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Abstract

Background: Epithelial ovarian carcinoma (EOC) remains one of the most fatal gynecologic cancers, often
presenting at an advanced stage and prone to frequent recurrence despite aggressive treatment. Identifying reliable
prognostic biomarkers is essential for improving patient stratification and optimizing adjuvant treatment strategies.
This study investigated the expression patterns of programmed death-ligand 1 (PD-L1) and CD44, a recognized
cancer stem cell (CSC) marker, and examined their relationships with clinicopathological features, recurrence
risk, and survival outcomes in EOC. Methods: A retrospective study was performed involving 90 patients with
histologically confirmed EOC managed at National Cancer Institute, Cairo University. Immunohistochemistry
was utilized to assess PD-L1 and CD44 expression in tumor samples. The associations between biomarker
expression, clinical and pathological variables, recurrence-free survival (RFS), and overall survival (OS) were
analyzed using Kaplan—Meier survival curves, multivariate logistic regression, and Cox proportional hazards
models. Results: PD-L1 was expressed in 42.2% of tumors and showed significant associations with advanced
International Federation of Gynecology and Obstetrics (FIGO) stage (p=0.017), higher tumor grade (p=0.004),
presence of distant metastasis (p=0.002), and increased recurrence rates (p<<0.001). CD44 positivity was identified
in 71.1% of cases, predominantly among serous carcinoma subtypes (p=0.010), and was likewise linked to a
higher recurrence risk (p<0.001). Patients with PD-L1-positive tumors exhibited a notably shorter median RFS
compared to PD-L1-negative patients (31.3 vs. 54.7 months, p<0.001), as did CD44-positive individuals relative
to their CD44-negative counterparts (36.3 vs. 56.7 months, p<0.001). Neither biomarker, however, demonstrated a
statistically significant effect on OS during a median follow-up of approximately five years. Notably, patients with
concurrent PD-L1 and CD44 expression experienced the poorest RFS outcomes (mean 30.9 months), while those
negative for both markers showed the most favorable prognosis (mean 56.6 months, p<0.001). Multivariate analysis
confirmed PD-L1 (OR 4.86, p=0.003) and CD44 (OR 9.61, p=0.006) as independent predictors of recurrence.
Conclusions: The expression of PD-L1 and CD44 in EOC is independently associated with an elevated risk of
disease recurrence, and their co-expression identifies a particularly high-risk patient subset. Although neither
marker significantly influenced overall survival within the study’s follow-up period, their combined assessment
holds promise for enhancing prognostic models and guiding the selection of patients for intensified monitoring
and clinical trials exploring immune checkpoint blockade and CSC-targeted therapies.
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Introduction

Ovarian cancer is the most fatal gynecologic  rate after diagnosis is around 45%, with late-stage
malignancy and a major cause of cancer-related death  diagnosis dramatically decreasing the chances of survival.
in women [1, 2]. It is primarily detected in older  One of the primary causes for delayed diagnosis is the
women and has the highest fatality rate of all female  lack of early-stage symptoms, emphasizing the crucial
reproductive malignancies. The total five-year survival  need to understand the disease’s underlying mechanisms.
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Cyreductive surgery combined with platinum-based
chemotherapy is the standard treatment for all stages [3, 4].
However, recurrent problems, such as cumulative toxicity,
medication resistance, and recurrence after initial therapy,
limit long-term success, emphasizing the critical need for
novel therapeutic options.

Recent research reveals that tumor cells evade immune
surveillance through a variety of methods, including the
overexpression of immunological checkpoint molecules
like programmed death-ligand 1 (PD-L1), which
suppresses antitumor immunity. PD-L1 interacts with its
receptor PD-1 on immune cells, causing T-cell fatigue and
death in the tumor microenvironment (TME) and thereby
enabling immunosuppression [5]. Myeloid cells are
identified as essential mediators in this process. Although
anti-PD-1/PD-L1 antibodies have been demonstrated to
reactivate antitumor responses in various cancers, the
immunological role, molecular regulation, and interactions
between tumor and immune cells involving PD-L1 in
ovarian cancer are poorly understood [6].

