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Pharyngolaryngeal cancer is one of the most common head and neck cancer worldwide, and the early 
diagnosis and prognosis prediction are still difficult because of lacking in reliable cell markers.  Although the 
expression of CD44 has been reported to correlate with poor prognosis of pharyngolaryngeal cancer in 
most literatures, some controversies still exist.  Since the limited patient numbers within independent 
studies, here we performed a meta-analysis to clarify the correlations between CD44 expression and 
clinicopathological features and prognosis in pharyngolaryngeal cancer.  A search of PubMed, ISI Web of 
Science and China National Knowledge Infrastructure databases (up to June 2013) was performed.  
Nineteen studies with 1,405 patients met the inclusion criteria.  The expression of pan-CD44, including all 
variant isoforms, was detected in 58.0% (14.1-79.2%) specimens, while CD44-v6 (variant isoform 6 of 
CD44) was expressed in 54.8% (12-79.2%).  In pooled analysis, CD44 expression was significantly 
associated with larger tumor size (T category, RR (relative risk) = 1.21, 95% CI: 1.01-1.46), lymph nodes 
metastasis (N category, RR = 1.94, 95% CI: 1.38-2.73) and poor prognosis [3-year overall survival (OS): 
RR = 0.70, 95% CI: 0.53-0.91; 5-year OS: RR = 0.66, 95% CI: 0.66-0.94].  In the stratified analysis of CD44 
isoforms, high expression of CD44-v6 was related with a poor 5-year OS rate (RR = 0.53, 95% CI: 0.37-
077).  We propose that CD44 expression is associated with tumor size, lymph node metastasis, and poor 
prognosis in pharyngolaryngeal cancer patients.
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Introduction
 Head and neck squamous cell carcinoma (HNSCC) is 

common worldwide, and technological improvements have 
increased treatments of HNSCC patients with minimally 
invasive surgery (Murata et al. 2011; Zhu et al. 2012).  
Instead of laryngopharyngectomy, which would severely 
affect the quality of life, radiotherapy and laser therapy 
have been applied widely.  However, the lack of available 
markers to distinguish the patients with an aggressive form 
of HNSCC from those with a better outcome has been an 
obstacle for doctors in selecting the appropriate treatment.

 In recent years, a number of cell surface markers were 
found to indicate a small group of cancer cells, referred as 
cancer stem cells (CSCs), which are responsible for tumor 
initiation, progression, metastasis and drug resistance 
(Nguyen et al. 2012).  Many researchers have reported that 
high expression of these markers indicates bad clinical fea-
tures and poor prognosis (Lee et al. 2009; Wang et al. 2012; 

Ni et al. 2013).  The CSC hypothesis also has been con-
nected to pharyngolaryngeal cancer (Faber et al. 2011; 
Janisiewicz et al. 2012), and CD44 was one of the most 
reported CSC markers.

 The CD44 is a type I transmembrane glycoprotein 
with seven extracellular domains, a transmembrane domain 
and a cytoplasmic domain (van der Windt et al. 2011).  The 
CD44 gene is expressed on many cell types, including lym-
phocytes, epithelial cells and mesodermal cells (Fox et al. 
1994).  Also it is located on chromosome 11p13 and con-
sists of at least 20 exons (Rodrigo et al. 2002).  Among the 
exons, ten exons are constitutively expressed to produce a 
85- to 90-Kd isoform named as CD44 standard form 
(CD44s), whereas other isoforms called CD44 variants 
(CD44v), are generated by alternatively spliced transcripts 
(Zoller 2011).  Up to date, CD44v6 was the most reported 
isoform in pharyngolaryngeal cancer (Song et al. 1999; 
Wang et al. 2000; Kawano et al. 2004; Andratschke et al. 
2005; Staibano et al. 2007; Huang et al. 2007; Lu et al. 
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2008; Guo et al. 2009; Gao 2009).
The prognostic value of CD44 for patients with cancer 

