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Abstract. The expression of cancer stem cell (CSC) markers
adversely affect the survival prognosis of patients with
hepatocellular carcinoma (HCC), but it is not clear which
cancer stem cell marker has the best predictive effect on the
survival prognosis and diagnostic value indicators of patients
with HCC. Therefore, the present study performed a network
meta-analysis to compare the prognostic and diagnostic
value of the expressions of several CSC markers for patients
with HCC and to identify the most efficient CSC marker.
Studies on the associations of positive CSC markers with
the overall survival (OS) rate, disease-free survival (DFS)
rate, recurrence-free survival (RFS) rate, recurrence rate,
differentiation, microvascular invasion and metastasis in
patients with HCC were included in the network meta-analysis
following searches on the PubMed, Embase, Elsevier and
The Cochrane Library databases from January 1, 2013 to
November 17, 2023. The Quality Assessment of Diagnostic
Accuracy Studies-2 tool was used to assess the quality assess-
ment of studies, and R (version 4.3.1), Stata (version 15.0) and
Review Manager (version 5.3) were used for analysis. A total
of 37 studies involving 3,980 participants were included. For
patients with HCC, simultaneous positivity of cytokeratin 19
(CK19) and epithelial cell adhesion molecule (EpCAM) was
the strongest predictor of the OS rate [surface under the cumu-
lative ranking curve (SUCRA), 78.65%], positive keratin 19
(K19) was the strongest predictor of the RFS and DFS rates
(SUCRA, 98.93 and 84.95%, respectively), and simultaneous
positivity of EpCAM and cluster of differentiation (CD)90
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was the strongest predictor of the recurrence rate (SUCRA,
5.61%). In addition, positivity of CD56, K19 and CD133 had
the best diagnostic efficacy for poor differentiation [supe-
riority index, 7.4498; 95% confidence interval (CI): 0.3333,
13.0000], microvascular invasion (superiority index, 8.4777,
95% CI: 0.2308, 17.0000), and metastasis (superiority index,
5.6097; 95% CI: 0.3333, 11.0000), respectively. In conclusion,
no single CSC marker possessed the best predictive effect on
all indexes of survival prognosis and diagnosis of patients with
HCC. In terms of survival prognosis, simultaneous positivity
of CK19 and EpCAM demonstrated the strongest predictive
effect on the OS rate, suggesting an association with a low OS
rate in patients with HCC; positive K19 revealed the strongest
predictive effect on the RFS rate and DFS rate, suggesting an
association with low RFS and DFS rates in patients with HCC;
and simultaneous positivity of EpCAM and CD90 had the
strongest predictive effect on the recurrence rate, suggesting
a high recurrence rate in patients with HCC patients. In terms
of diagnostic value, CD56, K19 and CD133 were the strongest
predictors of poor differentiation, microvascular invasion and
metastasis, respectively. In the future, well-designed random-
ized controlled trials are required to further confirm these
findings.

Introduction

Hepatocellular carcinoma (HCC) is a common malignancy of
the liver with a poor prognosis. In 2020, there were 906,000
new cases and 830,000 deaths of HCC worldwide. In 2023, it
was estimated by the North American Association of Central
Cancer Registries that 41,210 cases of HCC were newly
diagnosed in the United States, with a morbidity rate that has
tripled over the past four decades (1). Currently, HCC is the
third leading cause of cancer-related deaths and the sixth most
common cancer worldwide (2).

Due to a lack of early symptoms of HCC, prompt diagnosis
and treatment fail to be provided, and most patients have an
advanced stage of the disease and have developed liver or
distant metastasis at the time of initial diagnosis. Furthermore,
only 20-30% of patients are suitable for surgical intervention,
and the postoperative recurrence rate is also as high as ~70%
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among patients with early-stage HCC undergoing surgical
resection (3). Therefore, early identification of patients with
HCC is of great importance due the poor responses to late
treatment. In the past few decades, alpha-fetoprotein (AFP) has
been commonly used as a marker for early screening of HCC,
and has become the most widely used biomarker for HCC (4).
However, due to its low sensitivity and specificity for detecting
HCC, the clinical effectiveness of AFP remains controversial.
AFP serves as the most common tumor marker for the diag-
nosis of liver cancer, but its diagnostic efficacy still cannot
meet the clinical needs. Many patients with liver cancer have
a low AFP level, whilst certain people with a high AFP level
do not develop liver cancer, thus often leading to misdiagnosis
or missed diagnosis to a certain extent. Therefore, it is crucial
to use new markers with satisfactory levels of sensitivity and
specificity to assist in early detection (5).

