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Background: Esophageal squamous cell carcinoma (ESCC), a prevalent malignancy within the upper 
gastrointestinal system, is characterized by its unfavorable prognosis and the absence of specific indicators 
for outcome prediction and high-risk case identification. In our research, we examined the expression 
levels of cancer stem cells (CSCs), markers CD44/SOX2 in ESCC, scrutinized their association with 
clinicopathological parameters, and developed a predictive nomogram model. This model, which 
incorporates CD44/SOX2, aims to forecast the overall survival (OS) of patients afflicted with ESCC.
Methods: Immunohistochemistry was utilized to detect the expression levels of CD44 and SOX2 in both 
cancerous and paracancerous tissues of 68 patients with ESCC. The correlation between CD44/SOX2 
expression and clinicopathological parameters was subsequently analyzed. Factors impacting the prognosis 
of ESCC patients were assessed through univariate and multivariate Cox regression analyses. Leveraging the 
results of these multivariate regression analyses, a nomogram prognostic model was established to provide 
individualized predictions of ESCC patient survival outcomes. The predictive accuracy of the nomogram 
prognostic model was evaluated using the consistency index (C-index) and calibration curves.
Results: The expression levels of CD44 were markedly elevated in the tumor tissues of ESCC patients. 
Similarly, SOX2 was significantly overexpressed in the tumor tissues of ESCC patients. The positive expression 
of SOX2 in ESCC demonstrated a strong correlation with both the pathological T-stage and the presence 
of carcinoembryonic antigen. CD44 and SOX2 co-positive expression was significantly associated with the 
pathological T-stage and tumor node metastasis (TNM) stage. Furthermore, ESCC patients exhibiting CD44-
positive expression in their tumor tissue generally had a more adverse prognosis. The co-expression of CD44 
and SOX2 resulted in a grimmer prognosis compared to patients with other combinations. Multivariate Cox 
regression analysis identified the co-expression of CD44 and SOX2, the pathological T-stage, and lymph 
node metastasis as independent prognostic indicators for ESCC patients. The three identified variables were 
subsequently incorporated into a nomogram for predicting OS. The C-index of the measurement model 
and the area under the curve of the subjects’ work characteristics showed good individual prediction. This 
prognostic model stratified patients into low- and high-risk categories. Analysis revealed that the 5-year OS rate 
was significantly higher in the low-risk group compared to the high-risk group.
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Introduction

Background 

Esophageal  carc inoma (EC) ranks  as  one of  the 
predominant malignancies within the upper gastrointestinal 
system worldwide. Globally, esophageal cancer is recognized 
as the seventh most prevalent cancer and the sixth leading 
cause of cancer-related mortality (1). Pathologically, 

esophageal cancer is bifurcated into two primary subtypes: 
esophageal adenocarcinoma (EAC) and esophageal 
squamous cell carcinoma (ESCC). ESCC is characterized 
by unique pathogenetic features, exhibiting insidious as 
well as aggressive early symptoms. At the time of initial 
consultation, approximately 70% of patients present with 
local infiltration or distant metastasis. Despite substantial 
advancements in diagnostic and therapeutic strategies for 
ESCC, the prognosis remains dismal. The 5-year survival 
rate for patients with ESCC is less than 15% (2). Given 
this context, there is an escalating interest in investigating 
ESCC-specific biomarkers. The objectives of such studies 
are twofold: to prognosticate patient outcomes and to 
identify high-risk cases warranting immediate attention.

Rationale and knowledge gap 

The tumor stem cell hypothesis posits that cancerous 
tissues harbor cancer stem cells (CSCs), which orchestrate 
tumor proliferation. These CSCs, constituting less than 
5% of the total tumor cell population, are characterized 
by their self-renewal capacity, unrestricted proliferation, 
and differentiation potential (3). They play a pivotal role in 
disease progression, metastasis, and recurrence in patients 
who have undergone successful initial chemotherapy or 
radiation therapy (4,5). CSCs are propelled by factors such 
as cellular plasticity, senescence and quiescence, augmented 
DNA repair capability, deregulation of anti-apoptotic 
proteins, and modifications in cell cycle dynamics and the 
tumor microenvironment. These factors enable CSCs to 
sustain their self-renewal capacity and resist the stress of the 
tumor microenvironment and therapy (6,7). In esophageal 
squamous carcinoma, CSCs can be discerned using specific 
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cell surface and intracellular markers. For instance, cell 
surface markers like CD44, CD90, and CD133 are employed 
to identify esophageal squamous carcinoma CSCs (8).

