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Abstract—Breast cancer (BC) exhibits considerable molecular 
and clinical heterogeneity, complicating prognostic evaluation. The 
cluster of differentiation 44 standard (CD44s) isoform has been 
proposed as a prognostic marker in various cancers; however, its 
role in BC remains unclear. This study evaluated CD44s expression 
in BC tissues and its association with clinicopathological features 
and survival outcomes using an artificial intelligence (AI)-based 
digital pathology scoring method. A retrospective analysis of 
98 BC tissue samples is conducted, with CD44s cell membrane 
protein expression assessed through both manual and AI-
based immunohistochemical (IHC) scoring. Statistical analyses 
included Pearson’s chi-square test, Kaplan-Meier (log-rank), 
and Cox regression. CD44s expression was observed in 65.31% 
of patients. No significant associations are found between CD44s 
expression and clinicopathological characteristics, including 
age, tumor size, lymph node metastasis, histological grade, 
lymphovascular invasion (LVI), or hormone receptor status (all 
p > 0.05). Survival analysis reveals no significant association 
between CD44s expression and overall survival (OS, p = 0.1345) 
or progression-free survival (p = 0.0669). While CD44s expression 
is prevalent in BC samples, it is not an independent prognostic 
factor; LVI is the only significant predictor of OS (p = 0.036). 
Finally, the moderate agreement between AI and manual scoring 
(Cohen’s Kappa = 0.4337, p < 0.0001) supports the potential of 
AI-assisted methods for biomarker quantification, warranting 
further validation in larger cohorts.

Index Terms—Artificial intelligence, Breast cancer stem cells, 
Breast cancer, CD44s, Immunohistochemistry, QuantCenter.

I. Introduction
Breast cancer (BC) is the primary cause of mortality among 
females. Global figures indicate that around 9.7 million new 
cancer cases were diagnosed in females in 2022, with BC 
comprising 23.8% of all cases, far surpassing lung cancer 
at 9.4% (Bray, et al., 2024). In Iraq, BC exhibits a 23.1% 
incidence rate, and a 15.7% mortality rate compared to 
other malignancies, making it the country with the highest 
prevalence and fatality rates for BC in the Middle East (Zahwe, 
et al., 2025). The occurrence of BC and the potential for later 
recurrence or metastasis are caused by several risk factors. 
These include age, genetic profile, reproductive characteristics, 
obesity, alcohol consumption, smoking, and general lifestyle 
choices. In addition, intrinsic molecular subtypes of BC, based 
on tumor gene expression and phenotypes, are also considered 
risk factors in the disease etiology (Barnard, Boeke and 
Tamimi, 2015; Winters, et al., 2017; Lee, et al., 2019). BC is 
a heterogeneous disease with variability in both clinical and 
molecular characteristics, which results in differing responses 
to treatments (Turner, et al., 2021).

Cancer stem cells (CSCs) represent a small subset 
of cancer cells that exhibit self-renewal, differentiation, 
and tumorigenic capabilities. They also have the ability 
to undergo epithelial-to-mesenchymal transition, which 
substantially contributes to tumor heterogeneity, leading 
to therapeutic resistance and an increased chance of local 
recurrences and metastasis (Walcher, et al., 2020; Wilson, 
et al., 2020). The cluster of differentiation 44 (CD44) is a 
transmembrane glycoprotein expressed on several human 
cell types, including embryonic stem cells, immune cells, 
and connective tissues (Goodison, Urquidi and Tarin, 1999). 
CD44 is recognized as a molecular marker of CSCs (Al-
Hajj, et al., 2003; Schmitt, et al., 2012). This gene regularly 
undergoes alternative splicing, which results in the standard 
(CD44s) and variable (CD44v) isoforms (Wilson, et al., 
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2020). CD44 interaction with extracellular ligand activates 
various signaling pathways leading to cell proliferation, 
survival, adhesion, invasion, and migration (Herrera-Gayol 
and Jothy, 1999; Senbanjo and Chellaiah, 2017).

