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Objective: Cancer stem cell marker CD44 and its variant isoforms (CD44v) may be
correlated with tumor growth, metastasis, and chemo-radiotherapy resistance. However,
the prognostic power of CD44 and CD44v in advanced cancer remains controversial.
Therefore, the purpose of our study was to generalize the prognostic significance of
these cancer stem cell markers in advanced cancer patients.

Methods: Hazard ratios (HRs) with 95% confidence intervals (95% Cls) were calculated
from multivariable analysis to assess the associations among CD44, CD44v6, and
CD44v9 positivity and overall survival (OS), disease-free survival (DFS), progression-free
survival (PFS), cancer-specific survival (CSS), and recurrence-free survival (RFS). Trial
sequential analysis (TSA) was also conducted.

Results: We included 15 articles that reported on 1,201 patients with advanced
cancer (CD44: nine studies with 796 cases, CD44v6: three studies with 143 cases, and
CD44v9: three studies with 262 cases). CD44 expression was slightly linked to worse
OS (HR =2.03, P =0.027), but there was no correlation between CD44 expression and
DFS, RFS, or PFS. Stratified analysis showed that CD44 expression was not correlated
with OS at >5 years or OS in patients receiving adjuvant therapy. CD44v6 expression was
not associated with OS. CD44v9 expression was closely associated with poor 5-years
CSS in patients treated with chemo/radiotherapy (HR = 3.62, P < 0.001). However, TSA
suggested that additional trials were needed to confirm these conclusions.

Conclusions: CD44 or CD44v9 might be novel therapeutic targets for improving the
treatment of advanced cancer patients. Additional prospective clinical trials are strongly
needed across different cancer types.

Keywords: advanced cancer, CD44v9, prognosis, CD44, therapy

INTRODUCTION

Cancer remains a pressing worldwide health issue (1), although surgery, chemotherapy,
radiotherapy therapy, and targeted molecular therapy have greatly changed clinical outcomes for
cancer patients in recent years. Advanced cancer patients (advanced-stage or metastatic disease)
are resistant to chemotherapy, radiotherapy and targeted therapies (due to secondary mutations).
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Thus, effective treatment strategies for advanced cancer patients
are still limited and disappointing. The prognosis of patients with
advanced cancer remains very poor such as a low 5-years survival
rate (2-6). For all cancers combined, the 5-years survival rate
is >60%. For different cancer types, it varies; for example, the
5-years survival rate is 14% for advanced colorectal cancer and
29% for advanced ovarian cancer (7). Therefore, novel molecular
therapeutic targets to prolong survival in advanced cancer are
warranted and could help physicians to stratify cancer patients.

Increasing evidence has suggested that cancer stem cells
(CSCs) represent a small subset of cancer cells with the major
capabilities of self-renewal and multidifferentiation and may
be responsible for tumor relapse, metastasis, progression, a
poor prognosis, and resistance to chemotherapy or radiation
therapy (8, 9). Several CSC marker molecules, such as CD166,
epithelial cell adhesion molecule (EpCAM) and CD44, have been
identified and have become useful markers in human cancers
(10-12). Among these CSCs, the CD44 family is one of the most
commonly reported markers in cancer.

CD44 was originally described as a hyaluronan and
lymphocyte-homing receptor (13). Exons 1-5 and 16-20
produce the standard form of CD44 and the remaining exons
6-15 encode variant exons 1-10 (v1-v10). The isoform with
none of the 10 variable exons is denoted CD44 standard (CD44s)
and the alternative mRNA splicing of variant isoforms of CD44
are named CD44v. CD44 has been reported to be involved in
the regulation of cell growth, survival, differentiation, motility,
tumor growth, proliferation, and metastasis (14-16). CD44s and
CD44v have overlapping and distinct functions. CD44v contains
additional binding motifs that can contribute to the interaction
of CD44 with molecules in the microenvironment (17). The
pattern of CD44 alternative splicing is differentially regulated
during epithelial-mesenchymal transition (EMT). EMT is an
important step in the metastatic process and the acquisition of
stemness in cancer cells. CD44s is more highly expressed by
EMT CSCs, and CD44v is more highly expressed by non-EMT
CSCs (14, 18). CD44 or CD44v6 expression has been shown to
be correlated with poor overall survival (OS) in gastric cancer
(19), but CD44 or CD44v6 expression has been found to not
be correlated with OS in ovarian cancer (20); these findings
suggest that some prognostic information regarding CD44 is still
conflicting.

