits of TILs in EOC have been noted for a long time. In particular, the presence of
TILs within the tumour microenvironment is considered to be an indication of the host
immune response to tumour antigens [20], with favourable prognostic factors in epithelial
ovarian cancer [21]. For instance, Murakami et al. [22] confirmed the positive effect of TILs
expression in DFS y OS.

In the present study, patients with moderate/intense CD8+ signal showed co- ex-
pression of PD-1+ and TIM3+ at the intraepithelial level (p = 0.009) and significant in-
traepithelial co-expression of CD39+ FOXP3+ (p = 0.015), both correlating with enriched
CD163+ cells. In contrast, TIM3+ and CD163+ showed a tendency towards a positive
correlation in the stromal compartment (p = 0.056). A recent study by Khalique et al. [7]
analyzed the spatial locations of immune subpopulations promoting an immunosuppres-
sive environment and ARID1A mutational status in OCCC. The authors showed that
PD-L1+ FOXP3+ CD4+ (T-regulatory) cells coexisted with CD68+ and PD- L1+ CD68+
tumour-associated macrophages (TAMs) in the stroma of ARID1Amut low-risk patients.
The authors claimed that the ‘tumour-exclusion’ of these cells is important for maintaining
an effective anti-tumour immune response and preventing tumour progression.
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Additionally, Webb et al. [23] showed that CD103+ CD8 TILs expressed PD-1 and
appeared quiescent in the tumour microenvironment. They speculated that, after standard
treatment, CD8+ PD-1+ TILs regain functional anti-tumour activity. HGSOC tumours
harboured a higher mean number of PD-1+ cells compared to endometrioid or clear cell
tumours. In another study, Webb et al. [24] analyzed PD-L1 and other TILs markers in
tissue microarrays containing the main histotypes of epithelial ovarian cancer (i.e., HGSOC,
endometrioid, clear cell, and mucinous ovarian cancer). They found that PD-L1+ was
associated with CD8+ TILs expressing PD-1+, CD103+, and FOXP3+. In particular, HGSOC
patients presented a higher rate of PD-1+CD8+ (57.4%) in comparison to EOC and CCOC
(22.4% and 16.2%, respectively). Surprisingly, in HGSOC, PD-L1+ was associated with a
favourable prognosis. Indeed, PD-L1 can be expressed by tumour cells or macrophages,
leading to reduced T-cell activity. Hamanishi and colleagues [25] showed a correlation
between tumour PD-L1 expression and a lower intraepithelial CD8+ TIL count in HGSOC.
In this way, PD-L1 promotes tumour immune escape and induces the functional impairment
of tumour-specific T-cells. The authors explained this result with the concept of adaptive
resistance, meaning that activated T-cells induced a negative feedback mechanism in the
tumour microenvironment, resulting in an immunological stalemate.

The results of the current study confirmed the presence of a subset of exhausted T-cells
in EAOC which regarding OC had only been described in the high-grade serous subtype,
to the best of our knowledge. This might represent an opportunity to select those patients
which could benefit the most from immunotherapy. Regarding EAOC, this could become
an especially attractive therapeutic opportunity for CCOC, the subtype of OC that is more
resistant to conventional chemotherapy.

In contrast, patients with CCOC had a two-fold higher response rate in the KEYNOTE
100 study which assessed the performance of pembrolizumab (a monoclonal IgG4 antibody
drug against anti–PD-1) in patients with advanced recurrent ovarian cancer [26]. A single
institution retrospective series showed clinical durable response to immune checkpoint
blockers treatment in 25% of patients with CCCO. Notably, respondent patients presented
with high PD-1 TILs infiltrate [27]. In our series, we observed a higher expression of PD-1
in EAOC in comparison to OE. Nero et al. [9] also revealed higher levels of PD-1/PD-L1
expression in EAOC in contrast to OE. The authors hypothesized that decreasing TILs and
increasing PD-1/PD-L1 could be significant steps of the pathological transformation from
endometriosis to EAOC.