has been reported in various solid tumors, including colon, 
lung, and breast cancer (Leung et al. 2010; Su et al. 2011; 
Brown et al. 2011).  With respect to pharyngolaryngeal can-
cer, the relationships between CD44 and clinicopathologi-
cal features and prognosis were still controversial mainly 
because of the limited patient numbers of independent 
reports (Xu et al. 2003; Esteban et al. 2005).  Here we per-
formed a systematic review of the published studies and 
aimed to investigate the prediction value of CD44 in clini-
cal features and prognosis of pharyngolaryngeal cancer.

Materials and Methods
Search Strategy

We performed a comprehensive literature search of the PubMed, 
ISI Web of Science and China National Knowledge Infrastructure 
(CNKI) databases up to June 2013.  The search terms included 
‘CD44’; ‘larynx or laryngeal’; ‘pharynx, nasopharynx, oralpharynx, 
hypopharynx or pharyngeal’ with ‘cancer’; ‘neoplasm’; or ‘carci-
noma’.  The titles and abstracts of potential references were manually 
examined to exclude irrelevant studies; the remaining articles within 
the topic of interest were reviewed for further study.

Selection Criteria
The studies included in this meta-analysis were randomized 

control studies (RCTs) or observational studies (case-control or 
cohort) that evaluated the association between CD44 expression and 
the clinical features or prognosis of pharyngolaryngeal cancer.  
Studies were eligible if they met the following criteria: (a) aimed at 
laryngeal or pharyngeal squamous cell carcinoma; (b) defined a 
CD44-positive group by immunohistochemistry, with the pan-CD44 
antibody or the CD44 variant specific antibody; (c) described correla-
tions between CD44, clinicopathological features and survival out-
come (disease free survival or overall survival); (d) written in English 
or Chinese.  Articles were excluded from the analyses based on the 
following criteria: (a) review articles or letters, (b) insufficient data to 
determine the relative risk (RR) and confidence interval (CI), or (c) 
the full text could not be found.

According to the review checklist provided by the Dutch 
Cochrane Centre (Stroup et al. 2000) and with the aim to control the 
quality of this meta-analysis, we grossly assessed the quality of all the 
included studies with seven key points: (a) a clear definition of the 
study population and origin of country, (b) a clear definition of the 
type of carcinoma, (c) a clear definition of the study design, (d) a 
clear definition of the outcome assessment, (e) a clear definition of 
the cut-off value of CD44 expression, (f) a clear definition of the 
method of CD44 assessment, and (g) a sufficient time of follow-up.

Data Extraction
All of the data of the eligible studies were extracted by two 

independent reviewers, with a predefined table (Table 1).  The data 
tables were generated to extract all the relevant data from the texts, 
tables and figures, including: author, year, country, patient number, 
detection method, information of antibody applied, duration of fol-
low-up, T category, N category, distant metastasis, positive rates of 
pan-CD44 (all CD44 isoforms) or CD44 isoforms (CD44s, CD44v6, 
CD44v3) expression, and the disease-free (DFS) and overall survival 

(OS) rates.  Because almost articles presented survival data with a 
Kaplan-Meier curve, the GetData Graph Digitizer 2.24 (http://get 
data-graph-digitizer.com/) was used to extract data.

Since the cut-off value for CD44 expression varied among these 
studies, we defined the CD44 positive group based on the original 
articles.  A number of studies present 3-year survival outcome data, 
whereas others described 5-year survival outcome, here we both ana-
lyzed the 3- and 5-year overall survival rate.

Statistical Analysis
The statistical analysis was performed according to the guide-

lines proposed by the Meta-Analysis of Observational Studies in 
Epidemiology group.  The RR with a 95% CI was calculated with 
Review Manager 4.2.  The heterogeneity among studies was mea-
sured using the Q and I2 tests.  A fixed or random model was used 
depending on the heterogeneity analysis.  The potential for publica-
tion bias was assessed using the Begg rank correlation method and 
the Egger weighted regression method (software stata 11.0).  A P 
value < 0.05 was considered statistically significant.  All of the P val-
ues were two-tailed.  The stratified analyses were performed concern-
ing the specific organs, geographical locations, CD44 variant 
(CD44-v6), sample size and follow-up duration.