CD44, a set of transmembrane glycoproteins located on 
the cell surface, undergoes post-translational modifications 
and selective splicing that influence its binding affinity to 
ligands, thereby regulating the activity of CSCs (9). It is 
predominantly expressed in tumor cells as an extracellular 
matrix adhesion protein, playing a crucial role in their 
adhesion and migration (10). As the most prevalent marker 
for CSCs, CD44’s expression is directly linked with the self-
renewal and tumorigenic capacity of CSCs, contributing 
significantly to tumorigenesis (11). Numerous studies have 
indicated that heightened CD44 expression can escalate 
the tumorigenic potential in various cancers such as  
colorectal (12), breast (13) and gastric (14) cancers. 
Moreover, CD44 is extensively overexpressed in other 
cancer types like ovarian cancer (15) and oral squamous 
carcinoma (16), in which it is associated with aggressive 
biological behavior leading to a poor prognosis.

SOX2, a member of the HMG protein family, plays 
a pivotal role in maintaining the self-renewal and 
multidirectional differentiation of stem cells (17). It is 
identified as one of the CSCs markers, including Nanog and 
SALL4, of which its overexpression enhances the properties 
of tumor stem cells (18). In various cancers such as bladder 
cancer, enhanced expression of SOX2 has been found to be 
associated with an increase in tumor cell stemness and the 
maintenance of their self-renewal capacity (19). The long 
non-coding RNA (lncRNA) SOX2-OT, localized in the 
cytoplasm, has been found to promote SOX2 expression, 
thereby augmenting bladder tumor cell stemness and 
progression (20). Moreover, studies have demonstrated 
that overexpression of SOX2 significantly amplifies ESCC 
cell migration, invasion, and resistance to cisplatin. This 
correlation with poor patient prognosis underlines its 
potential value in therapeutic interventions for cancer (21). 
Research indicates that both SOX2 amplification and the 
acquisition of chromosome 3 are phenomena observed in 
ESCC. These occurrences serve as potential biomarkers, 
linked with tumor progression and risk stratification within 
ESCC cases (22,23).

Objective

This research employed immunohistochemistry (IHC), 
survival analysis, and regression analysis to explore the 
association between CD44/SOX2 protein expression and 

the clinicopathological traits and prognosis of patients. We 
developed a CD44-centric nomogram to forecast individual 
overall survival (OS) rates, thereby offering a potential 
stem cell marker compilation for evaluating patient clinical 
outcomes. We present this article in accordance with the 
TRIPOD reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-23-2313/rc). 

Methods

Patients and clinical samples

A total of 68 ESCC specimens were randomly selected 
from patients who underwent surgical treatment at the 
Department of Clinical Pathology in Xinjiang Medical 
University Affiliated Tumor Hospital (Xinjiang Uygur 
Autonomous Region) between January 1st, 2016 and 
December 31st, 2016. Each patient had comprehensive 
clinical, pathological, and follow-up records. The follow-
up period extended until June 2021 or until the patient’s 
death, with an average duration of 34 months and survival 
times ranging from 4 to 68 months. Every selected case was 
diagnosed as ESCC by two pathologists. The esophageal 
squamous carcinoma stages were determined based on 
histological classification, degree of differentiation, and 
detailed postoperative pathological staging in accordance 
with American Joint Committee on Cancer (AJCC)/
International Union against Cancer Tumor Node 
Metastasis (TNM) classification system. The associated 
clinicopathological characteristics are enumerated in Table 
1. The study’s inclusion criteria were as follows: (I) first-
time oesophageal cancer patients treated at our hospital; 
(II) preoperative confirmation of squamous oesophageal 
cancer via imaging, endoscopy, and histological biopsy; 
(III) absence of other interventions such as neoadjuvant 
radiotherapy or chemotherapy prior to surgery; and (IV) 
availability of complete clinicopathological data. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the ethics committee of Xinjiang Medical University 
Affiliated Tumor Hospital (No. K-2019053) and informed 
consent was obtained from all individual participants.

