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ABSTRACT

Background: The prognostic value of syndecan-1 (SDC1, also called CD138) in breast cancer remains
controversial. Therefore, we performed a meta-analysis to assess the clinical significance of SDC1
expression in breast cancer.
Materials and methods: Various databases were searched to evaluate possible correlations between SDC1
protein or mRNA expression and prognostic significance in breast cancer. Pooled hazard ratios (HRs) and
odds ratios (ORs) with 95% confidence intervals (Cls) were applied to perform a quantitative meta-
analysis.
Results: A total of 1305 breast cancer patients from 9 eligible studies were included in this meta-analysis.
Significant associations between elevated SDC1 protein expression and poor disease-free survival (DFS)
(HR=1.55, 95% CI: 1.12—-2.14; P=0.007) and overall survival (OS) (HR=2.08, 95% CI: 1.61-2.69;
P <0.001) were observed. In addition, enhanced SDC1 protein expression correlated with negative es-
trogen receptor (ER) expression (OR, 2.38; 95% Cl, 1.64—3.44; P < 0.001) and positive human epidermal
growth factor receptor 2 (HER2) expression (OR, 1.77; 95% CI, 1.14—2.76; P = 0.01). However, increased
SDC1 protein expression did not correlate with relapse-free survival (RFS) (HR = 0.33, 95% CI: 0.03—3.13;
P =0.33). There were no additional significant correlations observed between SDC1 protein expression
and other clinical factors, including tumor size, lymph node involvement, nuclear grade, and proges-
terone receptor (PR) expression.
Conclusion: The results of this meta-analysis demonstrate that increased SDC1 protein expression in
breast cancer is significantly associated with worse prognosis in terms of DFS and OS, and an aggressive
phenotype is associated with negative ER expression and positive HER2 expression.

© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.

Introduction

progesterone receptor (PR), human epidermal growth factor re-
ceptor 2 (HER2), and Ki-67. As a result, treatment regimens and

Breast cancer remains a serious disease for females worldwide.
It has been predicted that morbidity due to breast cancer in the
United States in 2018 will account for 30% of all tumors affecting
women [1]. Advances in our knowledge of breast cancer has led to
the identification of several molecular markers for various breast
cancer subtypes. These include estrogen receptor (ER),
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prognostic information have become more individualized accord-
ing to breast cancer type [2]. In addition, molecular surrogates for
breast cancer subtypes have successfully predicted prognostic sig-
nificance in clinical practice [3]. However, breast cancer is a highly
heterogeneous entity and the rates of satisfactory survival outcome
remain to be improved. Thus, there is an urgent need for novel
biomarkers to be identified and developed to provide additional
treatment options for breast cancer.

Syndecan-1 (SDC1, also known as CD138) is a heparan sulfate
proteoglycan (HSPG) that is one of four members of the syndecan
family [4,5]. Previous studies have documented that SDC1 has
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pivotal roles in a variety of pathologic processes, including angio-
genesis, cell proliferation, and cell migration [6,7]. Ibrahim et al. [8]
targeted SDC1 with small interfering RNA in a triple-negative in-
flammatory breast cancer cell line, epidermal growth factor re-
ceptor (EGFR), Notch, and interleukin-6 (IL-6)/signal transducer
and activator of transcription 3 (STAT3) signaling pathways were
affected, providing insight into the role of SDC1 in breast cancer
progression and dissemination. Numerous studies have also char-
acterized the expression profile of SDC1 in various types of cancers,
including breast cancer [9], hepatocellular carcinoma [10], colo-
rectal cancer [11], lung cancer [12], ovarian cancer [13], prostate
cancer [14], gallbladder cancer [15], and gastric cancer [16].

While it has been demonstrated that increased SDC1 expression
is associated with an adverse prognosis in breast cancer [17,18],
other studies have reported opposite results [19,20]. Therefore, in
this study, the prognostic significance of SDC1 expression in breast
cancer was investigated by performing a meta-analysis. The pooled
results were subsequently verified with trial sequential and false-
positive report probability (FPRP) analyses.