In BC, CD44 plays an essential role in tumor 
aggressiveness, progression, and the induction of CSC traits 
(Lopez, et al., 2005; Vadhan, et al., 2022; Gu, et al., 2022; 
Zhang, et al., 2019). Despite the recent advancements in 
BC therapy, certain patients experience disease recurrence. 
This may be attributed to the existence of BC stem cells 
(BCSCs) that withstand chemotherapy and radiotherapy 
(Steinbichler, et al., 2018; Clark, et al., 2022). Nevertheless, 
conflicting results concerning stemness and carcinogenesis 
were observed based on various splice variants of CD44 
(Cho, et al., 2015; Zhang, et al., 2019). A study reported 
that the lack of CD44s correlates with a high incidence of 
lymph node metastases and poorer prognoses in BC patients 
(Gong, et al., 2005). In the triple-negative BC (TNBC) 
molecular subtype, CD44 was found to be related to the 
aggressiveness and resistance to the targeted therapy when 
transformed from the standard isoform into the variant 
isoform (Bei, et al., 2020). The mechanisms through which 
CD44s influence BC remain ambiguous. Precise histological 
diagnosis, molecular subtyping, and further classification 
are essential to better understand the causes of mortality 
and morbidity associated with this disease. In recent years, 
the application of artificial intelligence (AI) has attracted 
increasing interest in BC diagnostics, particularly in the 
evaluation of immunohistochemistry (IHC) and molecular 
markers. Conventional IHC assessments depend heavily 
on manual evaluation by pathologists, a process that is 
inherently subjective and prone to inter- and intra-observer 
variability. AI-driven approaches provide a more objective, 
consistent, and high-throughput alternative for interpreting 
IHC results (Rakha, Vougas and Tan, 2022; Pati, et al., 
2024). These systems have shown promise in analyzing key 
biomarkers such as estrogen receptor (ER), progesterone 
receptor (PR), human epidermal growth factor receptor 2 
(HER2), and the Ki-67 index, as well as BCSC markers, 
such as CD44, thereby enhancing diagnostic accuracy 
and assisting clinicians in selecting the most appropriate 
treatment in a timely manner (Wu, et al., 2023; McCaffrey, 
et al., 2024; Xiong, et al., 2025). Therefore, this study was 
designed to apply AI-based digital pathology (DP) to evaluate 
CD44s IHC expression in BC patients, aiming to assess 
its correlation with clinicopathological features, molecular 
subtypes, and survival, as well as to examine its prognostic 
and predictive value.

II. Materials and Methods
A. Sample Collection
The present retrospective study was approved by the 

Directorate of Health Research Ethics Committee through 
the College of Science-Biology Department, University of 
Duhok (Number: 21082022-6-5). A total of 105 formalin-
fixed paraffin-embedded (FFPE) BC tissue blocks of 

patients who underwent surgery (from 2013 to 2019) were 
collected from the Histopathology Departments of both the 
Central Laboratory and Vajeen Private Laboratory in Duhok 
Province. Medical records and histopathological data were 
retrieved from both laboratories’ databases and the medical 
oncology department at Azadi Cancer Center/Duhok/Iraq. All 
patients received routine chemotherapy, radiotherapy, and/or 
hormonal therapy following surgery according to the stage of 
the disease. The retrieved clinicopathological data were the 
age at diagnosis, pathological diagnosis of BC, histological 
grade, tumor size, axillary lymph node metastasis status, 
tumor stage, distance metastasis, and hormonal status such as 
ER and PR, HER2 expression, and the proliferative marker 
(Ki-67).

The classification of BC molecular subtypes was conducted 
according to the IHC profile, based on ER, PR, HER2, and 
the Ki-67 index, using a 20% cutoff to distinguish between 
high and low expression levels (Dai, et al., 2015; Bustreo, 
et al., 2016). In this study, the defined molecular subtypes of 
BC were as follows: luminal A (ER+, PR+, HER2-, Ki-67 
<20%), luminal B HER2-negative (ER+, PR+, HER2-, Ki-67 
≥20%), luminal B HER2-positive (ER+, PR+, HER2+, any 
Ki-67), HER2-enriched (ER-, PR-, HER2+, Ki-67 ≥20%), 
and TNBC (ER-, PR-, HER2, Ki-67 ≥20%) (Vallejos, et al., 
2010; Somal, et al., 2023).

In this study, the exclusion criteria included fine needle 
aspiration samples and core biopsies; only cases with 
excisional biopsies were included. Patients diagnosed with 
stage IV disease and those who were lost to follow-up were 
also excluded. All patients were followed every 6 months 
during the study period through phone calls, and survival 
data were validated using hospital records, pathology reports, 
and oncology follow-up records. Tumor grading was defined 
according to the combined Bloom–Richardson grading 
system (Elston and Ellis, 1991), and tumor staging was based 
on the International Union Against Cancer–American Joint 
Committee on Cancer TNM criteria (Giuliano, Edge and 
Hortobagyi, 2018). Overall survival (OS) was defined as the 
time from the date of surgery to death, while progression-
free survival (PFS) was defined as the time from diagnosis to 
the first progression event.