Immunohistochemical analysis

IHC was employed to ascertain the expression levels of 
SOX2 and CD44 proteins in ESCC and adjacent tissue 
specimens. The respective antibodies used for CD44 and 

https://tcr.amegroups.com/article/view/10.21037/tcr-23-2313/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-23-2313/rc
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Table 1 Baseline characteristics of patients

Patient characteristic Frequency (n) Percentage (%)

Age (years)

≤62 33 48.53

>62 35 51.47

Sex

Male 46 67.65

Female 22 32.35

CEA

Negative 64 94.12

Positive 4 5.88

SCC

Negative 61 89.71

Positive 7 10.29

Tumor size (cm)

≤4 36 52.94

>4 32 47.06

Histological grade

Grade 1 3 4.41

Grade 2 43 63.24

Grade 3 22 32.35

Nerve invasion

Negative 49 72.06

Positive 19 27.94

pT stage

pT 1 8 11.75

pT 2 8 11.75

pT 3 51 75.00

pT 4 1 1.47

N categories

N0 31 45.59

N1 19 27.94

N2 15 22.06

N3 3 4.41

TNM stage

Stage I 6 8.82

Stage II 27 39.71

Stage III 35 51.47

Table 1 (continued)

Table 1 (continued)

Patient characteristic Frequency (n) Percentage (%)

CD44

Negative 19 27.94

Positive 49 72.06

SOX2

Negative 24 35.29

Positive 44 64.71

CD44+/SOX2+

Negative 36 52.94

Positive 32 47.06

Age is based on a median age of 62 years. CEA, carcinoembryonic 
antigen; SCC, squamous cell carcinoma.

SOX2 were procured from Zhongshan Jinqiao, China 
(ZM-0052) and Proteintech, USA (11064-1-AP). A cell 
membrane staining pattern signified positive CD44 
expression in ESCC and normal oesophageal mucosal 
cells, while a nuclear staining pattern indicated positive 
SOX2 expression. In each section, ten stained areas were 
randomly selected under a high magnification field of view 
(×400), and the positive staining was evaluated using an 
immunoreactivity score, which was calculated as the product 
of staining intensity and the percentage of positively stained 
cells. The intensity of staining was rated on a scale of 0 to 
2: weak staining [0]; moderate staining [1]; strong staining 
[2]. The percentage of positively stained cells was assessed 
and categorized as follows: 0% [0], 1–10% [1], 11–50% [2], 
51–75% [3], and 76–100% [4]. Scores were interpreted by 
two senior pathologists in a double-blinded manner and 
averaged. A score of 3 or higher was deemed positive, while 
a score between 0 and 2 was considered negative (24).

Statistical analyses

The experiment’s results were examined using SPSS  
26.0 statistical software. Measurements are expressed 
as mean ± standard deviation; conforming to normal 
distribution, differences between the two groups were tested 
by independent samples t-test. The Chi-squared test was 
used to compare the count data with the following rules (N 
is the total number of cases, and E is the expected value of 
each cell): when N<40 or E <1, the analysis was performed 
using the Fisher exact test; when N≥40 and 1≤ E ≤5, the 
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analysis was performed using the successive-corrected chi-
square test; and when N≥40 and E≥5, the Pearson chi-
square analysis was performed. The correlation between 
the expression levels of CD44/SOX2 and OS in patients 
with ESCC was evaluated utilizing Kaplan-Meier survival 
analysis, complemented by a log-rank test. Hazard ratios, 
accompanied by 95% confidence intervals, were utilized for 
analysis. A P value of less than 0.05 was deemed statistically 
significant.