Materials and methods
Search strategy

Searches were conducted of the PubMed, Embase, Cochrane
Library, and Web of Science databases through July 9, 2018. The
search terms included, “breast neoplasms”/“breast cancer” and
“syndecan-1“/“SDC1“/“CD138"“.

Inclusion and exclusion criteria

Articles were selected according to the following criteria: (1)
breast cancer patients were investigated, (2) the prognostic value of
SDC1 expression was examined, and (3) studies provided sufficient
prognostic information to extract hazard ratio (HR) and odds ratio
(OR) with 95% confidence interval (CI). Reviews, duplicate studies,
case reports, abstracts, or studies with insufficient data to investi-
gate the relationship between prognostic factors and SDC1
expression in breast cancer were excluded.

Data extraction

Characteristics of eligible studies were extracted independently
by two researchers. The main relevant information recorded
included: author surname, year of publication, country where the
study was conducted, number of patients, survival outcome, sur-
vival analysis method, cut-off values, and types of SDC1 antibody.
Survival information was directly obtained from text and tables of
the studies selected. When hazard ratios (HRs) were not directly
reported, Engauge Digitizer Version 4.1 (http://markummitchell.
github.io/engauge-digitizer/) software was used to extract them
from Kaplan-Meier curves. To evaluate the quality of the included
studies, Newcastle Ottawa Scale (NOS) criteria were applied [21].
Scores >7 indicate high quality.

Statistical analysis

Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines were adopted in the present meta-
analysis [22]. A method for extracting HRs from Kaplan-Meier
curves suggested by Tierney et al. [23] was used. I statistics and
the Q-test were used to assess heterogeneity among eligible studies
[24]. P-values < 0.05 and I? values > 50% were considered to indi-
cate significant heterogeneity. A random effects model or fixed
effects model was subsequently applied as appropriate [25].

Publication bias was evaluated with Begg's and Egger's tests
[26,27]. Sensitivity was analyzed by removing one study at a time.
Triple sequential analysis (TSA) and FPRP analysis were applied to
verify true associations [28,29]. STATA version 12.0 (Stata Corpo-
ration, TX, USA) and Review Manager version 5.3 (Cochrane
Collaboration, Copenhagen, Denmark) software programs were
used to perform two-sided statistical tests. P-values less than 0.05
were considered to be statistically significant.

Results
Identification of relevant studies

A total of 565 potential studies were identified according to the
search strategy described in the Methods. There were 196 dupli-
cates studies which were excluded, as well as a total of 326 reviews,
abstracts, and case reports. After reviewing the full text of the
remaining 43 studies, 9 reviews, 12 studies with no endpoint, and
13 studies with insufficient data were additionally excluded.
Therefore, a total of 9 studies involving 1305 patients were included
in the present meta-analysis [17—20,30—34]. The selection process
is presented in Fig. 1.

Characteristics of eligible studies

Primary characteristics of the included studies are summarized
in Tables 1 and 2. All of the studies were observational in design and
their cumulative NOS score was 7, indicating the studies were of
high quality. All SDC1 mRNA expression studies were excluded for
insufficient date. All nine eligible studies investigated the rela-
tionship between SDC1 protein expression and prognostic param-
eters of breast cancer. SDC1 protein expression was detected with
immunohistochemistry (IHC), the antibodies and cut-off values
used to detect SDC1 protein expression varied among the individ-
ual studies. Herein, the proportion of patients identified as having
high SDC1 levels ranged from 19.7% to 83%.

Correlation between SDC1 protein expression and patient survival

Only two of the selected studies investigated a correlation be-
tween SDC1 protein expression and relapse-free survival (RFS) and
no significant correlation was observed (HR=0.33, 95% CI:
0.03—3.13; P=0.33) (Fig. 2A). Due to significant heterogeneity of
the data (P = 0.003, I = 89%), a random-effects model was applied.
Increased SDC1 protein expression was also found to be signifi-
cantly associated with poor prognosis in terms of disease-free
survival (DFS) (n=3; HR=1.55, 95% CI: 112—-2.14; P=0.007)
(Fig. 2B) and overall survival (OS) (n=5; HR=2.08, 95% CI:
1.61-2.69; P < 0.001) (Fig. 2C) of breast cancer. Thus, a fixed effects
model was applied because no obvious heterogeneity was observed
(DES, P=0.25, I =29%; 0S, P = 0.74, I = 0%).