The role of CD44 and its isoforms in advanced cancer
patients remains unclear as to which markers may be of value
in determining prognosis. Therefore, we present here the first
systemic meta-analysis and TSA on the relationship of CD44 and
its isoforms expression with clinical outcomes in patients with
advanced cancer.

MATERIALS AND METHODS

Search Strategies

Meta-analysis was performed in accordance with the Preferred
Reporting Items for Systematic Review and Meta-analysis
(PRISMA) statement (21). A systematic literature search was
conducted in the PubMed, EMBASE, EBSCO, Web of Science,
and Cochrane Library databases through April 2018 without

language restrictions. The following key words and search terms
were used as follows: “CD44,” “metastatic OR advanced OR
metastasized OR recurrent;” “cancer OR tumor OR carcinoma
OR neoplasm,” “survival OR outcome OR prognosis.” Moreover,
the references listed in the eligible articles were also manually

searched to avoid the omission of relevant papers.

Selection Criteria

Eligible publications were included when the given eligibility
criteria were satisfied: (1) studies reporting patients with
advanced/metastatic cancer or stage III cancer or stage IV cancer;
(2) studies investigating the prognostic value of the expression of
CD44 and its isoforms using immunohistochemical (IHC) assays;
(3) studies reporting multivariable survival analysis with hazard
ratio (HR) with 95% confidence interval (CI) for overall survival
(OS), disease-free survival (DFS), progression-free survival
(PFS), relapse/recurrence-free survival (RFS), metastasis-free
survival (MFS) or cancer-specific survival (CSS); (4) In the
case of insufficient data, such as only P-value with HR or
only the 95% CI, HR and 95% CI were calculated using the
previously described method (22, 23), or the corresponding
author with an available email was contacted to request the
relevant information. Case reports, reviews, comments, letters,
cell lines, animal studies, articles unrelated to our topic, studies
with no available prognostic data and studies with advanced
cancer patients analyzed using univariable survival analysis
were excluded. We did not include overlapping sample data in
multiple publications from the same research institution.

Data Extraction and Study Assessment

The study assessment was conducted following Reporting
Recommendations for Tumor Marker Prognostic Studies
(REMARK) guidelines (24). The REMARK checklist reported
20 items for published tumor prognostic markers, consisting
of Introduction (1 item), Materials and Methods (10 items),
Results (7 items), and Discussion sections (2 items), with a
maximum score of 40 (Table S1). An item had possible scores
of 0, 1, and 2. An item was given a score of 2 if it described
all aspects of an item, a score of 1 if it reported some aspects
and an item was given a score of 0 when an item was lacking
reporting of any aspect. Multivariable survival analysis adjusted
for potential factors such as traditionally prognostic factors is
more valuable compared to a study that reported a univariable
survival analysis. Therefore, this meta-analysis only included
prognostic information obtained using multivariable analysis.
The following data items were extracted from eligible full-text
papers: first author’s surname, year of publication, number of
patients, study source of patients, mean or median age, tumor
type, detection method, therapy regime, study design, sample
type, cut-off value, median or mean follow-up time, survival rate,
adjusted factors, and clinical outcomes. Any inconsistency was
discussed until a consensus was reached.