Construction of nomogram

The analysis of experimental results was conducted using R 
software (version 4.2.1). The initial stage involved testing 
the proportional risk hypothesis through the survival 
package (3.3.1). Subsequently, the Cox proportional risk 
regression model was employed for a univariate analysis 
of potential risk factors associated with OS in patients 
diagnosed with squamous esophageal cancer. Variables that 
yielded P values less than 0.1 in the univariate analysis, 
as well as gender and age, were selected for further 
examination through multivariate Cox regression analysis. 
The rms package (6.3-0) was then utilized to construct a 
nomogram prediction model, based on the multivariate Cox 
regression analysis results, for forecasting OS in patients 
suffering from esophageal squamous carcinoma. The 
predictive capability of the nomogram was evaluated using 
the concordance index (C-index). To assess the consistency 
between observed and predicted outcomes, a calibration 
plot was created using 800 bootstrap resamples.

Results

The association between the expression levels of CD44 and 
SOX2 with clinicopathological parameters.

IHC was utilized to examine the expression of CD44 
and SOX2 in both cancerous and paracancerous tissue 
samples obtained from ESCC patients. CD44 was 
discernible in both the cell membrane and cytoplasm, with 
the definition of positive expression being a cell membrane 
staining pattern. Out of 68 cases, positive CD44 staining 
was identified in 49 tumor tissue samples (72.06%) and  
39 corresponding paracancerous tissue samples (57.35%), 
a difference which was statistically significant (P=0.004) 
(Figure 1A). Furthermore, SOX2 was observable in the 
nucleus. Positive SOX2 staining was found in 44 tumor 
tissue samples (64.71%) and only ten corresponding 
paracarcinomatous tissue samples (14.71%), again, a 

statistically significant difference (P<0.001) (Figure 1B).  
No significant association was discovered between the 
expression level of CD44 in ESCC and factors such as 
patient’s gender, age, tumor size, pathological grade, 
depth of tumor infiltration, TNM stage, and lymph node 
metastasis. However, the expression level of SOX2 in ESCC 
demonstrated a correlation with pathological T-staging and 
carcinoembryonic antigen (CEA) expression level (P<0.05), 
but not with age, gender, or TNM staging. A significant 
correlation was established between CD44/SOX2 co-
positive expression and both pathological T stage and 
TNM stage. Comprehensive statistical results are presented 
in Table 2.

Survival analysis

The study was conducted over a median follow-up period of 
34 months, ranging from 4 to 68 months. The OS rate for all 
patients after 5 years was observed to be 25%. A significant 
relationship was identified between the expression of CD44 
and the clinical prognosis in patients with ESCC. Kaplan-
Meier analysis highlighted a strong association between 
CD44 expression in ESCC and the OS rate. Notably, 
patients with positive CD44 expression had a significantly 
reduced survival time compared to those with negative 
CD44 expression (log-rank =4.19, P=0.041, Figure 2A).  
Cases of ESCC exhibiting SOX2-positivity did not 
demonstrate a significant correlation with patient survival 
rates (log-rank =0.20, P=0.65, Figure 2B). However, the 
study revealed that patients with a positive co-expression of 
CD44 and SOX2 markers experienced a poorer prognosis 
compared to those expressing other marker combinations 
(log-rank =4.77, P=0.029, Figure 2C).

Construction of nomogram for OS in ESCC patients

Table 3 demonstrates that univariate Cox regression analysis 
identified squamous cell carcinoma (SCC), maximum 
diameter of tumor, pathological T-stage, lymphatic metastasis, 
TNM stage, and CD44/SOX2 co-expression as factors 
influencing OS (P<0.05). Multivariate analysis, however, 
pinpointed CD44/SOX2 co-expression, pathological 
T-stage, and lymphatic metastasis as independent prognostic 
indicators for OS in ESCC patients.

Utilizing these three independent prognostic indicators, 
age and gender, a nomogram predictive model was 
constructed to estimate OS rates, as illustrated in Figure 3A.  
The procedure for utilizing the nomogram plots to forecast 
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Figure 1 Immunohistochemical staining of CD44 and SOX2 in ESCC. (A) Staining of CD44 in ESCC cancer tissues and paracancerous 
tissues (left), immunohistochemical scoring of CD44 (right). (B) Staining of SOX2 in ESCC cancer tissues and paracancerous tissues (left), 
immunohistochemical scoring of SOX2 (right). ESCC, esophageal squamous cell carcinoma.