Correlation between SDC1 protein expression and other clinical
factors

Correlations between elevated SDC1 protein expression and
other clinical factors of breast cancer are comprehensively assessed
(Table 3). In particular, up-regulation of SDC1 protein expression
was found to be related to negative ER expression (n =5; OR, 2.38;
95% (I, 1.64—3.44; P <0.001). Conversely, enhanced SDC1 protein
expression was found to correlate with positive HER2 expression
(n=4,; OR,1.77; 95% CI,1.14—2.76; P = 0.01). For both correlations, a
fixed effect model was applied due to an absence of significant
heterogeneity (P = 0.40, I> = 1% and P = 0.16, I> = 43%, respectively).

There were no statistically significant correlations observed
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Fig. 1. Flow chart summarizing the study selection process used.

Table 1

Characteristics of eligible studies.
Publication Year Country Cancer subtype No. of patients Median age, years (range) Follow-up time, months (Median, range) Outcome Survival NOS (score)

analysis

Baba 2006 America BC 207 58 (range, 23—87) 74.4 [N K-M method 7
Barbareschi 2003 Italy BC 254 56.1 86 (range, 6—178) DFS, OS Multivariate 8
Choi 2013 Korea Invasive BC 100 49.5 (range, 29—77) 62.8 (range, 12.8—103.3) DFS Multivariate 7
Conklin 2018 America DCIS 227 55.9 174 (range, 8.4—211.2) RFS K-M method 8
Leivonen 2014 Finland Invasive BC 200 56.4 (range, 26—85) 208.8 (range, 33.6—240) 0s K-M method 8
Lendorf 2011 Finland BC 114 52 (range, 16—88) NR NR NR 7
Lim 2014 Singapore BC 61 52.2 (range, 28—90) 54 oS K-M method 7
Loussouarn 2008 France Invasive BC 80 72.7 (range, 44—95) 85.2 (range, 54—118.8) RFS Multivariate 8
Nguyen 2013 America Advanced BC 62 52 (range, 30—83) 55.2 DFS, OS K-M method 8

BC, breast cancer; DCIS, ductal carcinoma in situ; NR, not reported; RFS, relapse-free survival; DFS, disease-free survival; OS, overall survival; K-M, Kaplan-Meier; NOS,
Newcastle Ottawa Scale.

between SDC1 protein expression and the other clinical parameters
examined, including tumor size (n =5, OR, 0.72; 95% CI, 0.42—1.24;
P=0.24), lymph node metastasis (n=4, OR, 0.87; 95% (I,
0.43-1.78; P=0.71), nuclear grade (n=6, OR, 1.03; 95% (I,
0.47—2.22; P=0.95), and PR expression (n=>5, OR, 0.88; 95% (I,
0.45—-1.70; P=0.70).

Publication bias and sensitivity analysis

No evidence of publication bias was detected according to

Begg's test (DFS, P=1.000; OS, P=0.462) or Egger's test (DFS,
P=0.881; OS, P=0.371). Moreover, the pooled HRs for both DFS
(Fig. A.1A) and OS (Fig. A.1B) were verified in a sensitivity analysis.