Clinical trials of PD-1/PD-L1 inhibitors in ovarian
cancer have yielded modest response rates of 19% to
25% [7, 8]. Although there are transitory decreases in
tumor burden, recurrence is common, and the underlying
causes are not well understood. One possibility is that
cancer stem cells (CSCs) have higher amounts of PD-
L1. Studies in colon and breast cancers have shown that
PD-L1 is preferentially expressed in CSCs rather than
non-stem cancer cells, implying a relationship between
CSC-associated PD-L1 and treatment resistance or relapse
[9, 10].

Cancer stem cells have an important role in tumor
genesis, metastasis, and heterogeneity because they are
resistant to standard therapies, which may contribute to
recurrence after therapy [11, 12]. Therefore, targeting
CSCs is critical for attaining long-term remission.
Dendritic cell vaccines, oncolytic viruses, adoptive
T-cell transfer, and checkpoint inhibitors are emerging
immunotherapeutic methods for the eradication of CSCs
in a variety of malignancies [13]. CD44-expressing
CSCs in high-grade serous ovarian cancer (HGSOC) are
associated with chemoresistance and a poor prognosis
[14, 15]. Similarly, higher CD44 expression in CSCs
is associated with poor clinical outcomes in colorectal,
breast, and ovarian malignancies [16].

Despite these developments, the mechanisms that
govern CSC activation and their precise prognostic
importance in ovarian cancer remain unknown [17].

The objective of this study was to evaluate the
prognostic significance of programmed death-ligand
1 (PD-L1) and CD44 expression in epithelial ovarian
carcinoma (EOC), with particular emphasis on their
association with clinicopathological characteristics, risk of
disease recurrence, and patient survival outcomes. Given
accumulating evidence implicating PD-L1 in facilitating
immune evasion and highlighting the role of cancer stem
cells (CSCs), marked by CD44 expression, in promoting
treatment resistance and disease progression, we sought to
investigate the patterns of their co-expression within the
tumor microenvironment. Furthermore, this study aimed
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to assess whether the combined expression of PD-L1
and CD44 could serve as a predictive biomarker panel
for improved recurrence risk stratification and inform
the development of personalized adjuvant therapeutic
strategies in the management of ovarian cancer.

Materials and Methods

Patient Cohort and Sample Collection

The National Cancer Institute at Cairo University
approved this retrospective investigation, which involved
90 female patients who underwent surgery and were
diagnosed with ovarian cancer between 2018 and 2020.
Cases without paraffin blocks or enough clinical data
were excluded. Three expert pathologists examined
Hematoxylin and Eosin (H&E)-stained slides to
confirm tumor histological subtypes using the World
Health Organization (WHO) classification. Cancer
staging was calculated by combining the Tumor-Node-
Metastasis (TNM) approach with the International
Federation of Gynecology and Obstetrics (FIGO)
criteria. Formalin-fixed, paraffin-embedded tissue blocks
(FFPEs) for representative tumor tissues were chosen for
immunohistochemical staining. Patient medical records
and the institutional cancer registry provided relevant
demographic and clinical data.

Immunohistochemistry (IHC) Procedures

For immunohistochemistry, 4-pm slices were cut from
FFPE tissue blocks. Tissue sections were deparaffinized
in xylene, rehydrated through graded ethanol solutions,
and subjected to antigen retrieval in a high-pH solution
(pH 9) using the PT LINK pre-treatment system (Agilent
Technologies, Santa Clara, CA, USA; model PT100).
Automated staining was performed using the VENTANA
BenchMark ULTRA system (Roche Diagnostics, Basel,
Switzerland; model 06522413001). The following primary
antibodies were used:

e PD-L1 (clone SP142, rabbit monoclonal; Roche
Diagnostics, catalog # 760-4906; ready-to-use), applied
according to the manufacturer’s protocol.

e CD44 (clone SP37, rabbit monoclonal; Roche
Diagnostics, catalog # 790-4436; ready-to-use).

Following peroxidase blocking and application of
Protein Block, sections were incubated with primary
antibodies. Each staining session included positive
controls (tonsil tissue for CD44; placenta for PD-L1) and
negative controls (omission of primary antibody) to ensure
specificity and consistency.

Immunostaining Assessment

All slides were investigated at high magnification
(400x). PD-L1 positivity was defined as membranous
staining in >1% of tumor cells, while expression below
this level was considered negative. CD44 expression was
considered positive if at least 10% of tumor cells were
stained in three randomly selected fields [18].