Statistical Analysis

Pooled HR and 95% CI were calculated to estimate the prognostic
effect of the expression of CD44 and its isoforms on patients
with advanced cancer, including OS, DES, PFES, CSS, RES, or MES
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4088 Records identified via online databases
11 Additional records identified via a manual search

2049 Records after duplicates excluded

1891 Records excluded

v

Irrelevant title or abstract
Not human samples

158 Full-text papers assessed for eligibility

Records excluded
107 Not advanced cancer or univariate

v

analysis
36 No prognostic outcomes

9 Studies on CD44
3 Studies on CD44v6
3 studies on CD44v9

15 studies identified in this meta-analysis

FIGURE 1 | Flow diagram of the study selection.

using multivariable analysis. A HR >1 showed a worse survival,
whereas an observed HR <1 showed a favorable survival.
Heterogeneity was tested using Cochran’s Q statistic (25), with
P < 0.1 indicating substantial heterogeneity. The random-effects
model (DerSimonian-Laird) was applied to estimate the HR
(26, 27). Subgroup analyses were performed in >8 of the included
studies and publication bias was measured by using the Egger’s
and Begg’s funnel plots (28, 29).

Since the meta-analysis included only a small number of
patients and the associated random errors may cause spurious
results (30, 31), trial sequential analysis (TSA) was performed
to control for random errors and to assess the required
sample information (32). The relative risk reduction (RRR)
of 20% was applied for the minimum intervention effect.
Type I error (o) level of 5%, type II error (B) level of
20% (giving a statistical power of 80%) and the optimal a
priori anticipated information size (APIS) method were used.
Monitoring boundaries were applied to decide whether a trial
could be terminated early. When the cumulative Z-curve passed
through the trial sequential monitoring boundary or required
information size (RIS) boundary, this suggested the evidence
was conclusive and reliable. Otherwise, additional clinical studies
are essential. Meta-analyses were performed by using Stata
software, version 12.0 (Stata Corp., College Station, TX, USA)
and R software, version 3.4.2 (The R Foundation for Statistical
Computing; Vienna, Austria).

RESULTS

Study Characteristics

A flow chart of the literature search strategies is shown in
Figure 1. After carefully reviewing the titles, abstracts and full
text, a total of 1,201 patients with advanced cancer from 15
full text articles published from 1999 to 2018 met the inclusion
criteria and were included in the current meta-analysis (33-47).
Six studies were conducted in Japan, four studies in the USA, two
studies in Germany, one study in Greece, one study in Brazil,
and one study in China. One study was a prospective trial and
the remaining studies were retrospective in design. The mean
REMARK scores were 19, ranging from 14 to 24.

The majority (14 articles) of the eligible 15 articles reported
advanced cancer patients treated with surgery and/or adjuvant
therapy. Nine studies involving 796 advanced cancer patients
evaluated the association between CD44 expression and the
prognosis (34-36, 40, 42-46) and only six studies evaluated 5-
years survival. Three studies assessed the association of CD44v6
expression and 5-years prognosis (33, 38, 39), including 143
cases treated with surgery and/or adjuvant therapy. Three
studies evaluated the correlation between CD44v9 expression
and 5-years prognosis (37, 41, 47), including 262 cases treated
with surgery and chemo/radiotherapy. The characteristics of
the included studies using multivariable survival analysis are
presented in Table 1 and Table S2.
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FIGURE 2 | Forest plot for the association between CD44 expression and overall survival (OS).

Association Between CD44 Expression and

the Prognosis

Five studies with 417 cases were included in the final analysis
of CD44 expression and OS and the pooled data showed that
CD44 expression was associated with worse OS (HR = 2.03, 95%
CI = 1.08-3.79, P = 0.027) (Figure 2), with no obvious evidence
of heterogeneity (P = 0.126).

Further analysis from three studies with 317 cases indicated
that CD44 expression was not associated with OS at > 5 years
(HR = 2.34, 95% CI = 0.89-6.12, P = 0.084) (Figure 2). Data
from four studies with 358 cases receiving adjuvant therapy
showed that no significantly statistical association was observed
between CD44 expression and OS (HR = 1.56, 95% CI = 0.98-
2.50, P = 0.062) (Figure 2).