Results
Search Results

A total of 208 articles were initially retrieved accord-
ing to the search strategy described above.  From the title 
and abstract review, 140 of the articles were excluded 
because they were a non-human experiment, a non-laryn-
geal or pharyngeal cancer-related study, or a non-original 
article (e.g., a review or letter).  Of the remaining articles, 
49 were excluded because they did not provide the original 
clinicopathological data.  Finally, nineteen studies with 
1,405 participants were included in the meta-analysis, 
which evaluated the expression of CD44 and risk of cancer 
progression by immunohistochemical staining (Fig. 1).

Study Characteristics
 The features of the 19 eligible studies are listed in 

Table 1; 1 study was from each of the following countries: 
Spain (Esteban et al. 2005),Turkey (Yuce et al. 2011), Italy 
(Staibano et al. 2007), Finland (Kokko et al. 2011), and the 
USA (Janisiewicz et al. 2012), two studies were from Japan 
(Kawano et al. 2004; Uwa et al. 2011), and 12 were from 
China (Song et al. 1999; Wang et al. 2000; Zhao et al. 2003; 
Xu et al. 2003; Wang et al. 2004; Qiu et al. 2006; Huang et 
al. 2007; Lu et al. 2008; Ma et al. 2009; Gao 2009; Guo et 
al. 2009; Lu et al. 2011).  Three studies focused on pharyn-
geal cancer, 14 focused on laryngeal cancer, and 2 studied 
both laryngeal and pharyngeal cancer.  A total of 1,405 
patients with a median of 58 patients (from 40 to 154) per 
study were included.  The tumor grade and TNM stage 
(tumor size, lymph node metastaisis and distant metastasis) 
were presented in 9 and 16 studies, respectively.  58.0% 
(14.1-79.2%) of all included pharyngolaryngeal cancer 
specimens were found CD44 positive expression, while 
CD44-v6 (variant isoform 6 of CD44) was expressed in 
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54.8% (12-79.2%) specimens, and a difference between 
patients in Asia (56.8%) and Europe (55.2%) was not 
found.  The overall survival rate was reported in 8 studies.  
Regarding the immunochemistry assay, all studies used for-
malin-fixed samples, 11 studies used the anti-Pan-CD44 
antibody, 7 studies used the anti-CD44-v6 antibody, 1 study 
used the anti-CD44-v3 antibody, and 1 study used the anti-
CD44s antibody (Tables 1 and 4); the stratified analysis was 
performed based on the anti-pan-CD44 and anti-CD44-v6 
antibodies.  None of the patients received neo-adjuvant 
radiotherapy or chemotherapy prior to surgery.  The patients 
in the study of Kawano et al. (2004) received surgery and 
radiotherapy after diagnosis, and the patients of other stud-
ies were treated with curative surgery.

Correlation of CD44 to clinical features
 The results of correlation between CD44 and clinical 

features were presented in Table 2.  The overall analysis 
suggested that CD44 correlated more with the advanced T 
category (RR = 1.21, 95% CI: 1.01-1.46), N-positive 
patients (RR = 1.94, 95% CI: 1.38-2.73) and higher tumor 
grade (RR = 1.68, 95% CI: 1.13-2.52).  In the subgroup 
analysis divided on cancer types, similar results were 
retrieved in laryngeal cancer; the CD44 over-expression 
was related with a higher T3 and T4 category (RR = 1.33, 
95% CI: 1.01-1.76), worse N category (RR = 2.64, 95% CI: 
1.98-3.06), tumor grade (RR = 1.95, 95% CI: 1.18-3.21) 
and 5-year OS rate (RR = 0.62, 95% CI: 0.47-0.83).  In 
pharyngeal cancer specifically, the CD44 expression was 
only found to be associated with worse 3-year OS rate (RR 
= 0.31, 95% CI: 0.18-0.52), which might be explained by a 
small number of studies.  Then we stratified the data by the 
geographic area, antibody used, follow-up time and sample 