Statistical Analysis
The data were analyzed with SPSS version 27.0.
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Patient and tumour characteristics were summarized
using descriptive statistics (means and percentages).
Associations between clinicopathological factors were
assessed using Pearson’s Chi-squared test or Fisher’s
exact test, if appropriate. Kaplan-Meier curves were
used to examine overall survival (OS) and disease-free
survival (DFS), which were stratified by histological
subtype, PD-L1 expression, and CD44 expression. Cox
proportional hazards models were used to examine
the relationship between PD-L1 expression, CD44
expression, and overall mortality, after accounting for
important tumor parameters and patient age.

Results

1. Demographic and Clinicopathological Characteristics

This study included 90 patients diagnosed with
epithelial ovarian carcinoma. The median age at
presentation was 53 years (interquartile range: 46—60
years). Bilateral ovarian involvement was observed in
66.7% of cases, while unilateral tumors affected the
right ovary in 15.6% and the left in 17.8%. Surgical
management primarily involved total abdominal
hysterectomy with bilateral salpingo-oophorectomy
(86.7%), whereas unilateral oophorectomy was performed
in 13.3% of patients.

Histologically, serous carcinoma constituted the
majority (70.0%), followed by mucinous (13.3%),
endometrioid (10.0%), and clear cell carcinomas (6.7%).
According to the FIGO staging system, most tumors
were classified as stage I (36.7%) or stage III (42.2%),
with fewer cases at stage II (12.2%) or stage IV (8.9%).
High-grade tumors accounted for 64.4% of the cohort.
Lymph node metastases were detected in 51.1% of
patients, and lymphovascular space invasion was present
in 63.3%. Only a minority (7.8%) exhibited distant
metastatic spread at diagnosis, with the majority (92.2%)
presenting with localized disease.

Table 1 outlines the clinicopathological features
of the 90 epithelial ovarian carcinoma cases analyzed
in this study, encompassing patient age, histological
classification, tumor grade, FIGO staging, and recurrence
status.

Figure 1. Immunohistochemical Analysis of PD-L1
and CD44 in Ovarian Serous Adenocarcinoma. (A)
Neoplastic cells demonstrate marked membranous and
cytoplasmic positivity for PD-L1, visualized using
DAB chromogen at an original magnification of x400.
(B) The corresponding section highlights diffuse and
pronounced membranous expression of CD44 within
tumor cells (DAB chromogen; x400).
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Figure 2. Immunohistochemical Assessment of PD-L1
and CD44 in Ovarian Endometrioid Adenocarcinoma.
(A) Tumor cells display moderate membranous
staining for PD-L1, detected by DAB chromogen at
x400 magnification. (B) In the paired section, strong
membranous immunoexpression of CD44 is evident in
malignant cells (DAB chromogen; x400).
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Figure 3. Immunohistochemical Characterization of
PD-L1 and CD44 in Ovarian Clear Cell Adenocarcinoma.
(A) Neoplastic cells reveal moderate membranous
and cytoplasmic PD-L1 immunoreactivity, visualized
with DAB chromogen at x400 magnification. (B) The
corresponding section demonstrates moderate to strong
membranous staining of CD44 in tumor cells (DAB
chromogen; x400).

2. Immunohistochemical Expression Patterns and
Correlations

PD-L1 Expression

PD-L1 immunopositivity was detected in 38 out of 90
cases (42.2%), while the remaining 52 tumors (57.8%) were
negative. PD-L1 positivity showed statistically significant
associations with several adverse clinicopathological
features. These included advanced FIGO stage (p=0.017),
higher tumor grade (p = 0.004), increased recurrence
frequency (76.3% vs. 25.0%, p< 0.001), presence of
distant metastases (18.4% vs. 0.0%, p = 0.002), and
CD44 co-expression (97.4% vs. 51.9%, p< 0.001). In
contrast, PD-L1 status did not significantly differ in
relation to patient age, CA125 levels, tumor laterality,
surgical modality, histologic subtype, lymphovascular
invasion, lymph node involvement, residual disease status,
administration of chemotherapy, or overall survival.