B. IHC Staining of CD44s
IHC slides were prepared from three-micron sections cut 

from corresponding FFPE blocks. Heat-induced epitope 
retrieval was used for dewaxing and hydration at 50–60°C 
overnight (Paulsen, Dimke and Frische, 2015). Antigen 
retrieval was then performed using a water bath method 
(Dako, PT Link). Slides were placed in a water bath 
containing 1.5 L of low pH (×50) Target Retrieval Solution 
(Dako, EnVision™ FLEX; K8005, Glostrup, Denmark), 
following a specific protocol with a pre-heat temperature of 
65°C and antigen retrieval at 97°C for 20 min. Afterward, 
the slides were immediately transferred to the PT Link Rinse 
Station containing diluted wash buffer (PBS ×20) (Dako, 
EnVision™ FLEX; K8000, Glostrup, Denmark) at room 
temperature for 1–5 min to prevent dehydration.
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The IHC staining was performed using the Dako 
Autostainer Link 48 and a polymer-based detection system, 
following the recommended antibody protocol. All reagents 
were from the Dako EnVision™ FLEX Visualization Kit 
(K8000). To detect the CD44s cell membrane protein, a 
monoclonal mouse anti-human CD44s antibody (clone 
DF1485; Dako, Glostrup, Denmark) was used at a dilution of 
1:50, prepared by mixing 1 µL of the concentrated antibody 
with 49 µL of antibody diluent.

The staining procedure consisted of several steps. First, 
endogenous peroxidase activity and non-specific binding were 
blocked using a peroxidase blocking reagent for 5 min. The 
primary antibody was then applied and incubated for 20 min. 
This was followed by rinsing in wash buffer and incubation 
with the secondary FLEX+ Mouse (LINKER) reagent for 
15 min. After another rinse, slides were incubated in EnVision 
FLEX/HRP for 20 min, followed by two additional washes. 
To visualize antigen staining, 3,3’-diaminobenzidine was 
applied, and the slides were counterstained with hematoxylin. 
Finally, the slides were dehydrated through graded ethanol 
(70–100%) and mounted using Dibutyl-phthalate Polystyrene 
Xylene. Human urinary bladder tissue was used as a positive 
control for each sample.

C. Digitizing the Slides and Utilizing AI for Evaluation 
through DP/3DHISTECH

The prepared CD44s IHC slides were initially digitized 
using the Pannoramic® Desk II DW scanner from 
3DHISTECH (Budapest, Hungary). SlideViewer 2.5, a digital 
microscopy tool, was subsequently used to examine the 
scanned slides. The certified QuantCenter 2.3 Image Analyzer 
was then employed to quantify the CD44s transmembrane 
protein (User Guide, June 3, 2021; MembraneQuant 
Image Analyzer) (Acs, et al., 2019; Braun, et al., 2020). 
The “PatternQuant” module was first selected to identify 
specific malignant and stromal regions. Subsequently, 
“MembraneQuant” color deconvolution was applied within 
the delineated malignant regions, based on the chromogen 
color of the marker.

The image analysis procedure uses quantitative algorithms 
that mimic the pathologist’s assessment, producing 
semiquantitative outcomes on a non-standardized scoring 
system. Cell membranes are colored blue, yellow, orange, 
or red, corresponding to final scores of 0–+3, respectively. 
The final score is determined based on both the percentage 
of positive cells within the malignant area and the staining 
intensity (Aeffner, et al., 2018; Liu, et al., 2023). To validate 
the AI-based scoring by DP/3DHISTECH, the IHC slides 
were also manually evaluated by two pathologists.

D. Manual Scoring
Manual scoring was performed on the same digitized 

slides by two pathologists who were blinded to the patients’ 
clinicopathological data. For each slide, five fields were 
examined using SlideViewer 2.5 at ×20 magnification. 
CD44s expression was evaluated based on the percentage 
of positive cells (0 points: <5%; 1 point: 6–25%; 2 points: 

26–50%; 3 points: 51–75%; and 4 points: 76–100%) and 
the staining intensity of the cell membrane (0 points: no 
staining; 1 point: weak staining; 2 points: moderate staining; 
and 3 points: strong staining). The final score was calculated 
by multiplying the percentage score by the intensity score, 
yielding a total score ranging from 0 to 12. A score of ≥3 
was considered positive (Wu, et al., 2015).

E. Statistical Methods
The general and medical characteristics of BC patients 

were presented as mean (SD), median (median absolute 
deviation [MAD]), or percentages. The association between 
CD44s protein expression and clinicopathological data 
was examined using the Pearson Chi-square test. The 
Kaplan-Meier method was used for OS and PFS analysis. 
Comparisons of OS and PFS across different general and 
medical characteristics were performed using the Wilcoxon/
Kruskal–Wallis test (rank sums test). Cox regression analysis, 
based on the proportional hazards model, was conducted to 
identify factors associated with OS and PFS, considering 
mortality as the outcome. The strength and precision of 
these associations were expressed as hazard ratios (HR) 
with 95% confidence intervals (CI). Cohen’s Kappa test was 
used to assess the agreement between manual scoring and 
AI-based scoring of CD44s protein expression. A p < 0.05 
was considered statistically significant. All statistical analyses 
were performed using JMP®, Version 18.0 (SAS Institute 
Inc., Cary, NC, 1989–2023).