Trial sequential and false-positive report probability (FPRP) analyses

A trial sequential analysis was performed to verify the pooled
results of the meta-analysis. Both the cumulative Z-curve (blue line)
crosses both the traditional boundary line and the trial sequential
monitoring boundary (red line), and the cumulative information



W. Qiao et al. / European Journal of Surgical Oncology 45 (2019) 1132—1137 1135
Table 2
Methods of quantitative SDC1 measurement of eligible studies.
Publication Year SDC Detection SDC1 Staining location Antibody Cut-off value (low/high High SDC1
phenotype method expression level) expression
Baba 2006 SDC1 IHC protein Membrane and cytoplasmic anti-SDC1 (BB4,4 pug/ml, high (IHC score>6.5) 26.2% (54/206)
location Serotec)
Barbareschi 2003 SDC1 IHC protein Membrane,cytoplasmic,and anti-SDC1 (BB4, Serotec)  high (stained >10%) 42% (106/254)
both
Choi 2013 SDC1 IHC protein Membranous and cytoplasmic  anti-SDC1 (1:40, Abcam, high (stained >50%) 29% (29/100)
staining UK)
Conklin 2018 SDC1 IHC protein Stromal staining anti-SDC1 (BB4, Serotec)  high (stained >21%) 55% (125/227)
Leivonen 2014 SDC1 IHC protein Stromal staining anti-SDC1 (BB4, Serotec)  high (stained >5%) 39% (78/200)
Lendorf 2011 SDC1 IHC protein Stromal staining anti-SDC1 (BB4, Abcam, high (stained >5%) 72.8% (83/114)
UK)
Lim 2014 SDC1 IHC protein Epithelial staining anti-SDC1 (DL-101,Santa  high (IRS >100) 19.7% (12/61)
Cruz)
Loussouarn 2008 SDC1 [HC protein Epithelial staining anti-SDC1 high (stained >10%) 61.3% (49/80)
(MI15,1:100,Dako)
Nguyen 2013 SDC1 IHC protein Epithelial staining anti-SDC1 high (stained >5%) 83% (51/62)
(MI15,1:100,Dako)
[HC, immunohistochemistry.
A. RES Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight V. Random, 95% CI
Conklin 2018 -0.0834 0.1468 55.3% 0.92[0.69, 1.23]

Loussouarn 2008 -2.4079 0.7674 44.7% 0.09[0.02, 0.41]

Total (95% CI) 100.0% 0.33[0.03, 3.13]
Heterogeneity: Tau? = 2.40; Chiz = 8.85, df = 1 (P = 0.003); |2 = 89% ’0 o1 01 : 1‘0 100
Test for overall effect: Z = 0.97 (P = 0.33) Favours [low level] Favours [high level]
B. DFS Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Barbareschi 2003 0.3075 0.1994 67.8% 1.36[0.92, 2.01]
Choi 2013 0.1133 05791 8.0% 1.12[0.36, 3.48] ]
Nguyen 2013 0.9163 0.3336 24.2% 2.50[1.30, 4.81] ——
Total (95% Cl) 100.0% 1.55 [1.12, 2.14] <&
Heterogeneity: Chiz = 2.80, df = 2 (P = 0.25); I2 = 29% ’0 i 0‘ 7 ; 1=0 3 00’
Test for overall effect: Z = 2.68 (P = 0.007) Favours [low level] Favours [high level]
C. 0S Hazard Ratio Hazard Ratio
r r log[Hazard Rati E_Weight IV, Fix % Cl IV, Fixed, 95% Cl
Baba 2006 0.7129 0.3198 16.7% 2.04[1.09, 3.82] ——
Barbareschi 2003 0.5365 0.2345 31.0% 1.71[1.08,2.71] &
Leivonen 2004 1.0043 0279 21.9% 2.73[1.58,4.72] —=
Lim 2014 0.6471 0.3053 18.3% 1.91[1.05,3.47] .
Nguyen 2013 0.9163 0.3745 12.2% 2.50[1.20, 5.21] —_
Total (95% CI) 100.0% 2.08 [1.61, 2.69] L 4
Heterogeneity: Chiz = 1.97, df = 4 (P = 0.74); I= 0% ’0 o 0‘ p ; 1=0 , 00’

Test for overall effect: Z = 5.63 (P < 0.00001) Favours [low level]

Favours [high level]

Fig. 2. Forest plots depicting correlations between SDC1 protein expression and (A) RFS, (B) DFS, and (C) OS among the breast cancer patients examined.