CD44 Expression

CD44 expression was observed in 64 of 90 cases
(71.1%). Compared to CD44-negative tumors, CD44-
positive carcinomas were significantly associated with
serous histologic subtype (75.0% vs. 57.7%, p = 0.010)
and increased recurrence rates (62.5% vs. 7.7%, p<0.001).
Moreover, CD44-positive patients had a markedly shorter
recurrence-free survival (median RFS: 25.5 vs. 39.0
months, p=0.037). No statistically significant differences
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Table 1. Distribution of Clinicopathological Features and Biomarker Expression Patterns in Epithelial Ovarian

Carcinoma Patients (n=90)
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Count %
Tumor Laterality Right ovary 14 15.60
Left ovary 16 17.80
Bilateral ovaries 60 66.70
Operation PH 78 86.70
Ovariectomy 12 13.30
FIGO staging I 33 36.70
I 11 12.20
I 38 42.20
v 8 8.90
FIGO sub classification of the stage 1A 14 15.60
1B 7 7.80
IC 12 13.30
A 2.20
1B 10.00
A 8.90
1B 3 3.30
Ic 27 30.00
v 8 8.90
Grade Low 32 35.60
High 58 64.40
Histological type Serous 63 70.00
Mucinous 12 13.30
Clear 6.70
Endometrioid 10.00
PDL1 expression Positive 38 42.20
Negative 52 57.80
CD44 expression Positive 64 71.10
Negative 26 28.90
Lymphovascular emboli Present 57 63.30
Absent 33 36.70
Lymph node status Positive for tumor deposits 46 51.10
Negative for tumor deposits 44 48.90
Necrosis Present 54 60.00
not present 36 40.00
Metastasis Present 7 7.80
Absent 83 92.20
Site of Metastasis Brain 38.50
Liver 15.40
Pleura 15.40
Lung 30.80
Chemotherapy Yes 68 75.60
No 22 24.40
Residual disease Macroscopic residual (R2) 3 3.30
Microscopic residual (R1) 6 6.70
No residual (R0) 81 90.00
Recurrence Yes 42 46.70
No 48 53.30
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Table 1. Continued.
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Count %
Status at the end of the study Alive 64 71.10
Dead 26 28.90
Progression Yes 6 66.70
No 3 33.30
Groups CD44 or PDL1 positive 28 31.10
double positive 37 41.10
double negative 25 27.80
Group CD44 positive 27 30.00
PDLI1 positive 1 1.10
double positive 37 41.10
double negative 25 27.80

Abbreviations, PH: Primary hysterectomy; FIGO: International Federation of Gynecology and Obstetrics; PD-L1: Programmed death-ligand 1;
RO: No macroscopic residual disease; R1: Microscopic residual disease; R2: Macroscopic residual disease.

were observed with respect to overall survival, CA125
levels, tumor grade or stage, lymph node status, or receipt
of chemotherapy.

Figures 1-3 depict the immunohistochemical profiles
of PD-L1 and CD44 expression within the principal
histological variants of epithelial ovarian carcinoma,
demonstrating notable differences in staining intensity
and localization among serous, endometrioid, and clear
cell subtypes. Table 2 illustrates the immunohistochemical
expression patterns of PD-L1 and CD44 across the
tumor samples, categorized by histological subtype, and
delineates the distribution of marker positivity within the
study population.

3. Multivariate Predictors of Recurrence

Logistic regression analysis revealed that both PD-L1
and CD44 expressions were independent predictors of
disease recurrence. PD-L1-positive tumors had an odds
ratio (OR) of 4.86 for recurrence (95% confidence interval
[CI]: 1.68-14.01, p=10.003), while CD44-positive tumors
conferred an even higher risk with an OR of 9.61 (95%
CI: 1.92-47.98, p = 0.000).

4. Survival Analyses

Recurrence-Free Survival (RFS)

Kaplan—Meier analysis demonstrated that PD-L1 and
CD44 expression were both significantly associated with
shorter RFS:

* PD-L1-positive patients had a mean RFS of 31.3
months (95% CI: 24.6-38.0), significantly lower than PD-
L1-negative patients at 54.7 months (95% CI: 48.0-61.4)
(p<0.001).

» CD44-positive patients exhibited a mean RFS of
36.3 months (95% CI: 30.2-42.3), compared to 56.7
months (95% CI: 52.2-61.2) in CD44-negative individuals
(p<0.001).

When stratified by combined expression, patients
co-expressing both PD-L1 and CD44 had the poorest RFS
(mean: 30.9 months), whereas those lacking both markers
had the most favorable prognosis (mean: 56.6 months).
The difference among the four combined expression

groups was statistically significant (p< 0.001).

