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Abstract

Purpose The prognostic value and -clinicopathological
significance of CD44 in ovarian cancer (OC) remain
unclear. This meta-analysis, therefore, aims to evaluate the
correlation between CD44 expression and OC.

Methods Studies published until March 2016 were sear-
ched in PubMed, EMBASE, and ISI Web of Knowledge
databases. The odds ratio (OR) and the hazard ratio (HR)
with 95 % confidence interval (CI) were used to assess the
effects.

Results Twenty-four studies that include 2267 OC patients
were identified for the final analysis. Sixteen studies
investigated the expression difference of CD44 standard
(CD44s) in 1848 patients. Results showed that high CD44s
expression is associated with chemoresistance (OR 5.94,
95 % CI 1.91-18.47) and short disease-free survival (DFS)
time (HR 2.57, 95 % CI 1.34-4.91). In addition, CD44s
expression is not associated with tumor differentiation
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grade, residual mass, lymphoid nodal metastasis, and
overall survival (OS). Ten studies investigated the
expression difference of CD44v6 in 724 patients. Results
showed that the CD44v6 expression is not correlated with
FIGO stage, tumor differentiation grade, lymphoid nodal
metastasis, and OS.

Conclusion High CD44s expression possibly indicates
poor prognosis in OC patients given that high CD44s
expression initiates chemotherapy resistance, although this
expression pattern is not an independent predictive factor
for OS. Meanwhile, high CD44s expression may be related
to poor DFS of OC, but this relationship must be further
confirmed. In addition, the result in which CD44v6 is not
associated with OS of OC patients should be interpreted
with caution.

Keywords Ovarian cancer - CD44 - Meta-analysis -
Prognosis

Introduction

Ovarian cancer (OC) is the most lethal gynecological
malignancy and the fifth leading cause of cancer deaths in
women [1]. Given the lack of specific symptoms and
methods for early screening, more than 70 % of patients
were diagnosed with advanced stage and their 5-year sur-
vival rate was only 25 % [2]. Several independent prog-
nostic factors, such as disease stage, age, and residual
tumor bulk, were identified in the previous investigations,
and these factors are useful in choosing the optimal treat-
ment [3, 4]. However, prognoses of patients showing
similar condition and receiving similar treatments obvi-
ously vary [5]. In addition, the potential factors and the
underlying mechanism remain unclear [6]. Continuing
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exploration for new molecular biological prognostic indi-
cators in OC patients is, therefore, necessary.

The cancer stem cell (CSC) hypothesis has been recently
formulated to explain tumor occurrence and recurrence [7].
Increasing evidence has indicated that CSCs possess self-
renewal ability and are responsible for tumor progression,
metastasis, and therapeutic resistance [8, 9]. CD44, being
an important CSC marker, is a highly heterogeneous
transmembrane glycoprotein with different isoforms [10].
The CD44 gene is located on the short arm of chromosome
11 and contains 20 exons, 10 of which are non-variable
exons and expressed in standard form. Alternative splicing
of the remaining 10 exons produces multiple variant iso-
forms (CD44v1-v10) [11]. The CD44 standard (CD44s)
and CD44 variants possibly play essential roles in tumor
occurrence, progression, and metastasis [12, 13], and they
demonstrate prognostic value in various cancers [14-17].

Until now, the correlation between CD44 expression and
OC has been widely studied, but the results are contro-
versial. Several studies have suggested that the high
expression of CD44 is related to improved survival rate,
whereas some studies have indicated that high CD44
expression is associated with unfavorable prognosis. In
addition, some studies did not reveal any relationship
between CD44 and outcome of OC. These discrepancies
are possibly caused by small sample size and multiple
factors. Therefore, to achieve a better understanding of the
relationship between CD44 expression and OC, we per-
formed a meta-analysis to further evaluate the prognostic
value of CD44 and to analyze its correlation with other
clinicopathological factors of OC.