size.  The studies in Asia showed that CD44 expression was 
related with T3 and T4 category patients (pool RR = 1.39, 
95%CI: 1.17-1.64; laryngeal cancer: RR = 1.60, 95% CI: 
1.14-2.25) and a N-positive status (pool RR = 1.97, 95% 
CI: 1.37-2.84; laryngeal cancer: RR = 2.57, 95% CI: 2.03-
3.26).  In Europe and the USA, the studies were composed 
exclusively of laryngeal cancer patients, and the results 
showed that CD44 expression was related to advanced N 
category patients (RR = 1.85, 95% CI: 1.07-3.18).  The 
subgroup analysis was performed according to the specific 
antibody used.  The studies with pan-CD44 antibody (detect 
all CD44 isoforms) revealed that high expression of CD44 
correlated with a positive N category (pharyngolaryngeal 
cancer: RR = 2.60, 95% CI: 1.96-3.45; laryngeal cancer: 
RR = 2.32, 95% CI: 1.73-3.11) and advanced tumor grade 
(pharyngolaryngeal cancer: RR = 1.95, 95% CI: 1.18-3.21; 
laryngeal cancer: RR = 1.95, 95% CI: 1.18-3.21) in overall 
and laryngeal cancer.  In contrast, high expression of 
CD44-v6 was related with a positive N category in laryn-
geal cancer (RR = 1.92, 95% CI: 1.39-2.64).  The studies 
with a shorter follow-up time (< 68.5 months) did not dem-
onstrate an association between the CD44 expression and 
the clinicopathological features, whereas longer follow-up 
times (≥ 68.5 months) showed that CD44 was related to a 
positive N category (RR = 1.87, 95% CI: 1.28-2.74) and 
higher tumor grade (RR = 1.89, 95% CI: 1.29-2.77).  A 
similar result was found in the subgroup analysis based on 
sample size; only studies with a larger sample size related 
CD44 with a positive N category (RR = 1.87, 95% CI: 
1.25-2.78) and higher tumor grade (RR = 1.83, 95% CI: 
1.08-3.08).

Fig. 1.  Flow chart for the selection of the included articles.
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CD44 expression and overall survival rate
The 3-year and 5-year overall survival rate was 

extracted from 8 studies and 6 studies, respectively, whereas 
the disease free survival rate was reported in 2 studies 
(Table 1).  The pooled 3-year overall survival rates of 
CD44-positive and CD44-negative patients were 66.1% 
(255/386) and 78.7% (159/202), respectively, whereas the 
5-year overall survival rates were 45.9% (117/255) and 
77.9% (106/136), respectively (Table 1).  The pooled analy-
sis showed that a high expression of CD44 indicated a 
worse OS rate (3-year OS: RR = 0.70, 95% CI: 0.53-0.91; 
5-year OS: RR = 0.66, 95% CI: 0.66-0.94; Fig. 2).  CD44 
over-expression was related to poor prognosis in laryngeal 

cancer (5-year OS: RR = 0.62, 95% CI: 0.47-0.83, Table 2) 
and pharyngeal cancer (3-year OS: RR = 0.31, 95% CI: 
0.18-0.52, Table 2).  With the stratified analysis based on 
the specific antibody, both studies use pan-CD44 or 
CD44-v6 antibody were found correlations of CD44 expres-
sion and worse 5-year OS rate in pharyngolaryngeal cancer 
patients (pan-CD44: RR = 0.56, 95% CI: 0.34-0.93; 
CD44-v6: RR = 0.53, 95% CI: 0.37-0.77, Table 2) and in 
laryngeal cancer patients (pan-CD44: RR = 0.66, 95% CI: 
0.46-0.95; CD44-v6: RR = 0.53, 95% CI: 0.37-0.77, Table 
2).