Only one study with 63 cases reported that CD44 expression
was correlated with poor 5-years CSS (HR = 3.1, 95% CI = 1.2-
8.5) (Figure 3). However, there was no statistical significance
between CD44 expression and DFS, RFS, MFS, or PFS (Figure 3).

Association Between CD44v6 Expression
and the Prognosis

The data from two studies with 93 cases demonstrated
no association between CD44v6 expression and 5-years OS
(HR = 1.74,95% CI = 0.96-3.16, P = 0.07) (Figure 4). One study
involving 50 cases reported a significant association between

CD44v6 expression and poor 5-years PFS (HR = 3.45, 95%
CI = 1.32-10.77) (Figure 4).

Association Between CD44v9 Expression

and the Prognosis

Only one study with 83 cases reported that CD44v9 expression
was linked to poor 5-years RES (HR = 2.92, 95% CI = 1.14-
7.48) (Figure 4). CD44v9 expression was significantly linked to
worse 5-years CSS (HR = 3.62, 95% CI = 1.88-6.94, P <
0.001), including three studies with 262 cases receiving surgery
and chemo/radiotherapy (Figure 4).

TSA

For OS of CD44, the cumulative Z curve did not reach the
sequential monitoring boundary (Figure5), a finding which
indicated that more studies are needed to achieve the required
information size. For CSS of CD44v9, the cumulative Z curve did
not cross the trial sequential monitoring boundary (Figure 6),
which demonstrated that additional studies were needed for
stable conclusions.

DISCUSSION

Although advances in surgical techniques and treatment methods
have been used for advanced cancer patients, the 5-years
survival rate for these patients remains very disappointing. Drug
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FIGURE 3 | Forest plot for the association between CD44 expression and disease-free survival (DFS), progression-free survival (PFS), relapse/recurrence-free survival
(RFS), metastasis-free survival (MFS), or cancer-specific survival (CSS).

resistance and frequent recurrence are the major obstacles to the
treatment of advanced cancers (48, 49). According to the CSC
theory, CSCs contribute to cancer progression, metastasis and
chemotherapy/radiotherapy resistance (50, 51).

To date, CD44s remains the most commonly reported isoform
in cancer, but the other CD44 variants (CD44v) are also
correlated with neoplasia and metastasis in some cancers (52)
CD44 is a frequently observed CSC marker in solid tumors,
and CD44 was revealed to be a major Wnt target, involved in
the Ras-Raf-Mek-Erk-Cyclin D1 pathway, phosphoinositide 3-
kinase (PI3K)-Akt signaling, and the Wnt pathway, as well as
stimulating EMT, which promotes tumor invasion, progression
and metastasis (53-55). Some studies suggest that expression
of total CD44 may be correlated with distant metastasis, tumor
recurrence and a worse prognosis (19, 56, 57). CD44 or
CD44v6 may also play a key role in drug resistance (39, 58,
59).

CD44v6 is one of the most common variants of CD44, and
some meta-analyses have shown that the expression of CD44v6
is related to a poor prognosis in gastric and hepatocellular
carcinomas (60, 61) but is not related to prognosis in ovarian
cancer (20). CD44v9 may be correlated with lymph node/liver
metastasis and tumor stage, and contribute to EMT-mediated
invasion and migration (62, 63). Recent studies suggest that
CD44v9 is associated with increased resistance to chemotherapy

or radiation therapy and a poor prognosis in gastric cancer
(64-66).

Despite numerous studies having investigated whether CD44,
CD44v6, and CD44v9 may be potential prognostic indicators in
many cancers, some findings are controversial. The impact of the
expression of CD44, CD44v6, and CD44v9 on the prognosis of
patients with advanced cancer has not been fully understood.
Therefore, we conducted the first systematic meta-analysis to
reveal the association of CD44 and its isoform CD44v6 and
CD44v9 with the prognosis of advanced cancer patients by using
multivariable survival data.