OS in patients is as follows: firstly, the values for CD44/
SOX2 co-expression, pathological T-stage, lymphatic 
metastasis, age and gender are identified on their respective 
variable axes. A vertical line drawn upwards from the 
variable axis to the Points axis will provide the score for 
each variable. The total score is obtained by summing these 
five-factor scores and locating this sum on the total points 
axis. Lastly, a line drawn vertically downwards from the 
total points axis to the survival axis provides the predicted 1, 
3, and 5-year OS rates. The nomogram model was used as 
follows: a patient with ESCC who had a pathological T-stage 
of T3/T4, then the tumor invaded or infiltrated the fibrous 
outer lining of the esophagus, which corresponded to a 
score of 100, and if it was a T1/T2 stage then the tumor 
growth was confined to the intrinsic muscular layer of the 

esophagus, which was predicted to be a score of zero. If an 
ESCC patient’s N stage is N0+, then regional lymph node 
metastasis is seen, and the corresponding score is 37.5; if 
the patient’s N stage is N0, then no regional lymph node 
metastasis is seen, and the corresponding score for this 
patient is 0. The corresponding score for gender is 32.5 for 
females and 0 for males. If a tissue section from 1 ESCC 
patient was immunohistochemically stained for CD44+/
SOX2+ co-positive expression, then the predicted score was 
40. If both CD44/SOX2 staining is negative or one negative 
and one positive, then the corresponding score is 0.

C-index and AUC of the nomogram model

The findings demonstrated that the nomogram prognostic 
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Table 2 Relationship between CD44/SOX2 and clinicopathological variables in ESCC

Variable
Cases 
(n=68)

CD44 SOX2 CD44+/SOX2+

Negative 
(n=19)

Positive 
(n=49)

χ2 value P value
Negative 

(n=24)
Positive 
(n=44)

χ2 value P value
Negative 

(n=36)
Positive 
(n=32)

χ2 value P value

Sex 0.24 0.62 3.08 0.08 3.03 0.08

Male 46 12 34 13 33 21 25

Female 22 7 15 11 11 15 7

Age (years) 0.01 0.91 0.70 0.40 1.44 0.23

≤62 33 9 24 10 23 15 18

>62 35 10 25 14 21 21 14

CEA 0.02 0.89 7.79 0.005 3.78 0.05

Negative 64 18 46 20 44 32 32

Positive 4 1 3 4 0 4 0

SCC 0.72 0.40 0.20 0.66 0.32 0.57

Negative 61 18 43 21 40 33 28

Positive 7 1 6 3 4 3 4

Maximum tumor diameter (cm) 0.00 0.98 1.36 0.24 3.68 0.06

≤4 36 10 26 15 21 23 13

>4 32 9 23 9 23 13 19

Nerve invasion 0.17 0.68 2.34 0.13 0.33 0.57

Negative 49 13 36 20 29 27 22

Positive 19 6 13 4 15 9 10

Histological grade 3.47 0.18 0.02 0.99 1.76 0.41

G1 3 0 3 1 2 1 2

G2 43 10 33 15 28 21 22

G3 22 9 13 8 14 14 8

T stage 2.65 0.45 8.75 0.03 10.26 0.02

T1 8 2 6 6 2 8 0

T2 8 2 6 3 5 5 3

T3 51 14 37 14 37 22 29

T4 1 1 0 1 0 1 0

Lymph node metastasis 3.79 0.29 6.44 0.09 4.24 0.24

N0 31 10 21 10 21 18 13

N1 19 7 12 5 14 9 10

N2 15 2 13 9 6 9 6

N3 3 0 3 0 3 0 3

Stage 0.93 0.63 2.98 0.23 6.08 <0.05

Stage I 6 2 4 4 2 6 0

Stage II 27 9 18 8 19 14 13

Stage III 35 8 27 12 23 16 19

ESCC, esophageal squamous cell carcinoma; CEA, carcinoembryonic antigen; SCC, squamous cell carcinoma.
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Figure 2 Kaplan-Meier analysis of survival in ESCC patients. (A) Overall patient survival correlated with CD44 expression (log-rank =4.19, 
P=0.041). (B) There was no significant correlation between patients’ overall survival and SOX2 expression (log-rank =0.20, P=0.65). (C) 
Overall survival of patients was associated with co-expression of CD44 and SOX2 (log-rank =4.77, P=0.029). ESCC, esophageal squamous 
cell carcinoma.