Materials and methods
Literature search

We systematically searched the relevant studies published
before March 2016 in PubMed, EMBASE, and ISI Web of
Knowledge databases. No restrictions on population or
sample size were set in this meta-analysis. Studies were
searched using the combinations of the following key-
words: “CD44,” “ovarian or ovary,” “cancer, carcinoma,
tumor, or neoplasms.” Additional relevant literatures were
obtained from the reference lists of the prospective articles.

Inclusion and exclusion criteria

Studies were included in this meta-analysis based on the
following criteria: (1) English or Chinese articles; (2) OC
was diagnosed through pathological examination; (3) full
text is available and data on clinical features and/or prog-
nosis of OC are sufficient; and (4) CD44 expression was
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detected by immunohistochemistry (IHC) assay. Studies
were excluded based on the following criteria: (1) letters,
reviews, or case reports without original data and (2)
studies using cell lines, ascites cells, and animal models.
For studies published by the same authors, only those that
include the largest sample sizes or the most recently pub-
lished were selected to avoid data overlap.

Data extraction

Two investigators (LZ and CG) independently extracted
useful data from each study. Discrepancies were resolved
through discussion. The following information was
extracted from each included study: name of the first
author, publication year, country, ethnicity, number of
patients, age, tumor pathological type, antibody and dilu-
tion, cut-off score, staining pattern, International Federa-
tion of Gynecology and Obstetrics (FIGO) stage, tumor
differentiation grade, lymphoid nodal metastasis, residual
tumor mass, chemotherapy sensitivity, follow-up period,
and survival data. The primary endpoint was overall sur-
vival (OS). Studies using disease-free survival (DFS) were
also analyzed.

Statistical analysis

All analyses were performed using Stata 12.0 (Stata Cor-
poration, College Station, TX, USA). The odds ratio (OR)
and 95 % confidence interval (CI) were used to assess the
correlation between CD44 expression and clinicopatho-
logical parameters, including FIGO stage (I-II versus III-
IV), tumor differentiation grade (G1-G2 versus G3),
lymphoid nodal metastasis (positive versus negative),
residual tumor mass (<1 cm versus >1cm), and
chemotherapy sensitivity (resistant versus sensitive). The
hazard ratio (HR) and 95 % CI of OS and DFS were
extracted from eligible studies. Some studies did not
clearly provide these data, so we estimated these data using
the method reported by Tierney et al. [18]. By convention,
HR and 95 % CI not overlapped with one would be con-
sidered statistically significant. Heterogeneity among
studies was assessed by Q test, and its effect was quantified
by the I* test. When heterogeneity existed (P < 0.05 or
I? > 50 %), the random-effects model was used; otherwise,
the fixed-effects model was employed. Sensitivity analysis
was used to assess the quality and stability of the results.
Begg’s and Egger’s tests were conducted to evaluate
potential publication bias, with P < 0.05 being considered
statistically significant.

In addition, because the cut-off score varied in different
studies, we defined the high CD44 expression group in
accordance with the original article. Considering that
CD44v3, CD44v7-8, CD44v9, and CD44v10 were
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estimated in less than three studies and that the parameters
were not overlapped, we only analyzed two CD44 iso-
forms, namely, CD44s and CD44v6.

Result

Characteristics of the included studies

As shown in Fig. 1, a total of 651 citations were identified
in the initial search. After removing the duplicates, 288

articles were left. After screening the title and abstract, we
screened the full texts of the remaining 59 articles. Twelve
investigations were excluded for insufficient information.
Eight articles were excluded for abstract only. Six articles
were excluded, because they used cell-line or animal or
ascites models, and five articles were excluded, because
they used immunofluorescence or RT-PCR assays. Four
papers were removed as they are case reports or reviews.
Finally, 24 studies [19-42] that include 2267 patients with
a median of 68 patients (11-483) were included in this
meta-analysis (Table 1). The publication year of the
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Fig. 1 Flowchart of selection of studies for inclusion in meta-analysis
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included studies ranged from 1997 to 2016. These studies
were conducted in Japan, France, United States, Germany,
Canada, Finland, China, Greece, Korea, Denmark, and
Ukraine. The subjects of 11 studies were of Asian descent,
whereas the subjects of the remaining 13 studies were non-
Asians. All studies used IHC staining to detect CD44
expression.