No statistical association was found between CD44 expression
and DEFS, RFS, MFS, or PES. The expression of CD44 was
not significantly associated with OS using multivariable analysis
(35, 42, 43), but other studies showed a significant association
between CD44 expression and shorter OS (45, 46). We integrated
all eligible studies with a relatively large population, and found
that CD44 expression was slightly linked to unfavorable OS
of advanced cancer (HR = 2.03, P = 0.027). However, TSA
suggested that this result was not reliable, and additional studies
are needed.

To further investigate the impact of 5-years survival
and adjuvant therapy, stratified analysis showed that CD44
expression was not correlated with OS at >5 years or in patients
treated with adjuvant therapy. No relationship was reported
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FIGURE 5 | Trial sequential analysis (TSA) for overall survival (OS) of CD44.
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FIGURE 6 | Trial sequential analysis (TSA) for cancer-specific survival (CSS) of CD44v9.

between CD44v6 expression and OS in metastatic non-small cell
lung carcinoma (33), but CD44v6 expression was correlated with
worse OS in advanced epithelial ovarian cancer (39). Pooled
results demonstrated no correlation between CD44v6 expression
and OS in advanced cancer.

CD44v9 expression was closely associated with unfavorable
CSS (37,41,47), and pooled data from three studies also showed a
correlation in advanced cancer patients treated with surgery and
chemo/radiotherapy (5-years CSS: HR = 3.62, P < 0.001). The
above analyses suggested that CD44v9 may be a major variant of
the CD44 family and play an important role in the prognosis of
patients with advanced cancer. These results suggest that CD44v9
may provide more useful prognostic value for advanced cancer
patient classification and survival benefit and could become a
targeted selective treatment approach. However, we used TSA to
check the reliability of these results, and TSA suggested that the
available study population was insufficient to provide conclusive
evidence. Additional studies are needed to further validate these
conclusions in the future.

Although the analysis of the eligible studies revealed
deficiencies in some items of the REMARK guidelines, in the
present meta-analysis, the included studies based on multivariate
survival analysis showed higher methodologic quality than
studies based on univariate survival analysis. Several limitations
should be acknowledged in this meta-analysis. First, the number
of the included studies and sample sizes were relatively small,
although all eligible studies were well-performed with data
from multivariable survival analysis. Our conclusions should be
interpreted with caution based on the TSA. Second, most studies

were conducted in Japan and the USA and other study sources
were lacking. Only one study was a prospective phase II trial
and the other remaining studies were of retrospective design.
Additional prospective clinical trials are necessary. The cut-
off values of expression from the immunohistochemical studies
may differ, and in the future, CD44s or CD44v expression
should be defined as positive or negative based on a standard.
Third, although CD44 expression was linked to worse CSS,
CD44v6 expression was associated with worse PES, CD44v9 was
correlated with unfavorable RFS, and CD44v5 and CD44v10 were
linked to poor DFS (34). These results were only reported by an
individual study each. Finally, studies of different cancer types are
strongly needed to further confirm the results regarding CD44s
and CD44v1-v10 in advanced tumors.

In conclusion, the present study demonstrated that CD44
expression was linked to unfavorable OS, but there was no
association between CD44 expression and OS at >5-years or
OS in patients receiving adjuvant therapy. No association was
found between CD44v6 expression and 5-years OS. CD44v9
expression was closely associated with worse 5-years CSS
for patients with advanced cancer treated with surgery and
chemo/radiotherapy, which suggested that CD44v9 may be a
promising prognostic marker. TSA showed that these results
cannot be considered conclusive. There is a need for predefined
training and validation sets based on the REMARK guidelines,
and additional prospective clinical trials in advanced cancer are
necessary to further determine whether CD44s and CD44v (v1-
v10) may help stratify different cancer patients who could benefit
from chemo/radiotherapy.
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