Cancer stem cells (CSCs) are one of the chief culprits of
recurrence and metastasis of HCC. CSCs are a small subpopu-
lation of cancer cells with strong stemness within tumors that
serve a critical role in tumor heterogeneity, tumorigenesis,
tumor recurrence, metastasis and resistance to anticancer
therapy (6). Mounting evidence suggests that tumor cells with
stemness, namely liver CSCs (LCSCs), are present in HCC,
and liver stem cells are transformed into LCSCs during the
long-term inflammatory process induced by factors such as
chronic viral infection or alcohol (7-9). CSC markers are the
basis of the cellular and signaling functions of LCSCs, which
are essential for isolating CSCs, analyzing their biological
characteristics, and using them for targeted therapy. Cluster
of differentiation (CD)133, CD44, CD90 and epithelial cell
adhesion molecule (EpCAM) are common CSC markers (10).
Recent studies have assessed the potential of LCSC markers
in HCC diagnosis, prognostic prediction and new therapy
development. For example, Tseeleesuren et al (11) reported
that CD133 positivity reduced the overall survival (OS) rate
of patients with HCC. Moreover, Sekar et al (12) reported that
EpCAM-targeted therapy enhanced chemotherapy sensitivity
to cisplatin, EpCAM-targeted therapy plus cisplatin delayed
the progression of EpCAM-positive HCC, and LCSC-targeted
chemotherapy drugs improved the OS rate of patients with
HCC. In summary, certain potential prognostic biomarkers
and new therapeutic targets of HCC may be identified by
analyzing the aforementioned markers.

It remains unclear as to which CSC marker has the
greatest effect on clinical diagnosis and prognostic prediction.
Therefore, the present study performed a network meta-anal-
ysis (NMA) to assess the diagnostic value of CSC markers
for HCC and their associations with prognosis. The analysis
aimed to elucidate one or a combination of CSC markers with
the highest value for the diagnosis and prognostic prediction of
HCC, and to provide valuable information for early diagnosis
and prognostic prediction of HCC.

Materials and methods

Design and registration. The reporting of the present NMA
conformed to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement (13). The present study
was registered in the International Prospective Register of
Systematic Reviews (identifier no. CRD42024504192).

Search methods. A total of two investigators (ZO and JY)
independently searched PubMed (https://pubmed.ncbi.
nlm.nih.gov/), Embase (https://www.embase.com/), the
Cochrane Central Register of Controlled Trials (https://
www.cochranelibrary.com/central) and Web of Science
(https://www.webofscience.com) from January 1, 2013 to
17 November, 2023, without restrictions on the type of litera-
ture, date/time and publication status. The keywords from the
Medical Subject Headings (https:/libres.csu.edu.cn/vpn/249/
https/P75Y PLUPMNSGTLUPNSXT65UINAYGP55X /mesh),
including ‘Hepatocellular Carcinoma’, ‘Liver Neoplasms’,
‘Neoplastic Stem Cells’, ‘AC133 Antigen’, ‘Thy-1 Antigens’,
‘Epithelial Cell Adhesion Molecule’ and ‘Hyaluronan
Receptors’, were used for literature retrieval. At the same time,
the references of the literature were searched to prevent the
omission of any relevant literature. The search strategies are
provided in Data S1.

Inclusion and exclusion criteria. The inclusion and exclusion
criteria were defined in strict accordance with the Population,
Intervention, Comparison, Outcomes and Study design
principles (14). Eligible studies were those in which patients
with HCC had a cancer stem cell marker test and reported
a correlation analysis of survival prognosis or diagnostic
value. Only published cohort studies were considered. The
study inclusion criteria were as follows: i) All patients were
diagnosed with HCC; ii) all patients were tested for CSC
markers; iii) diagnoses of HCC were confirmed through
liver histopathological examinations; iv) =1 of the following
outcomes were reported: OS, recurrence-free survival (RFS)
and disease-free survival (DFS), as well as diagnostic data
on metastasis, differentiation and microvascular invasion,
including true positive, false positive, true negative and false
negative; and v) studies published in the English language. The
exclusion criteria were as follows: i) studies with patients with
cancers other than HCC; ii) studies that did not involve the
specific LCSC markers; iii) unclear criteria for diagnosis and
efficacy; iv) review articles, case reports, animal experiments,
conference summaries, guidelines, letters, opinion articles and
meeting abstracts; v) incomplete or erroneous data that could
not be extracted; and vi) studies published prior to 2013.