Table 3 Analysis of risk factors for disease overall survival in ESCC patients

Variables
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age (≤62/>62 years) 0.99 (0.57–1.72) 0.98 1.11 (0.61–2.03) 0.73

Sex (male/female) 0.91 (0.50–1.64) 0.75 1.44 (0.72–3.85) 0.30

CEA (negative/positive) 1.17 (0.36–3.75) 0.80  

SCC (negative/positive) 3.03 (1.33–6.87) 0.008 1.63 (0.67–3.97) 0.29

Maximum tumor diameter (≤4/>4 cm) 1.87 (1.07–3.25) 0.03 1.28 (0.70–2.24) 0.43

Histological grade (G1/G2/G3) 1.06 (0.62–1.82) 0.84  

Nerve invasion (negative/positive) 1.38 (0.76–2.53) 0.29  

T stage (T1 + T2/T3 + T4) 2.67 (1.50–4.74) <0.001 3.34 (1.33–8.39) 0.002

Lymph node metastasis (negative/positive) 1.84 (1.05–3.24) 0.03 7.43 (1.52–36.41) 0.04

Stage (I/II/III) 1.66 (1.07–2.59) 0.02 0.22 (0.05–1.08) 0.14

CD44+/SOX2+ (negative/positive) 2.32 (1.32–4.09) <0.001 1.86 (1.01–3.43) 0.04

ESCC, esophageal squamous cell carcinoma; CI, confidence interval; CEA, carcinoembryonic antigen; SCC, squamous cell carcinoma.
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model for OS exhibited a C-index of 0.691 [95% confidence 
interval (CI): 0.66–0.73]. Additionally, the calibration plots 
confirmed substantial congruence between OS rates, as 
depicted in Figure 3B. The receiver operating characteristic 
curve (ROC) curves for the nomogram predictive model, 
complemented by the area under curve (AUC) values, are 
presented in Figure 3C.

Differentiation of high-risk and low-risk patients based on 
nomogram scores

The TNM staging system exhibited limited differentiation 
capability between OS in stage II and stage III ESCC 
patients (Figure 4A). Utilizing the nomogram prediction 
model, each patient’s cumulative OS score was computed. 
The optimal cut-off value for the total OS score, determined 
by the maximum Youden index of the ROC curve, was set at 
100. This facilitated stratification of patients into high-risk 
and low-risk groups based on their total scores. In terms of 

OS, a total of 48 patients were classified into the high-risk 
category, while 20 patients were allocated to the low-risk 
category. A significant statistical difference was observed 
in the 5-year OS rate between the low-risk and high-risk 
groups (35% vs. 8.3%, P<0.005; HR: 4.107, 95% CI: 2.303–
7.327) as depicted in Figure 4B. The nomogram, based 
on the OS survival analysis results, demonstrated a robust 
predictive capability when patients were stratified into high-
risk and low-risk categories according to their cumulative 
scores.

Discussion

The CSCs represent a primary cellular source in tumor 
recurrence and play a crucial role in the pathogenesis, 
progression, recurrence, and resistance to treatment of 
various cancer types. Their direct involvement regulates 
the initiation, progression, metastasis, and resistance to 
treatment of cancer, thereby leading to recurrence (25,26). 



Tian et al. ESCC prognostic model2980

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2024;13(6):2971-2984 | https://dx.doi.org/10.21037/tcr-23-2313

Specific markers of esophageal squamous cell carcinoma 
stem cells (ECSCs) aid in the extraction of this tumor cell 
subset. These markers have significant clinical implications, 
not just for the diagnosis, metastasis, and recurrence 
of ESCC, but also for its targeted therapy. They are 
instrumental in enhancing patient prognosis and managing 
tumor advancement, thereby facilitating a more efficient 
treatment approach for esophageal cancer (27). Hence, 
the examination of ECSCs markers is imperative for the 
prognosis of patient conditions and the detection of high-
risk instances.