Fig. 2.  CD44 expression and 5-year OS rate of pharyngolaryngeal cancer patients.

Fig. 3.  Begg’s test results of pharyngolaryngeal cancer patients’ 5-year OS rate.



CD44 Indicates Poor Outcome in Pharyngolaryngeal Cancer 15

Publication Bias
Heterogeneity testing and publication bias analyses 

were performed among the studies to evaluate the influence 
of individual studies on the summary OS rate.  The results 
indicated no publication bias for the 3-year and 5-year OS 
rates regardless of the pooled analysis or stratified analysis 
(Table 3).  The funnel plot was illustrated to assess the pub-
lication bias of 5-year OS of the included studies, and the 
funnel plots were almost symmetrical (Fig. 3).

Discussion
 Although the treatment for head and neck cancer has 

improved rapidly, it is still the sixth most common cancer 
worldwide, predominantly because it is typically difficult to 
diagnose at early stages (Siegel et al. 2012).  Moreover, the 
morbidity of head and neck cancer is growing in China, 
especially the laryngeal cancer in north China and pharyn-
geal cancer in south China.  Except for the extension of 
people’s age and the improvement of examination methods, 
the increasing morbidity should contribute to the increasing 

smoking population and aggravating air pollution (ML and 
O 2010).

 The histopathological type and developmental origin 
among head and neck cancers (oral, pharynx and larynx) 
are highly homologous, and 90% of the tumors in the head 
and neck are squamous-cell carcinomas, which present as 
aggressive and recurrent malignancies (Kokko et al. 2011).  
In this meta-analysis, with reference to the clinicopatholog-
ical parameters, CD44 was correlated with larger tumor 
size, positive N category and advanced tumor grade in pha-
ryngolaryngeal cancer.  Besides, CD44 expression was 
shown to predict a poor prognosis.  In our analysis, CD44 
expression was related to worse OS rates in both laryngeal 
and pharyngeal cancer.  The T and N categories were not 
found to have a significant association with pharyngeal can-
cer, which might be explained by the limited number of 
studies.  Because the CD44 family is composed of many 
variants, we examined the independent predictive value of 
pan-CD44 and CD44-v6 and found that they were associ-
ated with a poor 5-year OS; only pan-CD44 expression was 

Table 3.  Heterogeneity test and publication bias analyses among studies.

T category  
(T3,4 vs. T1,2)

N category  
(positive vs. negative)

M category  
(positive vs. negative)

Grade 
(grade 3 vs. grade 1,2)

Heterogeneity Publication 
 bias Heterogeneity Publication 

 bias Heterogeneity Publication 
 bias Heterogeneity Publication 

 bias

Pa I2 (%)b Pc Pd Pa I2 (%)b Pc Pd Pa I2 (%)b Pc Pd Pa I2 (%)b Pc Pd

Over all 0.002 64 0.013 0.003 0 80.3 0.042 0 0.044 75.4 1 0 0 79.5 0.133 0.006
Cancer type
Larynx 0 77.1 0.019 0.003 0.078 39.4 0.003 0 NA NA NA NA 0.003 75.3 0.221 0.027
Pharynx 0.949 0 1 NA 0.173 46 1 NA 0 NA NA NA NA 0 NA NA
Geographic area
Asia over all 0.051 48.3 0.048 0.031 0 81.6 0.055 0 0.044 75.4 1 0 0 79.5 0.133 0.006

Larynx 0.067 51.5 0.133 0.059 0.04 47.4 0.004 0 NA NA NA NA 0.003 75.3 0.221 0.027
pharynx 0.949 0 1 NA NA 0 NA NA NA NA NA NA NA 0 NA NA