Study selection. According to the predefined inclusion and
exclusion criteria, two investigators (ZO and JY) indepen-
dently selected the studies. All potentially relevant studies
were imported into EndNote X9 (https://www.endnote.com/)
to remove duplicate publications. The titles and abstracts were
then screened to exclude ineligible ones. Preliminary eligible
studies were searched and further read in full to select the
final eligible studies. Disagreements were resolved through
discussion or consultation with a third investigator (JH).

Data extraction. The following data were extracted from the
eligible studies: First author, publication year, country, popula-
tion source, sample size, age, types of CSC markers, detection
methods, number of positive cases, number of negative cases,
average follow-up time, and outcome indicators including
0OS, RFS, DFS, differentiation, vascular invasion, metastasis,
sensitivity, specificity and summary receiver operating char-
acteristic (SROC) curves. The data were extracted by two
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investigators (ZO and JY) and further checked for accuracy by
a third investigator (JH).

Quality assessment. The Newcastle-Ottawa Scale (NOS)
(http://www.ohri.ca/programs/clinical _epidemiology/oxford.asp)
was used for quality assessment of the studies included in the
prognostic analysis. The NOS mainly covers eight questions in
three domains, with a full score of 2 points for comparability
and 1 point for the other seven questions. A study with a total
score of 7-9 points was considered to be high-quality, and a
total score of 4-7 points was defined as medium-quality. After
the assessment was completed, cross-checking was performed
by two investigators. If there was a disagreement, a third
investigator assisted in the adjudication process. Quality
Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2;
www.quadas.org), a revised tool for the quality assessment of
diagnostic accuracy studies, was used to independently assess
the risk of bias in the included studies and the applicability of
their results (15). In the case of disagreement, a consensus was
reached through discussion. Quality assessment was performed
on all aspects of the studies, including participant profiles, index
tests, target conditions, reference criteria, process and timing.
Missing participant data was considered a high risk of bias in
the study. If at least one domain of QUADAS-2 was judged to
be high risk, the study was judged to be at high risk of bias.

Data synthesis and statistical analysis. Statistical models
based on the Bayesian framework were established using the
JAGS software (version 4.3.1, https://sourceforge.net/projects/
mcmc-jags) in R (version 4.3.1; RStudio; Posit Software, PBC).
The probabilistic-based Bayesian meta-analysis can reduce
the interference of confounding factors on the results and
produce stable results. Therefore, NMA on the prognosis was
performed using the Bayesian model (16). The hazard ratio
(HR) with a 95% confidence interval (CI) was calculated for
continuous data to assess their survival and prognostic values.
Random-effects models were used for all NMAs as the studies
included were clinically heterogeneous (namely, different
countries, clinical stages, histological grades, basic physical
conditions and anticancer treatments). The surface under the
cumulative ranking curve (SUCRA) was used to estimate the
relative ranking of different CSC markers in each outcome
of interest (17). The higher the SUCRA value, the higher the
probability that a marker was in the top rank (17), and the
corresponding league tables were generated to compare the
differences in effects among markers. In addition, the consis-
tency and inconsistency models were compared using the
deviation information criterion (DIC). If there were <5 points
of difference in the DIC, the consistency was considered to
be good and the consistency model was used (18). Publication
bias was detected using comparison-adjusted funnel plots.
Network plots and comparison-adjusted funnel plots of NMA
were plotted by Stata (version 15.0; StataCorp LP). In addition,
the CSC marker that had the most accurate predictive effect
was assessed using an NMA-diagnostic test (NMA-DT) based
on the ANOVA model. As more stable results can be obtained
using Bayesian ANOVA models, the diagnostic perfor-
mance of different CSCs was compared using the ANOVA
model (19). The diagnostic value of markers was evaluated
using their sensitivity, specificity and 95% CI. The diagnostic
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value of several markers was compared with the reference
standard simultaneously at different thresholds by NMA-DT
using R software (version 4.3.1; http://www.R-project.org; The
R Foundation). The relative sensitivity and specificity of CSC
markers were evaluated against standard diagnostic methods,
and these CSC markers were ranked based on the diagnostic
odds ratio (DOR) and superiority index. The higher the DOR
and superiority index, the higher the accuracy of CSC markers.
Review Manager (version 5.3; https://training.cochrane.org/
online-learning/core-software/revman) was used to calculate
the area under the SROC curve. Literature heterogeneity was
considered during Bayesian modeling, and thus the impact
of heterogeneity was reduced by the random-effects model
in the analysis (20). The funnel plot has the advantages of
intuitiveness, detection of publication bias, identification of
heterogeneity, and enhancement of conclusion reliability and
credibility (21). Therefore, publication bias was presented
using the funnel plot.