CD44, a prevalent CSC marker, exhibits elevated 
expression in ESCC tissues compared to adjacent non-
cancerous tissues. An increasing body of research indicates a 
correlation between CD44, the CSC marker, and malignant 
tumorigenesis. Parul Gupta et al.’s study (28) reinforces this 
notion, revealing a substantial increase in CD44 expression 
in ESCC compared to atypical hyperplasia, thereby 
suggesting its involvement in esophageal carcinogenesis. 
In the research conducted by Awasthi et al.’s study (29), 
they demonstrated that concurrent alterations in CD44 
and IL-1β within tumor stem cells facilitate the early 
identification of oral submucous fibrosis and oral squamous 
carcinoma. Dhar et al. (30) found that CD44 expression in 
hepatocytes was dramatically upregulated when hepatocytes 
were exposed to carcinogens, and damaged hepatocytes 
maintained this induced mutation by activating AKT via 
CD44 to promote MDM2 phosphorylation and nuclear 
translocation to escape from p53-mediated death, and 
passed on from the parental cells to the daughter cells, 
which further became hepatocellular carcinoma stem cells, 

leading to tumorigenesis. These findings are consistent 
with the results of the present study. Gong et al.’s study (31)  
proposed a correlation between positive CD44 expression, 
T-staging, and tumor pathology lymph node metastasis 
in ESCC, a conclusion that contradicts the findings of 
our research. Our analysis did not reveal a significant 
l ink  between pos i t ive  CD44 express ion and the 
clinicopathological data of ESCC patients. We found that 
CD44 expression was up-regulated with deeper tumor 
infiltration and later clinical stage in 68 ESCC tissue 
samples, but the difference was not statistically significant. 
We analyzed that it was due to the inconsistency of the 
results with the literature caused by the small sample size 
analyzed in this study. We hypothesized that the differences 
in CD44 expression between patients’ clinical profiles 
might be statistically different after expanding the clinical 
tissue sample size. We speculate that CD44, an identified 
marker of CSCs, contributes to tumourigenesis in ESCC. 
Therefore, we will also conduct further studies on the 
issue of differential expression of CD44 between low- and 
high-grade atypical hyperplasia of esophageal squamous 
epithelium and carcinoma in situ with the aim of discovering 
the mechanistic role of CD44 in esophageal squamous 
carcinogenesis. It is important to highlight that the patients 
with high CD44 expression in their tumors exhibited a 
reduced overall OS and a more severe prognosis compared 
to those with low CD44 expression. This suggests that 
CD44 could serve as a valuable prognostic tool for CSCs in 
predicting the future clinical course of ESCC patients.

SOX2, a transcription factor distinctly expressed 
in CSCs, plays a significant role in tumourigenesis, 
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progression, and the preservation of cellular stem cells (32). 
Our research has revealed a significant correlation between 
the heightened expression of SOX2 in ESCC cancer tissues 
and the depth of tumor infiltration, as well as the positive 
expression of CEA. This suggests a potential role of SOX2 
in the progression of ESCC tumor, possibly facilitating 
their deeper tissue infiltration. Chai et al.’s cellular study (33)  
discovered a substantial enhancement in migration, 
invasion, and cisplatin chemoresistance of ESCC cells 
as a result of SOX2 overexpression. This is in alignment 
with the observations made in this study. There was no 
discernible correlation between SOX2 positive expression 
and OS in ESCC patients noted in this study. However, 
we found that among the patients whose 5-year follow-up 
outcome was death, there were 34 cases of positive SOX2 
expression (34/51, 66.7%) and 17 cases of negative SOX2 
expression (17/51, 33.3%), suggesting that the number 
of SOX2-positive expression cases was higher among the 
death cases. This suggests a stage-dependent effect of 
protein expression of SOX2 on the prognosis of patients 
with esophageal squamous carcinoma; stage IV patients 
were not included in this study, and it is hypothesized that 
the difference in the effect of SOX2 expression on 5-year 
survival may be statistically significant with the inclusion 
of a sample size of clinical tissues in the advanced stages 
of progression. The prognostic value of SOX2 remains 
a topic of contention. A separate study involving 113 
ESCC patients revealed that low SOX2 expression is an 
independent factor associated with poor prognosis in ESCC 
patients (34). Conversely, it has been proposed that high 
SOX2 expression fosters ESCC migration and invasion, and 
is an independent risk factor for OS in ESCC patients (21).  
We will also further investigate the issue of differential 
expression of SOX2 between in situ and invasive carcinomas 
in ESCC, aiming to discover the mechanistic role of SOX2 
in promoting tumor infiltration in ESCC, leading to tumor 
progression.