Europe over all 0.587 0 1 NA NA 0 NA NA NA NA NA NA NA NA NA NA
Larynx 0.587 0 1 NA NA 0 NA NA NA NA NA NA NA NA NA NA
pharynx NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Larynx Pan-CD44 0 80.3 0.221 0.071 0.324 13.8 0.293 0.003 NA NA NA NA 0.003 75.3 0.221 0.027
CD44-6 0.744 0 1 NA 0.299 18.4 0.308 0.111 NA NA NA NA NA NA NA NA

Larynx & 
pharynx

Pan-CD44 0.001 75.3 0.26 0.074 0.446 0 0.216 0.013 NA NA NA NA 0.003 75.3 0.221 0.027
CD44-6 0.501 0 0.296 0.252 0 80.8 0.221 0.039 NA 0 NA NA NA NA NA NA

Pharynx Pan-CD44 NA 0 NA NA NA 0 NA NA NA NA NA NA NA NA NA NA
CD44-6 NA NA NA NA NA 0 NA NA NA NA NA NA NA NA NA NA

Sample sizea <58.5 0 83.6 0.734 0.233 0 87.7 0.462 0.021 NA NA NA NA 0.019 81.8 1 NA
≥58.5 0.146 37 0.016 0.014 0 79.4 0.04 0.003 NA NA NA NA 0.003 78.5 0.089 0.037

Follow time
(month)b

 <68.5 0.229 28.9 0.462 0.146 0 89.1 0.462 0.011 NA NA NA NA 0 83.7 0.089 0.017
 ≥68.5 0 77.7 0.024 0.014 0 79.3 0.009 0.001 NA NA NA NA 0.321 0 1 NA

NA, not available.
aP for heterogeneity within each subgroup.
bProportion of between-study heterogeneity accounting for total heterogeneity.
cP values of Begg’s test.
dP values of Egger’s test.
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related with lymph node metastasis (N category).
CD44 was first described as a lymphocyte homing 

receptor in 1983 (Gallatin et al. 1983), and subsequently, its 
expression was found in various cell types.  Extensive evi-
dence showed that CD44 played important roles in tumor 
progression, especially with cancer stem cell related char-
acteristics.  In tumor progression, CD44 was predominantly 
related to cancer cell invasion and metastasis.  Once CD44 
interacted with hyaluronan (HA), as an important ligand of 
CD44, the cytoplasmic tail of CD44 binded to the actin 
cytoskeleton and induced CD44 movement toward the lead-
ing edge of the migrating cells.  Thereafter CD44 could 
bind to CD62 on endothelial cells, resulting in the migrat-
ing cells rolling on the endothelial cells as the initial step of 
the extravasation (Lamontagne and Grandbois 2008; Fehon 
et al. 2010; Zoller 2011).  The HA-CD44 interaction could 
also activate the ROK pathway, which resulted the phos-
phorylation of the Na+/H+ exchange (Bourguignon et al. 
2004) and facilitated extracellular matrix degradation and 
tumor invasion.  These reports demonstrated that CD44 was 

closely related with lymph node metastasis, which were 
well supported by our meta-analysis.

CD44s, v3, v5, v6, and v9 have been reported to be 
expressed in the HNSCC of the head and neck (Piffko et al. 
1996; Ue et al. 1998; Rodrigo et al. 2003; Huang et al. 
2007; Staibano et al. 2007).  Studies have shown the dis-
tinct function of specific CD44 isoforms in cancer progres-
sion.  The epithelial-mesenchymal transition (EMT) process 
is very critical for cancer metastasis and recurrence, 
researches has revealed the shift from CD44v to CD44s is 
essential for the EMT process, and the high expression of 
CD44s is associated with the aggressive recurrence pattern 
of hepatocellular carcinoma cells (Brown et al. 2011; Mima 
et al. 2013).  On the other hand, CD44v instead of CD44s, 
could be stimulated by hypoxia-inducible factor-1α to pro-
mote tumor metastasis (Krishnamachary et al. 2012).  The 
above results suggested that different CD44 isoforms had 
distinct biological functions in tumor progression.  
Additional future studies are needed to evaluate the specific 
prognostic value of different CD44 variants in pharyngo-

Table 3.  Continued.