Next, we showed the enrichment of exhausted T-cells, with TIM3+ and PD-1+ ex-
pression in the intraepithelial compartment of EAOC with high CD8+ infiltrate (p < 0.05).
This result is in line with those from Sawada et al. [28], who analyzed the expression of
PD-1+ and TIM3+ on CD8+ T-cells in 100 ovarian cancer patients. The authors observed
that a high percentage of PD-1+ TIM3+ in ovarian cancer samples was associated with
poor patient prognosis. In another study by Balança et al. [20], the authors showed that
TIM3 was the last checkpoint to be acquired and was systematically associated with PD-1
expression. The co-expression of PD-1 and TIM3 in T- cells was a surrogate marker of T-cell
tumour-antigen specificity [4].

In EAOC, we also found that intratumoral CD39+ and FOXP3+ were positively corre-
lated in patients with high CD4+ T-cell infiltrate. Accordingly, Balança et al. [29] identified
a population of CD4+ T-cells defined by high PD-1+, CD39+, and FOXP3- in the head and
neck of cervical and OC patients. CD39+ and PD-1+ co-expression in CD4+ T-cells were
surrogate markers of CD4+ T-cells specificity. Other studies have also shown different
FOXP3+ populations, with specific subtypes specialized in type I T-cells responses. Indeed,
CXC3+ Tregs have been found in ovarian cancers, where they are directly correlated with
effector cells and constitute the main Treg population [30].

In endometriosis, many studies report enhanced Tregs resulting in local immune
suppression and induced lesion development and growth [2,31,32]. It has been reported
that the proportion of CD4+CD25highFOXP3+ Treg cells may be significantly increased
in the peritoneal fluid of patients with endometriosis [33]. Several studies have shown a
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strong association between tumour infiltration by FOXP3+ CD4+ TILs and endometrioid
subtype [19,34].

Regarding CD163+ TAMs, we observed a predominant distribution both at the intraep-
ithelial and stromal level of EAOC in our series. Wei et al. [4] observed that TAMs are a key
component of tumour stroma and of neoplasm progression, blocking TILs action. Single cell
studies also reveal the highest degree of CD8+ T-cell exhausted populations and CD163+
macrophages in ovarian cancer with an infiltrated immune phenotype [35], speculating
that suppressive macrophages could contribute to lesion growth and progression to EAOC.
The function of suppressive macrophages contributes to the survival of ectopic endometrial
tissue by inducing immune tolerance and stimulating angiogenesis [2,36].

In our series, we observed a statistically significant association between greater TILs
infiltrate and better OS and DFS in patients with EAOC (p = 0.01). In particular, in the
endometrioid subgroup, TILs infiltrate significantly correlated with DFS (p < 0.005). Similar
results were shown by Gallego et al. [37], who demonstrated that high levels of intraepithe-
lial CD8+ TILs were associated with longer survival in EOC.

Furthermore, intratumoral CD3+ and CD8+ tumour-infiltrating lymphocytes showed
an improved prognosis in the endometrioid subtype. In addition, in a recent article
involving 1078 EOC and 545 CCOC, a significant association was observed for disease-
specific survival in EOC in a univariable analysis [38]. However, the largest series analyzing
the relationship between TILs and survival included HGSOC [39]. These studies evaluated
different types of infiltrating T-cells. In particular, a higher count of CD8+ was associated
with a better prognosis [40]. Treg TILs were associated with either a negative [41] or a
positive impact [42]. Finally, Yildirim et al. [43] showed that CD3+ and CD8+ T lymphocyte
infiltrations were related to advanced stage, high-grade ovarian cancer and poor prognosis.
In our study, we showed TILs moderate/intense signal and longer OS in patients with
complete surgery performance. In this regard, several studies showed that TILs were more
prevalent in optimally debulked patients compared to those with macroscopic residual
disease [6,19,28].