III. Results
A. Patient Baseline Characteristics
In this study, a total of 105 BC samples were obtained, 

of which 98 were included in the analysis, while 7 cases 
were excluded due to loss to follow-up. All of the included 
samples were invasive ductal carcinoma. The patients’ 
clinicopathological characteristics are listed in Table I. The 
mean age at diagnosis was 48.36 ± 11.28 years (range: 
28–75 years), with the majority of patients (72.45%) being 
over 40 years old. Regarding tumor size, 68.37% of patients 
had tumors measuring >2 cm to ≤5 cm, 18.37% had tumors 
>5 cm, and 13.27% had tumors ≤2 cm. Histological grading 
revealed that 54.08% of patients had Grade III tumors, 
41.84% had Grade II, and 4.08% had Grade I. TNM cancer 
staging results were as follows: Stage II (50%), Stage III 
(39.8%), and Stage I (10.2%). Lymph node metastasis 
was present in 65.31% of patients, while 34.69% had no 
lymph node involvement. Lymphovascular invasion (LVI) 
was observed in 74.23% of cases. In addition, 11.22% of 
patients developed local recurrence, and 13.27% developed 
distant metastases. Metastatic patterns were identified in the 
bone and vertebrae (3 cases), head and brain (5 cases), liver 
(2 cases), peritoneum (1 case), skin (1 case), and one case 
with an unidentified metastatic site.

In the present study, the ER, PR, and HER2 status of 
BC patients was categorized into positive and negative 
groups. The ER and PR status results were identical, with 
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70.41% of patients testing positive and 29.59% testing 
negative. Regarding HER2 status, 30.61% of patients were 
HER2-positive, while 69.39% were HER2-negative. Fifty-
three patients (54.08%) had a Ki-67 index score of ≥20, 
while forty-five patients (45.92%) had a score of <20. The 
molecular classification of BC cases identified Luminal A as 
the most prevalent subtype, comprising 38 cases (38.78% of 
the cohort). This was followed by Luminal B HER2-negative 
with 21 cases (21.65%) and HER2-enriched with 18 cases 
(18.56%). The remaining subtypes included Luminal B 
HER2-positive (11 cases, 11.34%) and TNBC, the least 
common subtype, with 9 cases (9.28%).

B. CD44s Protein Expression
CD44s is predominantly expressed in the cell membranes 

of BC tissues, as illustrated in Fig. 1. CD44s protein 
expression, as determined by AI scoring, was positive in 
65.31% of patients and negative in 34.69%. The agreement 
between AI and manual scoring was moderate, with a 
Cohen’s Kappa value of 0.4337 (p < 0.0001).

C. Association between CD44s Expression and 
Clinicopathological Features

This study analyzed the association between 
clinicopathological characteristics and the expression of the 
CD44s cell membrane protein (Table I). CD44s positivity was 
higher in patients over 40 years of age (74.07%) compared to 
those aged ≤40 years (61.97%), although this difference was 
not statistically significant (p = 0.2608). Similarly, CD44s 
expression showed no significant association with tumor size, 
lymph node metastasis, histological grade, LVI, or disease 
stage (p = 0.8904; p = 0.2126; p = 0.7385; p = 0.1789; 
p = 0.6946, respectively).

In terms of hormone receptor status, CD44s positivity was 
higher in ER-negative and PR-negative patients (75.86%) 
compared to ER-positive and PR-positive patients (60.87%); 
however, these differences were not statistically significant 
(p = 0.1547 for both). For HER2 status, CD44s positivity 

was greater in HER2-positive patients (73.33%) than in 
HER2-negative patients (61.76%), but this difference was not 
statistically significant (p = 0.2675). The Ki-67 index showed 
that CD44s positivity was higher in patients with a Ki-67 
index ≥20% (73.58%) than in those with <20% (55.56%), 
although the difference was not statistically significant (p = 
0.0617).

Regarding molecular subtypes, CD44s expression varied 
among subtypes but did not reach statistical significance 
(p = 0.251). Notably, the highest expression was observed 
in the HER2-Enriched subtype (78.95%) and Luminal-B 
HER2-negative (76.19%), followed by TNBC (66.67%) 
and Luminal-B HER2-positive (63.64%), while the lowest 
expression was seen in the Luminal-A subtype (52.63%).