Results

Search results. Initially, a total of 10,015 potentially relevant
studies were identified from the four aforementioned elec-
tronic databases. After 3,206 duplicate studies were excluded,
the title and/or abstract of each study was screened based on
the inclusion and exclusion criteria, following which 6,733
studies were excluded. The remaining 76 studies were further
assessed for eligibility by reading their full texts; however,
the full text of three studies could not be found so these were
subsequently excluded. Furthermore, 36 studies were excluded
as they did not report the number of positive cases (n=14), did
not use the correct grouping method (n=1), did not specify the
type of CSCs (n=4), and lacked data (n=18). Ultimately, 37
studies were deemed eligible and incorporated into the NMA.
Fig. 1 details the study selection procedure.

Characteristics of included studies. Among the 37 eligible
studies published between 2013 and 2023, there were six multi-
center studies (22-27) and 31 single-center studies (11,28-57).
Of the 3,980 patients involved, men and women accounted
for 79.31 and 20.69%, respectively. A total of 30 studies
were performed in Asia (11,22,23,27-30,33-35,37-49,51-57),
five in Europe (24-26,31,50), one in America (36), and one
in Africa (32). A total of 15 CSC markers were involved.
EpCAM was reported in 25 studies (11,22-24,26-32,34-37,
39,42-44,46,48-50,53,57), CD133 in 11 studies (11,30,38,40,
41,43,44,48,51,54,56), CD44 in two studies (41,52), CD90 in
four studies (29,45,47,51), CD56 in three studies (22,44 ,48),
CK19 in five studies (23,27,35,44,53) and keratin 16 (K19) in
three studies (48-50). The methods used to test CSC markers
involved immunohistochemistry, reverse transcription-quanti-
tative PCR, fluorescence-activated cell sorting and peripheral
blood testing. Furthermore, the mean age and mean follow-up
time were statistically analyzed. Table SI presents the charac-
teristics and details of each study included in the NMA.

Quality assessment. There was no sufficient information
used to judge the index tests in several studies (20,21,33,35,
36,40,44,51), which were assessed as at unclear risk of bias.
In several studies (21,30,37,39,41), the risk assessment of bias
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for the search and selection of eligible studies included in the
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Figure 2. Bar chart overview of the risk of bias assessment using the QUADAS-2.
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Figure 3. Risk of bias rating for each study of the risk of bias assessment
using the QUADAS-2.

was not clear, so there was insufficient information to judge
whether blind interpretation of the reference criteria results
was used. The overall quality of the included studies was
favorable (Figs. 2 and 3).

NMA

Survival prediction. i) OS. A total of 20 studies involving
2,400 patients assessed the associations between 10 CSC
markers and OS. Compared with negative CSC markers, the
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HR (95% CI) of CD133, EpCAM and K19 were 1.67 (1.03,
2.75), 1.57 (1.03, 2.49) and 3.07 (1.15, 8.28), respectively, indi-
cating that CD133, EpCAM and K19 positivity were notably
associated with OS. Furthermore, according to the SUCRA
value, simultaneous positivity of CK19 and EpCAM was the
strongest predictor of OS (SUCRA, 78.65%; Figs. 4 and S1).