Limitations and Strengths of the Study

The main limitations of this study are its retrospective design and sample size. Given
the lower frequency of EAOC, with respect to HGSOC, the participation of a large number
of centers is required to obtain an adequate number of samples. Nevertheless, we presented
a comprehensive data collection of 43 patients with OE and 54 patients with EAOC and
concomitant endometriosis that represents a strength of our study. The strengths are the
originality in the type of cohort, with samples of endometriosis and EAOC, the homogenous
treatment of these patients, and the clinical, survival, and immunochemistry data. Another
strength of our study is its potential applicability regarding a disease of great prevalence
and social, occupational, and personal repercussions, such as endometriosis.

In this article, the immunologic results of women with OE and EAOC were presented.
The survival value of TILs infiltrated in the endometrioid ovarian cancer subtype represents
an interesting and encouraging result to further investigate the possible use of immunother-
apy in these subtypes of ovarian cancer. However, we believe that the best clinical approach
should consider both the immunologic findings and the genetic characteristics of the pa-
tients. As one of the possible limitations of this work, we did not incorporate genetic
assessments of the included patients, which will be considered in future publications.

5. Conclusions

Ovarian endometriosis and endometriosis-associated ovarian cancer share similar
immunologic profiles. However, a significantly higher rate of moderate/intense TILs
signals were shown in OE.

Exhaustion pathways showed PD1+TIM3+ have a prevalent intraepithelial distribu-
tion in EAOC.
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High Treg levels were expressed in OE, showing the possible role of these regulatory
cells in endometriosis progression to OC. CD163+ macrophages (TAMs) have a key role
and may contribute, in collaboration with Tregs lymphocytes, to endometriosis growth and
the development of EAOC.

Finally, regarding EAOC, TILs infiltrate significantly correlated with DFS.

Author Contributions: Conceptualization, E.S., A.M., J.M.-A. and A.H.; methodology, J.G.-E., A.R.,
A.G. and M.A.Á.; data acquisition and data analyses, A.M.-M., M.C., P.H., E.G.-C., E.M.P.-B., B.A.M.C.,
S.T.-P. and A.L.-C.; writing—original draft preparation, E.S., A.M. and J.M.-A.; writing—review and
editing, A.H., J.M.-A. and A.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the “Instituto de Salud Carlos III-Fondo Europeo de Desar-
rollo Regional” (ISCIII-FEDER, Spain; PI20/01368 and PI22/01872), the “Generalitat Valenciana”
(Spain; GV/2020/200), the “Fundación para la Investigación del Hospital General Universitario
de Valencia” Prize (Spain; FIHGUV 2019). E.G.-C. is supported by a grant from Generalitat Valen-
ciana (Spain; ACIF/2020/216); B.A.M.C. by a grant from SETH (Spain; Prize SETH 2021) and S.T.-P.
by a grant from the “Junta Asociada Provincial de Valencia de la Asociación Española Contra el
Cáncer” (Spain; AECC). J.M.-A. has been supported by a grant from “Generalitat Valenciana” (Spain;
APOSTD/2019/087).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Medical University of Warsaw Bioethics Committee.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available from the authors upon request.

Acknowledgments: The authors acknowledge the Biobank IdiPAZ (PT20/00004) integrated in the
Spanish National Biobanks Network for their collaboration, Sandra Herranz for performing immuno-
chemistry, and Itsaso Losantos for statistical analysis support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Vallvé-Juanico, J.; Houshdaran, S.; Giudice, L.C. The Endometrial Immune Environment of Women with Endometriosis. Hum.

Reprod. Update 2019, 25, 564–591. [CrossRef]
2. Leenen, S.; Hermens, M.; de Vos van Steenwijk, P.J.; Bekkers, R.L.M.; van Esch, E.M.G. Immunologic Factors Involved in the

Malignant Transformation of Endometriosis to Endometriosis-Associated Ovarian Carcinoma. Cancer Immunol. Immunother. 2021,
70, 1821–1829. [CrossRef] [PubMed]

3. Pearce, C.L.; Templeman, C.; Rossing, M.A.; Lee, A.; Near, A.M.; Webb, P.M.; Nagle, C.M.; Doherty, J.A.; Cushing-Haugen,
K.L.; Wicklund, K.G.; et al. Association between Endometriosis and Risk of Histological Subtypes of Ovarian Cancer: A Pooled
Analysis of Case-Control Studies. Lancet Oncol. 2012, 13, 385–394. [CrossRef] [PubMed]