Progression events such as local recurrence, distant 
metastasis, or death were more frequent in CD44s-positive 
cases (74.36%) compared to those with no progression 
(59.32%), although the difference was not statistically 
significant (p = 0.126). Local recurrence specifically 
demonstrated a higher rate of CD44s expression (90.91%) 
compared to non-recurrent cases (62.07%), though this 
difference also did not reach statistical significance (p = 
0.058). Similarly, distant metastasis showed no significant 
association with CD44s expression (61.54% in metastatic 
cases vs. 65.88% in non-metastatic cases; p = 0.759). Finally, 
no significant survival difference was observed between 
CD44s-positive and CD44s-negative groups (p = 0.202).

D. Survival Analysis
Kaplan-Meier analysis, including the log-rank test, 

was used to assess OS and PFS across various BC patient 
characteristics. Median OS and median PFS are reported in 
months, along with the MAD (Table II). Patients with tumors 
measuring >2–≤5 cm had a median OS of 86.47 months 
(MAD = 15.86), which was significantly longer than that 
of patients with tumors >5 cm (median OS = 53.42 months, 
MAD = 25.39; p = 0.0229). Similarly, PFS was significantly 
longer for patients with tumors ≤2 cm (median PFS = 
86.7 months, MAD = 18.53) compared to those with tumors 
>5 cm (median PFS = 17.85 months; p = 0.0023).

Stage I disease was associated with the longest survival, 
with a median OS of 87.05 months (MAD = 20.44) and a 
median PFS of 87.05 months (MAD = 20.44). A significant 
difference in PFS was observed across disease stages (p = 
0.0199). In addition, ER and PR status significantly impacted 
both OS and PFS. ER-positive and PR-positive patients had 
longer median OS (86.33 months) and PFS (75.9 months) 
compared to ER-negative and PR-negative patients (median 
OS = 69.4 months, p = 0.0198; median PFS = 61.23 months, 
p = 0.0392).

Among the molecular subtypes of BC, Luminal-B HER2-
negative tumors demonstrated the longest median OS at 
87.4 months (MAD = 11.4), whereas HER2-Enriched 
tumors exhibited the shortest median OS at 68.5 months 
(MAD = 27.27), although this difference approached but 
did not reach statistical significance (p = 0.0982). Similarly, 
PFS was longer in Luminal-B HER2-negative cases, with a 

Fig. 1. Representative digital pathology images (3DHISTECH).  
(a) Scanned IHC slide illustrating CD44s protein expression in breast 
cancer tissue, visualized using SlideViewer. (b) QuantCenter software 
performing color deconvolution of immunohistochemical staining for 
CD44s cell membrane protein expression. Blue indicates absence of 
membrane staining (score 0), while yellow, orange, and red represent 

increasing staining intensities, corresponding to scores of +1, +2, and +3, 
respectively.

a b
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TABLE I
General Medical and Clinicopathological Characteristics of BC Patients and their Association with AI-based Scores of  

CD44s Protein Expression

Characteristics Categories, n (%) CD44s protein expression, n (%) p-value

Negative
34 (34.69)

Positive
64 (65.31)

Age (Years) Mean±SD 48.36±11.28 - - -
Median (Range) 48 (28–75) - -
≤40 27 (27.55) 7 (25.93) 20 (74.07) 0.2608
>40 71 (72.45) 27 (38.03) 44 (61.97)

Tumor size >2–≤5 cm 67 (68.37) 23 (34.33) 44 (65.67) 0.8904
>5 cm 18 (18.37) 7 (38.89) 11 (61.11)
≤2 13 (13.27) 4 (30.77) 9 (69.23)

Lymph node metastasis No 34 (34.69) 9 (26.47) 25 (73.53) 0.2126
Yes 64 (65.31) 25 (39.06) 39 (60.94)

Histological grading Grade I 4 (4.08) 2 (50.00) 2 (50.00) 0.7385
Grade II 41 (41.84) 13 (31.71) 28 (68.29)
Grade III 53 (54.08) 19 (35.85) 34 (64.15)

Lymphovascular invasion Negative 25 (25.77) 6 (24.00) 19 (76.00) 0.1789
Positive 72 (74.23) 28 (38.89) 44 (61.11)

Staging Stage I 10 (10.20) 4 (40.00) 6 (60.00) 0.6946
Stage II 49 (50.00) 15 (30.61) 34 (69.39)
Stage III 39 (39.80) 15 (38.46) 24 (61.54)

ER Negative 29 (29.59) 7 (24.14) 22 (75.86) 0.1547
Positive 69 (70.41) 27 (39.13) 42 (60.87)