ii) RFS. A total of 10 studies involving 1,258 patients
assessed the associations between seven CSC markers and
RFS. Compared with negative CSC markers, the HR (95% CI)
of CD133, EpCAM and K19 were 1.75 (1.01, 3.04), 1.65 (1.17,
2.39), and 7.84 (2.35, 26.15), respectively, indicating that
CD133, EpCAM and K19 positivity were notably associ-
ated with RFS. Moreover, according to the SUCRA value,
K19 was the strongest predictor of RFS (SUCRA, 98.93%;
Figs. 5 and S2).

iii) DFS. A total of five studies involving 608 patients
assessed the associations between five CSC markers and DFS.
Compared with negative CSC markers, the HR (95% CI)
of EpCAM was 2.39 (1.04, 6.57), indicating that EpCAM
positivity was notably associated with DFS. Furthermore,
according to the SUCRA value, K19 was the strongest
predictor of DFS (SUCRA, 84.95%; Figs. 6 and S3).

iv) Recurrence. A total of 11 studies involving 1,258 patients
assessed the association between 10 CSC markers and
recurrence. Compared with negative CSC markers, the HR
(95% CI) of EpCAM and CD90 were 2.54 (1.15, 5.2) and 27.1
(1.13, 647.1), respectively, indicating that EpCAM and CD90
positivity were notably associated with recurrence. Moreover,
according to the SUCRA value, simultaneous positivity of
EpCAM and CD90 was the strongest predictor of recurrence
(SUCRA, 5.61%; Figs. 7 and S4).

Diagnostic prediction. CD56 had the highest superiority
index for predicting poor differentiation (7.4498; 95% CI:
0.3333, 13.0000), and its corresponding sensitivity, specificity
and DOR values were 41.84% (95% CI: 14.01-71.10), 80.61%
(95% CI: 60.57,96.17) and 4.9086 (95% CI: 0.5793, 21.2615),
respectively (Fig. 8; Table I). K19 had the highest superiority
index for predicting microvascular invasion (8.4777; 95% CI:
0.2308, 17.0000), and its corresponding sensitivity, specificity
and DOR values were 79.60% (95% CI: 44.80, 98.64), 61.19%
(95% CI: 42.11,77.00) and 22.6900 (95% CI: 1.1803, 122.8203),
respectively (Fig. 9; Table II. The superiority index of CD133
was the highest for predicting metastasis (5.6097; 95% CI:
0.3333, 11.0000), with sensitivity, specificity and DOR values
of 35.95% (95% CI: 15.48, 59.44), 81.19% (95% CI: 61.60,
93.76) and 3.2171 (95% CI: 0.7013, 10.0291), respectively
(Fig. 10; Table III). The forest plots of the aforementioned
results are presented in Figs. S5-7.

Assessment of consistency and publication bias. The consis-
tency and inconsistency models were compared using DIC.
Good consistency with DIC was indicated by <5 points of the
difference in all closed-loop models. In addition, no evidence of
publication bias was demonstrated in the comparison-adjusted
funnel plots (Figs. 11-14).

Discussion

In the present study, literature involving both HCC and CSC
markers was retrieved, and 37 studies that met the inclusion
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Figure 4. Expression of several cancer stem cell markers in comparison with overall survival. (A) Network diagram. (B) League table. CD, cluster of differen-
tiation; CK, cytokeratin; EpCAM, epithelial cell adhesion molecule; K19, keratin 19.
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CK, cytokeratin; EpCAM, epithelial cell adhesion molecule; K19, keratin 19; ESM 1, endothelial cell-specific molecule 1.
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Figure 8. Receiver operating characteristic curves of the expression of
poorly differentiated cancer stem cell markers. CD, cluster of differentiation;
CK, cytokeratin; EpCAM, epithelial cell adhesion molecule.
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cancer stem cell markers for microvascular invasion. CD, cluster of differ-
entiation; CK, cytokeratin; EpCAM, epithelial cell adhesion molecule; K19,
keratin 19; OV6, oval cell marker 6.

criteria were subjected to NMA. It was demonstrated that, in
terms of survival prognosis, simultaneous positive CK19 and
EpCAM had the strongest predictive effect on OS, indicating
that patients with CK19 and EpCAM positive HCC had a
lower OS rate. K19 positivity also had the strongest predictor
of RFS and DFS, suggesting that low rates of RFS and DFS
in patients with HCC were associated with K19 positivity.
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Figure 10. Receiver operating characteristic curves of the expression of
several cancer stem cell markers for metastasis. CD, cluster of differentiation;
CK, cytokeratin; EpCAM, epithelial cell adhesion molecule; K19, keratin 19.