Overall Survival (OS)

In contrast to RFS, overall survival did not differ
significantly between biomarker expression groups:

* PD-L1-positive vs. negative: 50.4 vs. 58.0 months

(p=0.117)
* CD44-positive vs. negative: 54.4 vs. 49.9 months
(p=0.889)

These findings suggest that while PD-L1 and CD44
expression are robust indicators of recurrence risk, they
may have limited utility in predicting overall survival
within the current follow-up period.

5. Progression-Free Survival (PFS)

Although not reaching statistical significance, mean
PFS was numerically shorter in PD-L1-positive and
CD44-positive groups:

* PD-L1-positive: 19.8 months (95% CI: 8.9-30.7)

e PD-L1-negative: 25.5 months (95% CI: 9.3-41.7),
p=0.719

* CD44-positive: 21.4 months (95% CI: 11.1-31.8)

e CD44-negative: 13.5 months (95% CI: 7.3-19.7),
p=10.968

Despite numerical trends, none of these comparisons
reached statistical significance by log-rank testing.

Table 1 presents the frequencies and percentages
of major clinicopathological variables and biomarker
expression profiles in a cohort of 90 patients diagnosed with
epithelial ovarian carcinoma. Parameters detailed include
tumor laterality, type of surgical procedure performed,
FIGO stage with sub-classifications, tumor grade,
histological subtype, immunohistochemical expression
of PD-L1 and CD44, presence of lymphovascular
invasion, lymph node metastases, tumor necrosis, and
distant metastatic sites. Additional data on chemotherapy
administration, residual disease status following surgery,
recurrence rates, survival status at the conclusion of
follow-up, disease progression, and combined biomarker
expression categories are also provided. All percentages
reflect proportions relative to the total study population
(n=90).
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Table 2. Distribution of Clinicopathological Features According to PD-L1 Expression Status in Epithelial Ovarian
Carcinoma (n=90)

Variable PDLI Positive (n=38) PDLI1 Negative (n=52) P value
Tumor Laterality 0.093
Right ovary 9(23.7) 5(9.6)
Left ovary 4 (10.5) 12 (23.1)
Bilateral ovaries 25 (65.8) 35(67.3)
Operation 0.066
Pan Hysterectomy 30 (78.9) 48 (92.3)
Ovariectomy 8(21.1) 4(7.7)
FIGO Stage 0.017
I 8(21.1) 25 (48.1)
I 8(21.1) 3(5.8)
11 17 (44.7) 21 (40.4)
v 5(13.2) 3(5.8)
FIGO Subclassification 0.009
1A 3(7.9) 11(21.2)
1B 0(0.0) 7(13.5)
IC 5(13.2) 7(13.5)
1A 1(2.6) 1(1.9)
1B 7(18.4) 2(3.8)
MIA 1(2.6) 7(13.5)
11IB 2(5.3) 1(1.9)
i 14 (36.8) 13 (25.0)
v 5(13.2) 3(5.8)
Grade 0.004
Low 7(18.4) 25 (48.1)
High 31 (81.6) 27(51.9)
Histological Type 0.173
Serous 28 (73.7) 35(67.3)
Mucinous 3(7.9) 9(17.3)
Clear 1(2.6) 5(9.6)
Endometrioid 6 (15.8) 3(5.8)
CD44 Expression 37 (97.4) 27(51.9) <0.001
Lymphovascular Emboli 27 (71.1) 30 (57.7) 0.194
Positive Lymph Node 22 (57.9) 24 (46.2) 0.271
Necrosis 25 (65.8) 29 (55.8) 0.338
Metastasis 7(18.4) 0(0.0) 0.002
Site of Metastasist 1
Brain 4(44.4) 1(25.0)
Liver 1(11.1) 1(25.0)
Pleura 1(11.1) 1(25.0)
Lung 3(33.3) 1(25.0)
Chemotherapy 31 (81.6) 37(71.2) 0.256
Residual Disease 0.643
Macroscopic residual 2(5.3) 1(1.9)
Microscopic residual 3(7.9) 3(5.8)
No residual 33 (86.8) 48(92.3)
Recurrence 29 (76.3) 13 (25.0) <0.001
Status at End of Study 0.058
Alive 23 (60.5) 41 (78.8)
Dead 15(39.5) 11 (21.2)
Progression 4 (80.0) 2 (50.0) 0.524