4. Wei, J.-J.J.; William, J.; Bulun, S. Endometriosis and Ovarian Cancer: A Review of Clinical, Pathologic, and Molecular Aspects. Int.
J. Gynecol. Pathol. 2011, 30, 553–568. [CrossRef] [PubMed]

5. Hermens, M.; van Altena, A.M.; van der Aa, M.; Bulten, J.; van Vliet, H.A.A.M.; Siebers, A.G.; Bekkers, R.L.M. Ovarian Cancer
Prognosis in Women with Endometriosis: A Retrospective Nationwide Cohort Study of 32,419 Women. Am. J. Obstet. Gynecol.
2021, 224, 284.e1–284.e10. [CrossRef] [PubMed]

6. Santoiemma, P.P.; Powell, D.J. Tumor Infiltrating Lymphocytes in Ovarian Cancer. Cancer Biol. Ther. 2015, 16, 807–820. [CrossRef]
7. Khalique, S.; Nash, S.; Mansfield, D.; Wampfler, J.; Attygale, A.; Vroobel, K.; Kemp, H.; Buus, R.; Cottom, H.; Roxanis, I.; et al.

Quantitative Assessment and Prognostic Associations of the Immune Landscape in Ovarian Clear Cell Carcinoma. Cancers 2021,
13, 3854. [CrossRef] [PubMed]

8. Edwards, R.P.; Huang, X.; Vlad, A.M. Chronic Inflammation in Endometriosis and Endometriosis-Associated Ovarian Cancer:
New Roles for the “Old” Complement Pathway. Oncoimmunology 2015, 4, e1002732. [CrossRef]

9. Nero, C.; Romito, I.; Spadola, S.; Romito, A.; Turco, L.C.; Cosentino, F.; De Ninno, M.; Catena, U.; De Cicco Nardone, A.;
Moroni, R.; et al. Infiltrating T Lymphocytes and Programmed Cell Death Protein-1/Programmed Death-Ligand 1 Expression in
Endometriosis-Associated Ovarian Cancer. Fertil. Steril. 2021, 117, 160–168. [CrossRef]

10. Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research Electronic Data Capture (REDCap)—A Metadata-
Driven Methodology and Workflow Process for Providing Translational Research Informatics Support. J. Biomed. Inform. 2009, 42,
377–381. [CrossRef]

https://doi.org/10.1093/humupd/dmz018
https://doi.org/10.1007/s00262-020-02831-1
https://www.ncbi.nlm.nih.gov/pubmed/33411080
https://doi.org/10.1016/S1470-2045(11)70404-1
https://www.ncbi.nlm.nih.gov/pubmed/22361336
https://doi.org/10.1097/PGP.0b013e31821f4b85
https://www.ncbi.nlm.nih.gov/pubmed/21979592
https://doi.org/10.1016/j.ajog.2020.08.056
https://www.ncbi.nlm.nih.gov/pubmed/32841629
https://doi.org/10.1080/15384047.2015.1040960
https://doi.org/10.3390/cancers13153854
https://www.ncbi.nlm.nih.gov/pubmed/34359755
https://doi.org/10.1080/2162402X.2014.1002732
https://doi.org/10.1016/j.fertnstert.2021.08.032
https://doi.org/10.1016/j.jbi.2008.08.010


Int. J. Mol. Sci. 2023, 24, 12083 14 of 15

11. Revised American Society for Reproductive Medicine Classification of Endometriosis: 1996. Fertil. Steril. 1997, 67, 817–821.
[CrossRef] [PubMed]

12. Gilly, F.N.; Cotte, E.; Brigand, C.; Monneuse, O.; Beaujard, A.C.; Freyer, G.; Glehen, O. Quantitative Prognostic Indices in
Peritoneal Carcinomatosis. Eur. J. Surg. Oncol. 2006, 32, 597–601. [CrossRef] [PubMed]