Moreover, simultaneous positivity of EpCAM and CD90 had
the strongest predictive effect on the recurrence rate, indicating
that patients with CD90 positive HCC had a higher recurrence
rate. In terms of diagnostic value, CD56, K19 and CD133 were
the strongest predictors of poor differentiation, microvascular
invasion and metastasis, respectively. In summary, CSC
markers may have a certain diagnostic or predictive value in
patients with HCC.

The association between the CSC markers CK19, CD133
and EpCAM with the prognosis of patients with HCC has
been assessed in previous studies. For example, the asso-
ciation between CK19 overexpression with decreased OS was
reported in a meta-analysis of 2,943 patients with HCC (58).
Nuclear transcription factors (spalt-like transcription factor
4, activator protein 1 and activator protein 1) activate the
CK19 promoter in response to extracellular stimuli that are
transmitted to the cytoplasm via the TGF-, MAKP/JNK
and MEK-ERK1/2 signaling pathways, further inducing the
CK19 expression-associated regulatory network (59). The
Wnt/B-catenin pathway has been reported to be one of the
most important pathways associated with CSC markers,
including CD133 and EpCAM, which triggers angiogenesis,
tumor invasion and metastasis by enhancing the secretion
of angiogenic factors (10). EpCAM is involved in several
biological processes of tumors, such as proliferation, inva-
sion, tumorigenesis and metastasis, primarily through the
Wnt/B-catenin pathway and other pathways (60). Ma et al (61)
performed a meta-analysis that reported that CD133 and
EpCAM were notably associated with a low survival rate,
including OS and DFS rates, which is consistent with the
findings in the present study. Furthermore, the present study
revealed that positivity of CD133 and EpCAM could predict
the survival rate of patients with HCC.
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Table III. Summary of calculation results of metastasis.

Specificity DOR Superiority Relative sensitivity Relative specificity

Sensitivity

Factor

1.0000 (1.0000-1.0000)

1.0000 (1.0000-1.0000)
1.1107 (0.4816-1.9226)
1.3327 (0.2223-3.0957)
0.9414 (0.4468-1.7433)
0.4461 (0.0001-2.0763)
0.4417 (0.0001-1.9755)

3.0422 (0.3333-9.0000)
5.6097 (0.3333-11.0000)

1.7251 (0.6697-3.3949)
3.2171 (0.7013-10.0291)

0.7584 (0.6061-0.8635)
0.8119 (0.6160-0.9376)
0.5746 (0.1655-0.9088)
0.7111 (0.4293-0.8661)
0.7051 (0.3619-0.9237)
0.6964 (0.3587-0.9231)

0.3342 (0.1960-0.5030)
0.3595 (0.1548-0.5944)
0.4204 (0.0760-0.8371)
0.3104 (0.1266-0.5686)
0.1451 (0.0001-0.6825)
0.1434 (0.0001-0.6577)

EpCAM
CDI133

1.0760 (0.8516-1.3590)
0.7645 (0.2204-1.2865)
0.9388 (0.5847-1.1276)
0.9313 (0.4836-1.2655)
0.9199 (0.4848-1.2727)

17618 (0.1111-9.0000)
1.8452 (0.1429-7.0000)
1.1619 (0.0910-7.0000)
1.0187 (0.0910-7.0000)

1.8698 (0.0967-9.3034)
1.4105 (0.2703-3.8446)
1.0569 (0.0001-7.4208)
0.9043 (0.0001-6.1399)

CD13

OU et al: VALUE OF EXPRESSION OF CANCER STEM CELLS OF HCC

CK19
K19

CD117

CD, cluster of differentiation; CK, cytokeratin; EpCAM, epithelial cell adhesion molecule; K19, keratin 19; DOR, diagnostic odds ratio.