Sixteen studies with 1848 patients used anti-CD44s
antibody, and the median percentage of CD44s positive
expression was 50 % (20.6-93.2 %). Among them, eight
studies reported FIGO stage; eight studies reported tumor
differentiation grade; five, chemotherapy sensitivity; three,
residual mass; two, lymphoid nodal metastasis; and two,
recurrence. Survival data were reported in 11 studies (OS
in nine studies, DFS in two studies, progression-free sur-
vival (PFS) in one study, and recurrence-free survival
(RFS) in one study).

Ten studies that include 724 patients used anti-CD44v6
antibody, and the median percentage of positive CD44v6
expression was 33 % (0-75.3 %). Among them, seven
studies reported FIGO stage, five, tumor differentiation
grade, two, lymphoid nodal metastasis, and six, OS to
assess the prognostic value of CD44v6.

CD44 expression and clinicopathological parameters
of OC

Table 2 shows the correlation results between CD44s and
clinicopathological parameters. Overall analyses demon-
strated that CD44s expression 1is associated with
chemotherapy sensitivity (OR 5.94, 95 % CI 1.91-18.47,
P =0.00, > = 77.2 %, Fig. 2) and postoperative recur-
rence (OR 0.21,95 % C10.13-0.35, P = 0.00, I* = 39.0 %,
Supplementary Fig. 1). The association between CD44s
expression and chemotherapy sensitivity of OC was also
statistically significant in the following subgroups: Asian
(OR 8.08, 95 % CI 4.26-15.32, P = 0.00, I = 0.0 %),
membrane and cytoplasm staining (OR 7.61, 95 % CI
3.26-17.74, P = 0.00, I> = 88.6 %), and large sample size
(OR 10.64,95 % CI16.13-18.47, P = 0.00, I* = 0.0 %). No
associations were observed between CD44s expression and
FIGO stage (OR 1.05, 95 % CI 0.37-2.94, P = 0.93,
I* = 90.8 %, Supplementary Fig. 1), tumor differentiation
grade (OR 0.62,95 % C10.23-1.67,P = 0.35,I* = 87.4 %,
Supplementary Fig. 1), residual mass (OR 0.58, 95 % CI
0.14-2.53, P = 0.47, I = 83.9 %, Supplementary Fig. 1),
and lymphoid nodal metastasis (OR 2.11, 95 % CI
0.99-4.48, P = 0.01,I* = 0.0 %, Supplementary Fig. 1).In
the subgroup analyses, studies in Asian group (OR 0.44,
95 % CI 0.23-0.85, P = 0.01, =00 %) and membrane
and cytoplasm staining group (OR 0.31, 95 % CI 0.12-0.84,
P = 0.012) indicated that high CD44s expression is asso-
ciated with advanced FIGO stage.

Correlation results between CD44v6 and clinicopatho-
logical parameters are shown in Table 3. Neither the
overall analysis nor the subgroup analysis showed a sta-
tistically significant association between CD44v6 expres-
sion and FIGO stage (OR 0.84, 95 % CI 0.52-1.36,
P =047, P =489 %, Supplementary Fig. 2), tumor
differentiation grade (OR 0.45, 95 % CI 0.16-1.28,
P = 0.14, > = 53.1 %, Supplementary Fig. 2), and lym-
phoid nodal metastasis (OR 1.50, 95 % CI 0.06-32.79,
P = 0.80, I> = 72.2 %, Supplementary Fig. 2).