13. World Medical Association. World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research Involving
Human Subjects. JAMA 2013, 310, 2191–2194. [CrossRef]

14. Chen, D.S.; Mellman, I. Elements of Cancer Immunity and the Cancer-Immune Set Point. Nature 2017, 541, 321–330. [CrossRef]
15. Scheerer, C.; Bauer, P.; Chiantera, V.; Sehouli, J.; Kaufmann, A.; Mechsner, S. Characterization of Endometriosis-Associated

Immune Cell Infiltrates (EMaICI). Arch. Gynecol. Obstet. 2016, 294, 657–664. [CrossRef]
16. Devlin, M.-J.; Miller, R.; Laforets, F.; Kotantaki, P.; Garsed, D.W.; Kristeleit, R.; Bowtell, D.D.; McDermott, J.; Maniati, E.; Balkwill,

F.R. The Tumor Microenvironment of Clear-Cell Ovarian Cancer. Cancer Immunol. Res. 2022, 10, 1326–1339. [CrossRef] [PubMed]
17. Tan, T.Z.; Ye, J.; Yee, C.V.; Lim, D.; Ngoi, N.Y.L.; Tan, D.S.P.; Huang, R.Y.-J. Analysis of Gene Expression Signatures Identifies

Prognostic and Functionally Distinct Ovarian Clear Cell Carcinoma Subtypes. EBioMedicine 2019, 50, 203–210. [CrossRef]
[PubMed]

18. Howitt, B.E.; Strickland, K.C.; Sholl, L.M.; Rodig, S.; Ritterhouse, L.L.; Chowdhury, D.; D’Andrea, A.D.; Matulonis, U.A.;
Konstantinopoulos, P.A. Clear Cell Ovarian Cancers with Microsatellite Instability: A Unique Subset of Ovarian Cancers with
Increased Tumor-Infiltrating Lymphocytes and PD-1/PD-L1 Expression. Oncoimmunology 2017, 6, e1277308. [CrossRef] [PubMed]

19. Milne, K.; Köbel, M.; Kalloger, S.E.; Barnes, R.O.; Gao, D.; Gilks, C.B.; Watson, P.H.; Nelson, B.H. Systematic Analysis of Immune
Infiltrates in High-Grade Serous Ovarian Cancer Reveals CD20, FoxP3 and TIA-1 as Positive Prognostic Factors. PLoS ONE 2009,
4, e6412. [CrossRef]

20. Sato, E.; Olson, S.H.; Ahn, J.; Bundy, B.; Nishikawa, H.; Qian, F.; Jungbluth, A.A.; Frosina, D.; Gnjatic, S.; Ambrosone, C.; et al.
Intraepithelial CD8+ Tumor-Infiltrating Lymphocytes and a High CD8+/Regulatory T Cell Ratio Are Associated with Favorable
Prognosis in Ovarian Cancer. Proc. Natl. Acad. Sci. USA 2005, 102, 18538–18543. [CrossRef]

21. Hwang, W.-T.; Adams, S.F.; Tahirovic, E.; Hagemann, I.S.; Coukos, G. Prognostic Significance of Tumor-Infiltrating T Cells in
Ovarian Cancer: A Meta-Analysis. Gynecol. Oncol. 2012, 124, 192–198. [CrossRef] [PubMed]

22. Murakami, R.; Matsumura, N.; Brown, J.B.; Wang, Z.; Yamaguchi, K.; Abiko, K.; Yoshioka, Y.; Hamanishi, J.; Baba, T.; Koshiyama,
M.; et al. Prediction of Taxane and Platinum Sensitivity in Ovarian Cancer Based on Gene Expression Profiles. Gynecol. Oncol.
2016, 141, 49–56. [CrossRef] [PubMed]

23. Webb, J.R.; Milne, K.; Nelson, B.H. PD-1 and CD103 Are Widely Coexpressed on Prognostically Favorable Intraepithelial CD8 T
Cells in Human Ovarian Cancer. Cancer Immunol. Res. 2015, 3, 926–935. [CrossRef] [PubMed]