FIGO, International Federation of Gynecology and Obstetrics; PDLI, Programmed Death-Ligand 1. Notes, T Metastatic site percentages are
calculated relative to the total number of patients presenting with metastasis. I Progression percentages are based on the number of patients who
experienced disease progression.
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Table 3. Distribution of Clinicopathological Features According to CD44 Expression in Epithelial Ovarian Carcinoma
(n=90)

Variable CD44 Positive (n=64) CD44 Negative (n=26) P value
count (%) count (%)
Tumor Laterality 0.693
Right ovary 10 (15.6) 4(15.4)
Left ovary 10 (15.6) 6(23.1)
Bilateral ovaries 44 (68.8) 16 (61.5)
Operation 0.497
Pan Hysterectomy 54 (84.4) 24 (92.3)
Ovariectomy 10 (15.6) 2(7.7)
FIGO Stage 0.401
1 21(32.8) 12 (46.2)
11 10 (15.6) 1(3.8)
11 27 (42.2) 11 (42.3)
v 6(9.4) 2(7.7)
FIGO Subclassification 0.835
1A 8 (12.5) 6(23.1)
1B 5(7.8) 2(7.7)
IC 8 (12.5) 4(15.4)
IV 2(3.1) 0(0.0)
1B 8 (12.5) 1(3.8)
A 5(7.8) 3(11.5)
1B 3(4.7) 0(0.0)
1Ic 19 (29.7) 8(30.8)
v 6(9.4) 2(7.7)
Grade 0.714
Low 22 (34.4) 10 (38.5)
High 42 (65.6) 16 (61.5)
Histological Type 0.01
Serous 48 (75.0) 15(57.7)
Mucinous 7 (10.9) 5(19.2)
Clear 1(1.6) 5(19.2)
Endometrioid 8 (12.5) 1(3.8)
Lymphovascular Emboli 42 (65.6) 15(57.7) 0.479
Positive Lymph Node 33 (51.6) 13 (50.0) 0.893
Necrosis 38(59.4) 16 (61.5) 0.849
Metastasis 7(10.9) 0(0.0) 0.103
Site of Metastasis 0.359
Brain 5(45.5) 0(0.0)
Liver 1(9.1) 1(50.0)
Pleura 2(18.2) 0(0.0)
Lung 3(27.3) 1(50.0)
Chemotherapy 50 (78.1) 18 (69.2) 0.374
Residual Disease 0.709
Macroscopic residual 3(4.7) 0(0.0)
Microscopic residual 4(6.3) 2(7.7)
No residual 57 (89.1) 24(92.3)
Recurrence 40 (62.5) 2(7.7) <0.001
Status at End of Study 0.793
Alive 45 (70.3) 19 (73.1)
Dead 19 (29.7) 7(26.9)
Progression 5(71.4) 1 (50.0) 1

Abbreviations, FIGO: International Federation of Gynecology and Obstetrics; CD44: Cluster of Differentiation 44. Note: Percentages for metastatic
sites are calculated relative to the number of patients within each subgroup presenting with metastases.
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Table 2 provides an overview of the distribution of
various clinicopathological characteristics and treatment
outcomes stratified by PD-L1 expression in epithelial
ovarian carcinoma cases. Parameters analyzed include
tumor laterality, type of surgical procedure, FIGO stage
and its subcategories, tumor grade, histopathological type,
CD44 expression status, presence of lymphovascular
invasion, lymph node involvement, tumor necrosis, distant
metastasis (with detailed metastatic sites), chemotherapy
administration, residual disease following surgery,
recurrence rates, survival status at the end of follow-up,
and disease progression. The p-values indicate the
statistical significance of observed differences between
PD-L1 positive and negative groups.

Table 3 presents a comparative overview of
clinicopathological characteristics and treatment-related
outcomes in patients with epithelial ovarian carcinoma,
classified based on CD44 immunohistochemical
expression status. The analyzed parameters include
tumor laterality, type of surgical intervention, FIGO
staging with sub-classification, tumor grade, histological
subtype, presence of lymphovascular invasion, lymph
node metastasis, necrosis within the tumor, occurrence
and anatomical sites of distant metastases, administration
of chemotherapy, extent of residual disease following
surgery, disease recurrence, survival status at the end of
the study period, and documented disease progression.
Data are expressed as absolute numbers and percentages
within the CD44-positive and CD44-negative groups.
P-values are provided to reflect the statistical significance
of differences observed between the two groups.