Kawali et al (62) reported that K19-positive cells are impli-
cated in epithelial-mesenchymal transition (EMT) and TGF-f/
Smad signaling, and that TGF-p/Smad signaling confers a
high proliferation capacity in K19-positive cells. K19-positive
patients with HCC were also reported to have a higher TGFfR1
expression and shorter RFS than K19-negative patients.
Yokomichi et al (63) also reported that the RFS rate was
lower in K19-positive patients with HCC than in K19-negative
patients with HCC, suggesting a poor prognosis resulting from
extrahepatic recurrence. Bae et al (64) reported that K19 is
a prognostic factor for HCC as its expression is related to a
high tumor grade and high AFP levels. They concluded that
K19 positivity was notably associated with a worse prognosis
in HCC. Moreover, Kim et al (65) reported that K19-positive
patients with HCC had markedly increased expressions of
EMT-related proteins and mRNAs, with stronger tumor inva-
siveness, in comparison with K19-negative patients with HCC,
and K19 positivity was an important independent predictor of
a low DFS rate in patients with HCC. These results are consis-
tent with the findings in the present study, which indicated that
K19 positivity could predict the RFS and DFS rates of patients
with HCC.

EpCAM is considered to be the most representative
marker of LCSC, and EpCAM-positive HCC cells exhibit
stem cell-like characteristics, including self-renewal, differ-
entiation, strong invasiveness and tumorigenicity (66).
Shousha et al (67) reported that the baseline and post-treatment
levels of serum EpCAM were higher in patients with recur-
rence, suggesting that EpCAM positivity was associated with
recurrence in patients with liver cancer. Luo et al (68) reported
that the Notch pathway may enhance the CSC characteristics
of CD90-positive CSCs, increasing the recurrence rate of
CD90-positive patients with HCC, which is associated with a
poor prognosis of HCC. Moreover, the Notch signaling pathway
is an evolutionarily conserved pathway that can facilitate
self-renewal, differentiation, proliferation, survival, angiogen-
esis and migration of CSCs (68). In the present study, NMA on
the association between the expression of CSC markers and
HCC recurrence was performed, and it was demonstrated that
EpCAM positivity and simultaneous positivity of EpCAM and
CD90 could predict the recurrence rate in patients with HCC,
similar to the findings of Shousha et al (67) and Luo et al (68).
The findings further provide a reliable basis for the prediction
of HCC recurrence by EpCAM positivity and simultaneous
positivity of EpCAM and CD90.

The present study revealed that CD56 had the highest supe-
riority index for predicting poor differentiation, with higher
sensitivity and specificity. Liu et al (69) reported that CD90
had higher tissue specificity in HCC and higher sensitivity in
predicting poorly differentiated HCC than CD133, EpCAM
and CD44. This is a potentially promising target for patient
classification and differentiation therapy, and the findings of
Liu et al are inconsistent with the results of the present paper.
Moreover, Liu et al analyzed the effect of four CSC markers,
CD90, CD133, EpCAM and CD44, on poor differentiation in
HCC, and the present study analyzed the effect of seven CSS
markers, CD56, CK19, CD90, CD13, CD133, EpCAM and
CD44, on poor differentiation in HCC. Subsequently, the supe-
riority indexes of the four CSC markers included in the study
of Liu er al were further compared. CD133 had the highest



IS>8BAI¥C]?A!I‘II)O?\I§ ONCOLOGY LETTERS 28: 536, 2024 11

Standard error of effect size

0.5

T T T T
-2 -1 0 1 2

Effect size centred at comparison-specific pooled effect (y;y, —4y)

@ K19 vs negative @ CD13 vs negative @ CD133 vs negative @ CD155 vs negative
® CD44 vs negative @ CD90 vs negative @ CK19 vs negative CK19_EpCAM_uPAR_ezrin vs negative
@ EpCAMvs negative @ Epcam_CD133 vs negative

Figure 11. Funnel plot of the expression of several cancer stem cell markers for overall survival. CD, cluster of differentiation; CK, cytokeratin; EpCAM,
epithelial cell adhesion molecule; K19, keratin 19.
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Figure 12. Funnel plot of the expression of several cancer stem cell markers for recurrence-free survival. CD, cluster of differentiation; CK, cytokeratin;
EpCAM, epithelial cell adhesion molecule; K19, keratin 19.
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superiority index in the present study. Such a difference may
be attributed to the incomplete conformity in the types of
CSC markers: Namely, the present study assessed more types
of CSC markers, whereas CD56 was not studied by Liu ez al.
Moreover, the analytical methods were different: A direct
comparison was made by Liu er al whereas a pooled analysis
was performed by both direct and indirect comparisons in
the present study, so that the CSC markers that were the most
effective in predicting poor differentiation could be identified.
In addition, the differences in the findings may be due to the
heterogeneity of the study populations, which were not the
same in the two studies, with differences between individuals
within the populations in terms of sex, age, disease duration
and tumor stage.