24. Webb, J.R.; Milne, K.; Kroeger, D.R.; Nelson, B.H. PD-L1 Expression Is Associated with Tumor-Infiltrating T Cells and Favorabl
Prognosis in High-Grade Serous Ovarian Cancer. Gynecol. Oncol. 2016, 141, 293–302. [CrossRef]

25. Hamanishi, J.; Mandai, M.; Iwasaki, M.; Okazaki, T.; Tanaka, Y.; Yamaguchi, K.; Higuchi, T.; Yagi, H.; Takakura, K.; Minato, N.;
et al. Programmed Cell Death 1 Ligand 1 and Tumor-Infiltrating CD8+ T Lymphocytes Are Prognostic Factors of Human Ovarian
Cancer. Proc. Natl. Acad. Sci. USA 2007, 104, 3360–3365. [CrossRef]

26. Matulonis, U.A.; Shapira-Frommer, R.; Santin, A.D.; Lisyanskaya, A.S.; Pignata, S.; Vergote, I.; Raspagliesi, F.; Sonke, G.S.; Birrer,
M.; Provencher, D.M.; et al. Antitumor Activity and Safety of Pembrolizumab in Patients with Advanced Recurrent Ovarian
Cancer: Results from the Phase II KEYNOTE-100 Study. Ann. Oncol. 2019, 30, 1080–1087. [CrossRef]

27. Sia, T.Y.; Manning-Geist, B.; Gordhandas, S.; Murali, R.; Marra, A.; Liu, Y.L.; Friedman, C.F.; Hollmann, T.J.; Zivanovic, O.; Chi,
D.S.; et al. Treatment of Ovarian Clear Cell Carcinoma with Immune Checkpoint Blockade: A Case Series. Int. J. Gynecol. Cancer
2022, 32, 1017–1024. [CrossRef]

28. Sawada, M.; Goto, K.; Morimoto-Okazawa, A.; Haruna, M.; Yamamoto, K.; Yamamoto, Y.; Nakagawa, S.; Hiramatsu, K.;
Matsuzaki, S.; Kobayashi, E.; et al. PD-1+Tim3+tumor-Infiltrating CD8 T Cells Sustain the Potential for IFN-Γproduction, but
Lose Cytotoxic Activity in Ovarian Cancer. Int. Immunol. 2020, 32, 397–405. [CrossRef]

29. Balança, C.-C.C.; Salvioni, A.; Scarlata, C.-M.M.; Michelas, M.; Martinez-Gomez, C.; Gomez-Roca, C.; Sarradin, V.; Tosolini, M.;
Valle, C.; Pont, F.; et al. PD-1 Blockade Restores Helper Activity of Tumor-Infiltrating, Exhausted PD-1hiCD39+ CD4 T Cells. JCI
Insight 2021, 6, e142513. [CrossRef]

30. Redjimi, N.; Raffin, C.; Raimbaud, I.; Pignon, P.; Matsuzaki, J.; Odunsi, K.; Valmori, D.; Ayyoub, M. CXCR3+ T Regulatory Cells
Selectively Accumulate in Human Ovarian Carcinomas to Limit Type I Immunity. Cancer Res. 2012, 72, 4351–4360. [CrossRef]

31. Symons, L.K.; Miller, J.E.; Kay, V.R.; Marks, R.M.; Liblik, K.; Koti, M.; Tayade, C. The Immunopathophysiology of Endometriosis.
Trends Mol. Med. 2018, 24, 748–762. [CrossRef]

32. da Gama Coelho Riccio, L.; Santulli, P.; Marcellin, L.; Abrão, M.S.; Batteux, F.; Chapron, C. Immunology of Endometriosis. Best
Pract. Res. Clin. Obstet. Gynaecol. 2018, 50, 39–49. [CrossRef]

33. Olkowska-Truchanowicz, J.; Sztokfisz-Ignasiak, A.; Zwierzchowska, A.; Janiuk, I.; Dąbrowski, F.; Korczak-Kowalska, G.; Barcz, E.;
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