The objective of this investigation was to ascertain the 
ideal threshold value for CD44/SOX2 and to create and 
corroborate a CD44/SOX2-based nomogram prognostic 
model tailored for individual ESCC patients. Typically, 
the predictive efficacy of nomogram models is evaluated 
using discrimination and calibration methods (35-37). 
The evaluation of nomograms was conducted through 
calibration curves, illustrating the congruence between 
actual and anticipated clinical results. Patients with ESCC 
expressing both CD44 and SOX2 indicators were found 
to have a poorer prognosis. Multifactorial Cox analysis 

results identified the co-expression of CD44/SOX2 as an 
independent risk determinant for OS prognosis in ESCC 
patients, suggesting the potential use of this CSCs marker 
combination as a prognostic indicator. Further empirical 
validation is necessary to establish the clinical utility of 
CD44/SOX2 co-expression as a prognostic factor, which 
would require a larger sample size. 

According to multifactorial Cox analysis results, C-index 
for the construction of a nomogram prediction model that 
includes CD44/SOX2, pathological T-stage, and lymph 
node metastasis in this study was 0.691 (95% CI: 0.656–
0.727). Both the C-index and ROC curves demonstrated 
the nomogram’s robust individual predictive capacity for OS 
in ESCC patients. A total nomogram score exceeding 100 
could be categorized as a high-risk group with a 5-year OS 
rate of 7.1%.

Our findings confirm the efficacy of the predictive 
nomogram model as a swift, intuitive, and precise tool for 
predicting individual OS rates. The nomogram-based risk 
stratification approach exhibited strong discriminatory 
effects. A risk stratification system was developed based 
on the nomogram model to distinguish between patients 
exhibiting varying mortality risk levels. When juxtaposed 
with the AJCC staging system, the 5-year OS curves for 
the low/high-risk groups using the nomogram prediction 
model demonstrated significant divergence. However, this 
divergence was not observed among clinical stages. As a 
result, the ESCC prediction model outperformed the AJCC 
staging system in predicting OS, with the latter providing 
more precise treatment guidance. Individuals with an 
elevated risk of ESCC appear to be inadequately served 
by existing radical therapies. There is an urgent need to 
develop and implement more intensive treatment plans to 
enhance patient prognosis.

Our study, while comprehensive, is not without its 
limitations. The first limitation stems from the fact that 
we utilized retrospective analysis to conduct our research, 
inevitably introducing treatment selection bias. To confirm 
the prognostic accuracy of ESCC prediction models, a 
future study should be prospective and randomized. The 
second limitation pertains to the narrow scope of our study, 
which focused solely on ESCC patients who underwent 
surgical procedures. This resulted in a relatively small 
sample size, excluding patients with distant metastases. 
To address this, future studies conducted by our team will 
incorporate a larger sample size and encompass a broader 
range of patient conditions. This will aid us in constructing 
a more comprehensive column-line diagram, showcasing 
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the composition of prognostic factors in greater detail.

Conclusions

CSCs markers ,  CD44 and SOX2,  are  s ignif icant 
contributors to the tumorigenesis and progression of 
ESCC, respectively. CD44 is instrumental in early tumor 
development, making it a valuable early warning indicator, 
while SOX2 facilitates ESCC invasion. Furthermore, the 
co-expression of CD44 and SOX2 is strongly correlated 
with patient outcomes.

In this research, we have successfully developed a 
nomogram that integrates CD44 and SOX2 for the accurate 
prediction of OS in ESCC patients. This innovative tool 
not only offers a reliable clinical reference for precise 
OS prediction in ESCC patients, but also facilitates the 
stratification of high-risk individuals. Furthermore, it lays 
a solid foundation for directing clinical interventions and 
enhancing therapeutic strategies.
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