CD44 expression and prognosis of OC

Table 4 summarizes the main data on survival. The
combined HR suggests that CD44s expression does not
affect the OS of patients (HR 0.83, 95 % CI 0.46-1.49,
I’ = 73.0 %, Supplementary Fig. 3), but it is possibly
correlated with short DFS time (HR 2.57, 95 % CI
1.34-4.91, P’ =0.0 %, Fig. 3). In addition, the overall
analysis did not reveal association between CD44v6
expression and OS (HR 1.33, 95 % CI 0.66-2.70,
I? =73.0 %, Supplementary Fig. 3). When stratified
according to geographic area, staining pattern, sample
size, and analysis type, statistically significant associa-
tions were observed in the Asian group (HR 1.61, 95 %
CI 1.07-2.41, P =0.0 %), membrane alone group (HR
1.75, 95 % CI 1.21-2.51, ?=0.0 %), and small sample
size (<68) group (HR 2.35, 95 % CI 1.42-3.89,
P =0.0 %).

Publication bias

To identify potential publication bias, we performed the
Begg’s and Egger’s tests. No evidence of publication bias
was observed in the pooled studies (Fig. 4, Supplementary
Table).

Sensitivity analysis

In sensitivity analysis, we sequentially removed the eli-
gible studies to assess the influence of each individual
study on the pooled ORs or HRs. Most results were not
qualitatively changed after omitting any single study at a
given time, except the result of OS and CD44v6 expres-
sion. After removing the study conducted by Rodriguez—
Rodriguez et al. [26], we again pooled the remaining five
studies and observed the statistically significant effect of
CD44v6 expression on OS of OC patients. In addition, the
heterogeneity dramatically decreased from 79.6 to 0 %
(Fig. 5). The association between CD44v6 and OS
remained stable after excluding the study of Rodriguez—
Rodriguez et al. and any other study from the sensitivity
analysis.
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Fig. 2 Forest plot showing the Study OR (95% Cl) Weight%
association between CD44s
expression and chemotherapy :
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I
!
NOTE: Weights are from random effects analysis ]
|

T
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Table 3 Main results of the pooled data in correlation with CD44v6 expression and clinicopathological parameters of ovarian cancer patients

Groups FIGO stage Tumor differentiation grade Lymphoid nodal metastasis
(I-IT vs. ITI-1V) (G1-2 vs. G3) (positive vs. negative)
N OR[95 % CI] P (%) N ORI[95%CI P (%) N OR[95%CI] P (%)
Overall 7  0.84[0.52,1.36] 489 5 0.45 [0.16, 1.28] 53.1 2 1.50 [0.06, 32.79] 72.2
Geographic area
Asian 5 0.61 [0.23, 1.64] 57.8 3 0.24 [0.11, 0.53] 0.00 2 1.50 [0.06, 32.79] 72.2
Non-Asian 1.91 [0.39,596] 0.0 1.87 [0.23, 15.04] 543 0 NA NA
Staining pattern
Membrane 6 1.11 [0.65, 1.90]  23.8 0.52 [0.12, 2.34] 64.7 2 1.50 [0.06, 32.79] 72.2
Membrane and cytoplasm 1 0.21 [0.05, 0.82] NA 0 NA NA 0 NA NA
Sample size
<68 4 0.771029,2.02] 279 0.54 [0.10, 2.83] 332 1 11.00 [0.43, 284.31] NA
>68 3 0.92 [0.20, 4.11]  72.6 3 0.41 [0.08, 1.99] 71.8 1 0.45 [0.19, 1.03] NA

N number, P P value, NA not available

Discussion

CD44, a transmembrane glycoprotein, is primarily recog-
nized as a receptor for hyaluronan (HA), which is involved
in cell adhesion, extravasation, and migration [11, 43]. HA
is a major component of extracellular matrix, and its
binding with CD44 influences the activities of CD44 [44]
and induces upregulation of adhesion molecules and thus
promotes cell adhesion [45]. In endothelial cells, CD44
expression and its binding force with HA are stimulated by
pro-inflammatory cytokines, which can promote the cap-
ture of hematopoietic cells and tumor cells [46]. The
interactions of the cytoplasmic tail of CD44 with the actin
cytoskeleton can be induced by CD44-HA binding; thus,
CD44 promotes tumor cell migration [47]. In addition,
although the mechanism remains unclear, CD44 and HA
are both correlated with drug resistance [10]. Overall,

CD44 is a potential prognostic marker for various diseases
[48-50].