DFS 
(death vs. survive)

OS 3 years 
(death vs. survive)

OS 5 years 
(death vs. survive)

Heterogeneity Publication 
 bias Heterogeneity Publication 

 bias Heterogeneity Publication 
 bias

Pa I2(%)b Pc Pd Pa I2(%)b Pc Pd Pa I2(%)b Pc Pd

Over all 0.054 73 1 NA 0 85.1 0.348 0.273 0 75.2 0.548 0.355
Cancer type
Larynx NA NA NA NA 0 86.2 1 0.758 0.027 63.5 1 0.137
Pharynx 0.054 73 1 NA 0.489 0 1 NA 0.001 90.8 1 NA
Geographic area
Asia over all NA NA NA NA 0.01 70 0.462 0.074 0.005 77 1 0.798

Larynx NA NA NA NA 0.138 45.5 1 0.328 0.059 64.7 1 0.584
pharynx NA NA NA NA NA 0 NA NA NA 0 NA NA

Europe over all NA NA NA NA 0 91.5 1 0.208 0.148 47.7 0.296 0.274
Larynx NA NA NA NA 0 92.1 1 0.509 0.674 0 1 NA
pharynx NA NA NA NA NA 0 NA NA NA 0 NA NA

Larynx Pan-CD44 NA NA NA NA 0 90.7 0.806 0.901 0.026 72.5 1 0.486
CD44-6 NA NA NA NA 0.559 0 1 NA 0.531 0 1 NA

Larynx &
pharynx

Pan-CD44 NA NA NA NA 0 88.9 1 0.712 0.001 81.4 0.308 0.145
CD44-6 NA NA NA NA 0.559 0 1 NA 0.531 0 1 NA

Pharynx Pan-CD44 NA NA NA NA NA NA NA NA NA NA NA NA
CD44-6 NA NA NA NA NA NA NA NA NA NA NA NA

Sample sizea <58.5 NA NA NA NA 0.328 13 0.734 0.208 0 83.4 0.734 0.454
≥58.5 NA 0 NA NA 0 90.8 0.806 0.753 0.059 64.7 1 0.584

Follow time
(month)b

 <68.5 NA NA NA NA 0 89.3 0.707 0.789 0.005 77 1 0.798
 ≥68.5 NA 0 NA NA 0.249 28 1 0.363 0.148 47.7 0.296 0.274

NA, not available.
a P for heterogeneity within each subgroup.
b Proportion of between-study heterogeneity accounting for total heterogeneity.
c P values of Begg’s test.
d P values of Egger’s test.
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laryngeal cancer.
 All the studies included in this meta-analysis assessed 

CD44 expression with immunohistochemistry staining 
method, but it was worth noting that some reports found 
that the soluble form of CD44 (sCD44) also had a remark-
able prognostic value.  CD44 cleavage was achieved with a 
proteolytic enzyme, predominantly ADAM10/17; this 
enzyme cleaved the soluble extracellular epitope of CD44 
to a soluble form (sCD44) (Okamoto et al. 2002; 
Stamenkovic and Yu 2009).  It has been reported that 
sCD44 (CD44-v6 or CD44-v5) could be of an independent 
prognostic value in colorectal and breast cancer patients 
(Kittl et al. 1997; Yamane et al. 1999; Amirghofran et al. 
2008).  In head and neck cancer, Franzmann et al. (2007) 
found that sCD44 was elevated in oral rinses of the major-
ity of HNSCCs and could be highly distinguished cancer 