PR Negative 29 (29.59) 7 (24.14) 22 (75.86) 0.1547
Positive 69 (70.41) 27 (39.13) 42 (60.87)

HER2 Negative 68 (69.39) 26 (38.24) 42 (61.76) 0.2675
Positive 30 (30.61) 8 (26.67) 22 (73.33)

Ki-67 index (Cutoff 20%) <20 45 (45.92) 20 (44.44) 25 (55.56) 0.0617
≥20 53 (54.08) 14 (26.42) 39 (73.58)

BC molecular subtypes Luminal-A 38 (39.18) 18 (47.37) 20 (52.63) 0.2511
Luminal-B Her2-ve 21 (21.65) 5 (23.81) 16 (76.19)
HER2-Enriched 19 (18.56) 4 (21.05) 15 (78.95)
Luminal-B Her2+ve 11 (11.34) 4 (36.36) 7 (63.64)
TNBC 9 (9.28) 3 (33.33) 6 (66.67)

Progression event No 59 (60.20) 24 (40.68) 35 (59.32) 0.1258
Yes 39 (39.80) 10 (25.64) 29 (74.36)

Local recurrence No 87 (88.78) 33 (37.93) 54 (62.07) 0.0583
Yes 11 (11.22) 1 (9.09) 10 (90.91)

Distance metastasis No 85 (86.73) 29 (34.12) 56 (65.88) 0.7593
Yes 13 (13.27) 5 (38.46) 8 (61.54)

Survival Alive 70 (71.43) 27 (38.57) 43 (61.43) 0.2023
Died 28 (28.57) 7 (25.00) 21 (75.00)

OS in months Mean±SD 78.26±30.03 - - -
Median (Range) 53.3 (2.8–141.8) - - -

ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human epidermal growth factor receptor 2, OS: Overall survival

median of 82.03 months (MAD = 22.03), compared to HER2-
Enriched subtypes, which had a median of 48.13 months 
(MAD = 21.07). Nonetheless, no statistically significant 
differences in time to progression were observed between the 
groups (p = 0.1616).

Local recurrence did not have a statistically significant 
impact on OS (p = 0.2418). However, patients without 
distant metastasis had a significantly longer median OS 
of 86.47 months (MAD = 16.87) compared to those with 
distant metastasis, whose median OS was 59.43 months 
(MAD = 25.66, p = 0.0009). In addition, patients with 
negative CD44s protein expression exhibited longer median 
OS (87.64 months, MAD = 13.7) and PFS (86.64 months, 
MAD = 18.14) compared to those with positive CD44s 

protein expression; nevertheless, the differences were not 
statistically significant (p = 0.1345 for OS, p = 0.0669 for 
PFS). Furthermore, no other clinicopathological prognostic 
factors were found to be significantly associated with OS or 
PFS in BC patients.

Fig. 2 shows Kaplan-Meier survival curves for OS and 
PFS of BC patients with respect to CD44s protein expression. 
Although patients with CD44-negative tumors demonstrated 
better prognosis and improved OS and PFS compared to 
those with CD44-positive tumors, the differences were not 
statistically significant. The median survival times were 
longer in the CD44-negative group, but the log-rank test 
yielded p-values of 0.1776 for OS and 0.2274 for PFS, 
respectively.
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TABLE II
Kaplan-Meier (log-rank test) Analysis for OS and PFS

Characteristics Categories OS in Months p-value PFS in Months p-value

Med (MAD) Med (MAD)
Age category ≤40 75.6 (16.23) 0.2104 72.33 (24.2) 0.4105

>40 86.47 (17.5) 72.57 (25.9)
Tumor size >2–≤5 cm 86.47 (15.86) 0.0229 75.27 (20.5) 0.0023

>5 cm 53.42 (25.39) 17.85
≤2 cm 86.7 (18.53) 86.7 (18.53)

Lymph node metastasis No 85.52 (15.42) 0.2224 74.84 (18.52) 0.2085
Yes 81.53 (20.22) 70.12 (27.15)

Histological grading I 80.85 (9.83) 0.8578 80.85 (9.83) 0.4466
II 81.03 (16.56) 75.3 (20.83)
III 86.33 (19.14) 69.4 (29.07)

Lymphovascular invasion Negative 72.57 (12.7) 0.4529 72.57 (13.9) 0.3664
Positive 86.4 (19.27) 72.44 (29.09)

Staging I 87.05 (20.44) 0.1017 87.05 (20.44) 0.0199
II 86.47 (15.07) 75.3 (20.47)
III 75.27 (30.6) 59.63 (26.7)

ER Negative 69.4 (26.37) 0.0198 61.23 (26.2) 0.0392
Positive 86.33 (15.7) 75.9 (22.37)