Discussion

This investigation assessed the expression patterns
of PD-L1 and CD44 in a cohort of 90 patients
diagnosed with epithelial ovarian carcinoma (EOC),
revealing their significant associations with unfavorable
clinicopathological parameters and increased recurrence
risk, although neither was predictive of overall survival
(OS) within the study’s follow-up period. The median
age and distribution of histological subtypes in this
population were consistent with global epidemiological
trends, where serous carcinoma is predominant and most
commonly diagnosed in women in their fifth to sixth
decades of life. Notably, over half of the cases presented
at advanced FIGO stages (III-1V), and a substantial
proportion demonstrated lymphovascular invasion. These
findings reflect the biologically aggressive nature of serous
EOC and highlight the urgent need for reliable prognostic
biomarkers in this malignancy [14, 18, 19]

Approximately 42% of tumors in this cohort
expressed PD-L1, with a strong correlation observed
between its positivity and more advanced FIGO stage,
higher tumor grade, presence of distant metastases,
and increased frequency of disease recurrence. These
observations support the established role of PD-L1 in
mediating immune evasion in ovarian cancer, where its
expression on tumor or infiltrating immune cells may
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suppress T-cell-mediated antitumor responses, enabling
tumor progression. Although prior studies have produced
mixed results regarding the relationship between PD-L1
expression and overall survival particularly in serous
carcinoma subgroups where PD-L1 levels may parallel
tumor-infiltrating lymphocyte (TIL) densities without
necessarily predicting survival outcomes our findings
reinforce its utility in identifying patients at heightened
risk for early relapse rather than long-term mortality
[18, 20, 21].

CD44 was expressed in 71% of the tumors examined
and showed significant associations with serous histology
and elevated recurrence rates. As a receptor for hyaluronan
and a widely recognized marker of cancer stem cells
(CSCs) in ovarian cancer, CD44 facilitates tumor
initiation, chemoresistance, and metastasis. The notably
shorter median recurrence-free survival (RFS) observed
in CD44-positive patients in this study mirrors previous
reports linking CD44 overexpression to poorer disease-
free and progression-free survival outcomes in advanced
EOC. These findings underscore the critical role of CSC
populations in driving recurrence, even following optimal
cytoreductive surgery and platinum-based chemotherapy
[22-24].

Crucially, the co-expression of PD-L1 and CD44
identified a subset of patients with markedly poorer RFS
compared to those lacking both markers. Multivariate
logistic regression analysis confirmed both PD-L1 and
CD44 positivity as independent predictors of recurrence,
with particularly high odds ratios. These results suggest
a synergistic effect between tumor immune evasion and
CSC-associated aggressiveness in promoting relapse.
Consequently, evaluating both biomarkers together could
refine risk stratification models, aiding in the selection of
high-risk patients for intensified surveillance protocols or
enrollment in trials exploring novel combination therapies.

Although both PD-L1 and CD44 demonstrated strong
predictive value for RFS, neither marker significantly
influenced OS within the median follow-up period of
approximately five years. This lack of survival difference
may reflect the impact of effective salvage therapies, such
as secondary cytoreductive surgery, PARP inhibitors, and
immune checkpoint inhibitors, which have improved
post-recurrence outcomes in EOC. Additionally, the
limited number of survival events and variability in
post-relapse treatment approaches may have obscured
OS differences. Nonetheless, the consistent association
between these biomarkers and early relapse highlights
their potential utility in guiding adjuvant treatment
decisions for example, identifying candidates for trials
combining immunotherapies with agents targeting CSC
pathways [25, 26].

In conclusion, this study demonstrates that PD-L1 and
CD44 are robust, independent indicators of recurrence risk
in epithelial ovarian carcinoma, with combined expression
identifying a subgroup of patients at particularly high
risk for disease relapse. While neither marker predicted
overall survival within the study period, their combined
assessment holds promise for improving risk stratification
and guiding tailored adjuvant treatment approaches,
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potentially incorporating combined immunotherapeutic
and CSC-targeted strategies to improve long-term
outcomes in this challenging malignancy.
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