Kim et al (65) reported that microvascular invasion
occurred more frequently in K19-positive patients than in
K19-negative patients with HCC. In the present study, K19 was
demonstrated to be the strongest predictor of microvascular
invasion, consistent with the view of Takano et al (70), which
reported that K19 was associated with HCC progression and
adverse clinical outcomes by directly enhancing cancer cell
survival, invasion and angiogenesis. In the present study,
K19 positivity was associated with microvascular invasion in
patients with HCC, consistent with the results by Takano et al
and Kim et al which reported that K19 expression was
positively associated with tumor angiogenesis and invasion.
Therefore, K19 is a possible new target for the treatment of
K19-positive HCC.

TGF-f can activate the expression of CD133, and inhibit
the expressions of DNA methyltransferase (DNMT)1
and DNMT?3, thereby maintaining DNA methylation.
TGF-p-induced CD133-positive cells may initiate tumor devel-
opment in vivo (71). Yan et al (72) reported that CD133-positive
HCC cells possessed stronger migration and invasion capacity
in vitro,and enhanced metastasis capacity in vivo and in human
HCC specimens. In the present study, the results revealed that
CD133 was the strongest predictor of metastasis; however,
Zhong et al (73) reported that the expression of CD133 was not
associated with metastasis. The reason for such a difference
may be attributed to different study populations, regions, time
and analytical methods. Therefore, it is suggested that further
studies are performed to confirm the clinical significance of
these CSC markers in the diagnosis and prognostic prediction
of patients with HCC.

To the best of our knowledge, the NMA in the present study
is the first to compare the diagnostic value of CSC markers
for HCC and their associations with survival prognosis, and
identify the CSC marker with the best predictive effect by
indirect comparisons. The findings provide valuable informa-
tion for the diagnostic value of CSC markers for HCC and
their associations with survival prognosis. However, the NMA
has certain limitations: i) The accuracy and applicability of
the findings may be affected due to the limited number of
studies on certain outcome measures and CSC markers; ii) the
follow-up time varied greatly across studies, and no subgroup
or regression analysis could be performed due to the limited
number of studies; and iii) the present study was restricted
only to studies published in English, thus introducing selec-
tion bias. Therefore, more high-quality randomized controlled
trials are required to confirm the findings of the present study.
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In conclusion, no single CSC marker possesses the best
predictive effect on all indexes of survival prognosis and
diagnostic value of patients with HCC. In terms of survival
prognosis, simultaneous positivity of CK19 and EpCAM
displayed the strongest predictive effect on the OS rate, indi-
cating that it was associated with low OS rate in patients with
HCC; K19 positivity displayed the strongest predictive effect
on the RFS and DFS rates, indicating that it was associated with
low RFS and DFS rates in patients with HCC; simultaneous
positivity of EpCAM and CD90 had the strongest predictive
effect on the recurrence rate, indicating that it was associated
with high recurrence rate in patients with HCC. In terms of
diagnostic value, CD56, K19 and CD133 were the strongest
predictors of poor differentiation, microvascular invasion and
metastasis, respectively. However, due to certain limitations
of existing clinical studies and evidence, more rigorous study
designs with a larger sample sizes and longer follow-up times
are needed to confirm the aforementioned findings in the
future.

Furthermore, CSC markers possess great potential for
predicting the prognosis of patients with HCC, identifying the
patients at high risk of recurrence and metastasis, providing
targeted therapies, and monitoring the therapeutic response
in patients with HCC. Finally, CSC markers can open up
new roads for targeted therapies in HCC, and the following
directions for future research are suggested: i) The biological
properties of CSC markers; and ii) how to enhance the speci-
ficity of targeted therapies to eliminate CSCs in HCC without
adverse effects on normal cells as CSCs and normal stem cells
in HCC share many similarities.
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