PR Negative 69.4 (26.37) 0.0198 61.23 (26.2) 0.0392
Positive 86.33 (15.7) 75.9 (22.37)

HER2 Negative 86.215 
(14.89)

0.1269 78.47 (19.79) 0.1030

Positive 70.04 (28.01) 59.67 (26.3)
Ki-67 index (Cutoff 20%) <20% 85.33 (19.57) 0.5493 75.9 (23.23) 0.1802

≥20% 82.03 (15.87) 69.4 (26.37)
BC molecular subtypes Luminal-B Her2-ve 87.4 (11.4) 0.0982 82.03 (22.03) 0.1616

Luminal-B Her2+ve 86.47 (27.56) 75.3 (38.73)
Luminal-A 85.83 (16.37) 78.47 (20.52)
TNBC 73.77 (18.06) 73.77 (18.06)
HER2-Enriched 68.5 (27.27) 48.13 (21.07)

Local recurrence No 82.03 (16.83) 0.2418 - -
Yes 86.47 (19.4) -

Distance metastasis No 86.47 (16.87) 0.0009 - -
Yes 59.43 (25.66) -

CD44s protein expression Negative 87.64 (13.7) 0.1345 86.64 (18.14) 0.0669
Positive 75.75 (21.09) 69.54 (26)

MAD: Median absolute deviation, ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human epidermal growth factor receptor 2, OS: Overall survival, PFS: Progression-free 
survival. The bold values indicate p-values < 0.05.

E. Cox Regression Analysis of Survival in BC Patients
In the present study, patients with LVI had a 2.37-fold 

higher risk of death compared to those without LVI, making 
it the only significant predictor of poor OS (HR = 2.37, 95% 
CI = 1.06–5.29; p = 0.036). LVI-positive tumors also showed 
a higher risk of progression (HR = 2.19, 95% CI = 0.95–5.03), 
though this did not reach statistical significance (p = 0.064) 
(Table III).

Although patients with Stage II disease exhibited a higher 
risk of progression (HR = 3.28, 95% CI = 0.75–14.28), the 
association was not statistically significant (p = 0.122). A tumor 
size greater than 5 cm also showed worse survival outcomes 
for both OS (HR = 1.74, 95% CI = 0.37–8.21) and PFS 
(HR = 1.97, 95% CI = 0.37–10.47), yet the associations were 
not statistically significant (OS: p = 0.701; PFS: p = 0.709). 
Finally, other variables (e.g., ER status, lymph node metastasis, 
age, HER2, Ki-67, CD44s protein expression) did not show 
significant correlations with survival (all p > 0.05).

IV. Discussion

In this study, IHC analysis using AI-based scoring methods 
was employed to investigate the expression of CD44s cell 
membrane protein in BC patients and its potential prognostic 
value. Our analysis revealed that 65.31% of patients 
exhibited positive CD44s protein expression, while 34.69% 
were negative, consistent with previous studies on CSC 
markers in BC tissues (Mohamed, et al., 2019; Wu, et al., 
2015). However, despite the high rate of CD44s protein 
expression, we found no significant correlation between 
CD44s protein expression and key clinicopathological 
factors such as age, tumor size, lymph node metastasis, 
or hormone receptor status. The lack of association with 
clinicopathological factors aligns with studies reporting no 
significant correlation between CD44s protein expression 
and clinical outcomes (Abraham, et al., 2005). This may 
suggest that the standard isoform of CD44 cell membrane 
protein contributes to tumor initiation, warranting further 
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investigation into its role in both primary and metastatic 
tissues in BC patients.

Nevertheless, conflicting results from other studies regarding 
the association of CD44s with clinicopathological characteristics 
highlight the complexity of CD44s as a prognostic and 
predictive biomarker (Wu, et al., 2015). These discrepancies 
may be due to differences in study populations, methodologies, 
or the biological heterogeneity of BC subtypes. Furthermore, 
the specific CD44 isoform selected in various studies may 
demonstrate distinct roles in BC initiation and progression 
(Yang, et al., 2019; Brown, et al., 2011; Guo, et al., 2021).

Kaplan-Meier survival analysis showed that CD44s protein 
expression did not significantly affect OS or DFS, which 
may be due to the short follow-up period of the cohort. 
Notably, similar clinical outcomes were reported in a study 
by Abraham, et al. (Abraham, et al., 2005). However, a meta-
analysis suggested that CD44 serves as a negative prognostic 
marker for OS and PFS (Gu, et al., 2022). It is possible that 
CD44v isoforms play a more prominent role in BC progression 
(Hu, et al., 2017). Since our study focused on CD44s, future 
research should include CD44v isoforms and a larger cohort to 
better clarify the prognostic significance of CD44.