The clinical significance and prognostic value of CD44s
expression in OC remain controversial. The present meta-
analysis results, which include 1848 patients, showed that
CD44s expression is not associated with tumor differenti-
ation grade, residual mass, lymphoid nodal metastasis, and
OS. However, a positive finding was observed in
chemotherapy sensitivity analysis (OR 5.94, 95 % CI
1.91-18.47), suggesting that high CD44s expression pos-
sibly contributes to a high risk of chemotherapy resistance
in OC patients. In accordance with the National Compre-
hensive Cancer Network guidelines, the chemotherapy
sensitive group included patients with clinical remission
over 12 months post-chemotherapy, whereas the resistant
group achieved clinical remission but showed recurrence
during the late stage of chemotherapy or within 12 months.
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Table 4 Association between
CD44 expression and survival
data of ovarian cancer

Fig. 3 Forest plot showing the
association between CD44s
expression and DFS of patients
with ovarian cancer

These findings indicate that CD44s may worsen the prog-
nosis by initiating chemotherapy resistance, although
CD44s is not an independent predictive factor for OS. The

@ Springer

Variables N HR [95 % CI] P P (%)
CD44s
(0N 9 0.83 [0.46, 1.49] 0.53 73.0
Geographic area
Asian 3 1.43 [0.84, 2.42] 0.19 314
Non-Asian 6 0.53 [0.24, 1.21] 0.13 63.8
Staining pattern
Membrane 7 0.88 [0.61, 1.26] 0.55 27.0
Membrane and cytoplasm 2 0.53 [0.02, 18.11] 0.73 95.1
Sample size
<68 3 1.05 [0.45, 2.49] 0.91 0.0
>68 6 0.77 [0.37, 1.62] 0.49 82.4
Analysis type
Univariate 6 0.89 [0.60, 1.34] 0.58 39.0
Multivariate 3 0.63 [0.05, 8.72] 0.73 90.2
DFS 2 2.57 [1.34, 4.91] 0.00 0.0
CD44v6
(0N 6 1.33 [0.66, 2.70] 0.43 79.6
Geographic area
Asian 4 1.61 [1.07, 2.41] 0.02 0.0
Non-Asian 2 0.89 [0.12, 6.57] 0.91 93.1
Staining pattern
Membrane 5 1.75 [1.21, 2.51] 0.03 0.0
Membrane and cytoplasm 1 0.33 [0.18, 0.61] 0.00 NA
Sample size
<68 2.35[1.42, 3.89] 0.01 0.0
>68 0.81 [0.31, 2.10] 0.66 81.8
Analysis type
Univariate 4 1.20 [0.42, 3.42] 0.63 84.7
Multivariate 2 1.64 [0.73, 3.70] 0.23 59.2
OS overall survival, DFS disease-free survival, P P value, NA not available
Study ES (95% Cl) Weight%
Kayastha (1999) —o—'— 2.26 (1.06, 4.82) 73.10
Elzarkaa (2016) I > 3.63(1.04,12.63) 26.90
Overall (I-squared = 0.0%, p = 0.525) 2.57 (1.34,4.91) 100.00
T : T
0.0792 126

results also suggest that high CD44s expression is a
meaningful predictor of poor DFS (HR 2.57, 95 % CI
1.34-4.91). In addition, although no association was
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Begg's funnel plot with pseudo 95% confidence limits
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Fig. 4 Funnel plot of the meta-analysis assessing CD44s expression
and chemotherapy sensitivity in ovarian cancer
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Fig. 5 Sensitivity analysis of the studies assessing CD44v6 expres-
sion and OS