from benign disease.  Kawano et al. (2005) showed that the 
serum levels of sCD44, CD44-v5 and CD44-v6 in pre-
treatment HNSCC patients were closely associated with the 
TNM stage and were higher than those in the control group.  
Two studies showed there was no significant difference nei-
ther between the serum levels of sCD44-v6 in HNSCC 
patients and healthy subjects nor an association with the 
tumor stage and the TNM stage (Van Hal et al. 1999; 
Andratschke et al. 2005).  This contradiction could be 
explained by the relative small burden of some pharyngo-
laryngeal cancers that could not change the systemic sCD44 
level.  Here we suggested it should be cautious of applying 
serum sCD44 as a prognostic marker in pharyngolaryngeal 
cancer.

 There were limitations in our meta-analysis.  First, 
most of the included studies were cohort studies, in which 

Table 4.  Characteristics of antibodies applied.

No Year Author CD44 antibody type Source of the antibody Monoclonal/antibody
(clonal number)

1 1999 Song cd44-v6 Commercial
(Maxim, China)

Monoclonal (2F10)

2 2000 Wang pan-cd44 Commercial
(R&D, USA)

Monoclonal (2C5)

3 2003 Xu cd44-v6 Commercial
(Novocastra, UK)

Monoclonal (DF1485)

4 2003 Zhao pan-cd44 Commercial
(DAKO, Danmark)

Monoclonal (DF1485)

5 2004 Kawano CD44 standard Commercial
(R&D, USA)

Monoclonal (clonal No. not provided)

6 2004 Wang pan-cd44 Commercial
(Santa Cruz, USA)

Monoclonal (clonal No. not provided)

7 2005 Esteban pan-cd44 Commercial
(DAKO, Danmark)

Monoclonal (DF1485)

8 2006 Qiu pan-cd44 Commercial
(Maxim, China)

Monoclonal (DF1485)

9 2007 Staibano cd44-v6 Commercial
(Novocastra, UK)

Monoclonal (VFF-7)

10 2007 Huang cd44-v6 Commercial
(ZSGB-Bio, Beijing, China)

Monoclonal (VFF-7)

11 2008 Lu cd44-v6 Commercial
(ZSGB-Bio, Beijing, China)

Monoclonal (VFF-7)

12 2009 Gao cd44-v6 Commercial
(ZSGB-Bio, Beijing, China)

Monoclonal (VFF-7)

13 2009 Guo cd44-v6 Commercial
(Maxim, China)

Monoclonal (2F10)

14 2009 Ma cd44-v3 Commercial
(ZSGB-Bio, Beijing, China)

Monoclonal (3G5)

15 2011 Kokko pan-cd44 Commercial
(DAKO, Danmark)

Monoclonal (DF1485)

16 2011 Uwa pan-cd44 Commercial
(R&D, USA)

Monoclonal (2C5)

17 2011 Yuce pan-cd44 Commercial
(Novocastra, UK)

Monoclonal (DF1485)

18 2011 Lu SM pan-cd44 Commercial
(Abcam, UK)

Monoclonal (clonal No. not provided)

19 2012 Janisiewicz pan-CD44 Commercial
(BD, USA)

Monoclonal (G44-26)
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there were difficulties in controlling the confounders that 
could affect the valid prognostic value of CD44 expression.  
Second, 75% of the studies were performed in Asia, with 2 
from Japan and 12 from China.  Third, because of the lim-
ited information about the CD44 variants in pharyngolaryn-
geal cancer, our meta-analysis was restricted to analyze the 
correlations between pan-CD44 and CD44-v6 and patient 
prognosis.  Our systematic review and meta-analysis sug-
gested that high CD44 expression indicated worse T and N 
grades and a shortened OS rate.  The association between 
the specific CD44 variants and the clinicopathological fea-
tures of pharyngolaryngeal cancer was insufficient, and 
additional studies are needed to evaluate CD44 as a thera-
peutic target in cancer treatment.
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