Interestingly, our analysis identified LVI as the only 
independent predictor of both OS and PFS, underscoring its 
importance as a key prognostic factor in BC. This finding 
aligns with other studies that have associated LVI with more 
aggressive BC subtypes, higher recurrence rates, and lower 
survival outcomes (Lee, et al., 2023; Nishimura, et al., 2022; 
Song, et al., 2011).

TABLE III
Cox regression Analysis for OS and PFS in BC Patients

Predictors (n=98) OS in months PFS in Months

HR (95% CI) p-value HR (95% CI) p-value
Age category 0.37404 0.78630

>40 versus ≤40 0.74 (0.38–1.43) 1.10 (0.56–2.16)
Tumor size 0.70059 0.70915

>2–≤5 cm versus ≤2 1.64 (0.50–5.33) 1.36 (0.40–4.61)
>5 cm versus ≤2 1.74 (0.37–8.21) 1.97 (0.37–10.47)

Lymph node metastasis 0.34261 0.55337
Yes versus No 1.50 (0.65–3.47) 1.31 (0.54–3.18)

Histological grading 0.60362 0.77761
II versus I 0.82 (0.25–2.65) 0.79 (0.24–2.56)
III versus I 0.59 (0.16–2.19) 0.64 (0.17–2.41)

Lymphovascular invasion 0.03565 0.06433
Positive versus Negative 2.37 (1.06–5.29) 2.19 (0.95–5.03

Staging 0.50417 0.12226
II versus I 1.92 (0.50–7.31) 3.28 (0.75–14.28)
III versus I 1.51 (0.28–8.28) 2.19 (0.36–13.39)

ER 0.31812 0.81644
Positive versus Negative 0.66 (0.29–1.49) 0.91 (0.41–2.03)

PR 0.31812 0.81644
Positive versus Negative 0.66 (0.29–1.49) 0.91 (0.41–2.03)

HER2 0.80453 0.90197
Positive versus Negative 1.15 (0.39–3.36) 0.93 (0.31–2.84)

Ki-67 (20%) 0.95403 0.73258
≥20% versus <20% 1.02 (0.50–2.10) 1.13 (0.56–2.30)

CD44s protein expression 0.99849 0.95663
Positive versus Negative 1.00 (0.54–1.86) 0.98 (0.51–1.90)

ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human epidermal growth factor receptor 2, OS: Overall survival, PFS: Progression-free survival

Fig. 2. Kaplan-Meier survival curves with log-rank test results. 
Comparison of overall survival between patients with positive and 

negative CD44s protein expression (top); comparison of progression-
free survival between patients with positive and negative CD44s protein 

expression (bottom).
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The integration of an AI-based scoring method for IHC 
slide quantification represents a significant advancement 
in BC diagnostics. In this study, we observed moderate 
agreement between the AI-based scoring method and 
manual scoring of CD44s cell membrane protein expression, 
highlighting the potential of AI to complement traditional 
approaches, particularly in reducing interobserver variability.

Despite its strengths, this study has several limitations. 
These include its retrospective design, relatively short 
follow-up period, and relatively small sample size, 
particularly within stratified subgroups, which may limit 
the statistical power to detect subtle associations. Another 
potential limitation is recall bias, especially for data obtained 
directly from patients. However, most clinical and follow-
up information was sourced from hospital records, including 
patient registries, the oncology clinic, and the cancer center 
database at Azadi Teaching Hospital, helping to reduce this 
risk. For the small portion of data collected through patient 
phone calls, no more practical or reliable method was 
available. Future studies should aim to validate these findings 
in larger, prospective cohorts and explore the distinct roles of 
CD44s and CD44v isoforms in BC progression and survival 
outcomes. Moreover, the development and refinement of AI-
based scoring systems warrant further exploration to establish 
standardized protocols for clinical application.

V. Conclusion
This study contributes to the growing body of literature on 
CD44s cell membrane protein expression in BC, providing 
insights into its role in disease characterization. While some 
results align with prior studies, others contradict established 
findings, underscoring the complexity of CD44s cell 
membrane protein expression as a biomarker. Future research 
with larger cohorts and integrated molecular profiling is 
needed to clarify the prognostic and therapeutic relevance of 
CD44s cell membrane protein expression in BC. The moderate 
concordance between AI-based and manual scoring methods 
highlights the promise of AI in enhancing pathological 
assessments. Further research is essential to elucidate the 
prognostic value of CD44s cell membrane protein expression 
and to optimize AI tools alongside manual pathology, ensuring 
robustness and accuracy for routine clinical use.
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