observed in the overall analysis, subgroup analyses showed
that high CD44s expression is correlated with advanced
FIGO stage in Asian subjects (OR 8.08, 95 % CI
4.26-15.32) and membrane and cytoplasm staining pattern
(OR 7.61, 95 % CI 3.26-17.74). Considering the limited
number of studies, we viewed these results as preliminary
and they require validation. Furthermore, OC patients
showing high CD44s expression displayed a low risk of
recurrence (OR 0.20, 95 % CI 0.10-0.39), inconsistent
with the result for chemotherapy sensitivity and DFS. To
better interpret this result, we formulated two hypotheses to
explain the discrepancy. First, multiple factors, such as
FIGO stage and residual mass, could influence the recur-
rence of cancer, and these potential confounding factors are
not counted before analyzed. Second, given that only two
published articles with insufficient sample size were
included, a small-study bias may have arisen from their
results, which may explain the discrepancy.

Similarly, the previous reported relationship between
CD44v6 expression and ovarian carcinoma is disputable.

The present meta-analysis, which includes 724 patients, did
not reveal any association between CD44v6 expression and
FIGO stage, tumor stage, lymphoid nodal metastasis, and
OS in the overall analyses. However, after excluding the
study by Rodriguez—Rodriguez et al. [26], the result of OS
was reversed and the heterogeneity was reduced from 79.6
to 0 %, suggesting that this result was not robust and that
their study contributes to the heterogeneity. To explore the
differences between the study by Rodriguez—Rodriguez
et al. and the five other studies, we re-assessed their paper
and found several possible reasons to explain why this
study caused such heterogeneity First, the study by
Rodriguez—Rodriguez et al. included the largest sample
size in the analysis of CD44v6 OS and is the only one that
has reported that CD44v6 is a good prognostic marker in
OC. Second, the IHC methodology may partly explain the
inconsistency that has possibly resulted from the differ-
ences such as in antibody, cut-off criteria, and staining
pattern. Third, no therapy regimens, such as whether the
patients received preoperative chemotherapy or not, were
described in the manuscript. Given that different thera-
peutic regimens can modify the effects of CD44 expression
[51], it is likely caused the discrepancy. Finally, their study
includes a long follow-up time (1-92 months), and their
result might have been affected by some losses. Therefore,
we cannot draw a definite conclusion regarding the rela-
tionships between CD44v6 and OS of OC patients.

To our best knowledge, this meta-analysis is the first to
systematically analyze the association between CD44
expression and OC. However, some limitations should be
mentioned. First, a relatively large heterogeneity was found
in the majority of the analyses. To identify the source of
heterogeneity, subgroup analyses according to geographic
area of the subjects, staining pattern, sample size, and
analysis type were conducted, but none of them could
completely explain it. In fact, many other factors, such as
age, histological types, cut-off points, antibodies, dilution
ratios, surgical interventions, chemotherapy regimens, and
study design, may contribute to the heterogeneity. Given
that no unified standard exists for some factors and that
detailed data are lacking, conducting further analysis of
these variables would be difficult. Second, as we men-
tioned above, the association between OS and CD44v6
expression is unstable. Third, the present meta-analysis did
not analyze the relationship between OC and other CD44
variants, such as CD44v3, CD44v5, CD44v7-8, and
CD44v9 because of insufficient information. Fourth, sev-
eral clinicopathological and survival parameters, including
distant metastasis, ascites status, microvascular invasion,
tumor size, CA125 level, PFS, and RFS were not analyzed
because of the lack of overlapped data. Finally, some
selection bias may have been caused by the inclusion of
studies published only in English and Chinese. Some
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potential meaningful data published in other languages
were not retrieved. Therefore, future large-scale and well-
designed studies are needed to validate our results and to
further analyze the associations between different CD44
variants and OC.

In conclusion, this meta-analysis found that high
expression of CD44s predicts poor prognosis by initiating
chemotherapy resistance of OC, although this expression
pattern is not an independent predictive factor for OS.
Moreover, high CD44s expression is possibly related to
poor DFES in OC patients, although this conclusion requires
confirmation. The result that CD44v6 expression is possi-
bly not associated with OS in OC should be interpreted
with caution. Further studies must validate and confirm
these associations to achieve a more comprehensive
understanding of their possible roles in OC.
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