Table 3
Meta-analysis of the correlation between SDC1 expression and clinicopathological factors of breast cancer.

Clinicopathological parameter No. of studies No. of patients OR (95% CI) P-value Heterogeneity

1% (%) P-value
ER (- vs. +) 5 1108 2.38 (1.64—3.44) <0.001 1 0.40
HER2 (+vs. -) 4 750 1.77 (1.14-2.76) 0.01 43 0.16
Tumor size (large vs. small) 5 831 0.72 (0.42—1.24) 0.24 0 0.59
Lymph node (+vs. -) 4 725 0.87 (0.43—-1.78) 0.71 59 0.06
Nuclear grade (3 vs. 1 and 2) 6 1058 1.03 (0.47-2.22) 0.95 76 <0.001
PR (+vs. -) 5 1108 0.88 (0.45—-1.70) 0.70 67 0.02

ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; OR, odds ratio.

reaches the required information size (RIS) for DFS (Fig. A.2A) and
OS (Fig. A.2B).

In addition, survival outcomes were subjected to a FPRP anal-
ysis. With a prior probability of 0.01, only a positive association with

0S was observed (FPRP < 0.001). Meanwhile, the FPRP values for
RFS and DFS were both >0.2, indicating that these correlations were
not truly significant (Table 4).
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Table 4
False-positive report probability analysis for values of RFS, DFS, and OS.

Survival outcome Crude HR (95% CI) P-value Statistical power Prior probability

0.25 0.1 0.01 0.001 0.0001
RFS 0.33 (0.03—3.13) 0.334 0.270 0.788 0.918 0.992 0.999 1.000
DFS 1.55 (1.12-2.14) 0.007 0.421 0.052 0.142 0.645 0.948 0.995
oS 2.08 (1.61-2.69) <0.001 0.006 <0.001 <0.001 <0.001 0.004 0.036

RFS, relapse-free survival; DFS, disease-free survival; OS, overall survival.

Discussion

To our knowledge, this is the first meta-analysis to examine a
possible correlation between SDC1 protein expression and the
prognosis and clinical parameters of breast cancer patients.
Remarkably, in patients with increased SDC1 protein expression,
their OS and DFS were found to correlate with worse prognosis.
However, the results of the TSA and FPRP analyses that we per-
formed only validated the OS correlation. Meanwhile, no mean-
ingful correlation was identified between RFS and SDC1 protein
expression. The latter result may be due to selection bias of the
eligible studies involving RFS. For example, in one study [19], a
correlation between RFS and SDC1 protein expression was found
in early stage breast cancer patients with ductal carcinoma in situ
(DCIS), while the mean age of included patients was 72.7 years in
another study [20]. Therefore, the insignificant correlation be-
tween RFS and SDC1 protein expression might be owing to these
selection bias. In addition, Tiemann et al. [35] reported that SDC1
protein expression did not correlate with RFS in DCIS of the
breast, however, smoking was an important confounding factor
influencing RFS (P =0.008). Cui et al. [36] further demonstrated
that higher levels of SDC1 mRNA expression were associated with
a worse RFS, distant metastasis-free survival (DMFS), and OS in
breast cancer based on an analysis of Kaplan-Meier data extrac-
ted from oncogene expression array datasets. Indeed, numerous
studies have focused on the association between SDC1 expres-
sion and prognosis among various cancer patients. For example,
in glioma patients, Shi et al. [37] observed a shorter survival
period was associated with higher SDC1 protein expression. In
prostate cancer, Szarvas et al. [38] also found that high levels of
SDC1 protein expression were associated with adverse disease-
specific survival (DSS) and OS. Hu et al. [39] demonstrated that
SDC1 induces apoptosis by suppressing signaling via 3’-phos-
phoinositide-dependent kinase 1 (PDK1)/Akt/bad and docosa-
hexaenoic acid in prostate cancer. However, Beauvais et al. [40]
described the ability of SDC1 to inhibit apoptosis in myeloma
cells via activation of the insulin like growth factor-1 receptor
(IGF1R) signaling pathway. Similarly, enhanced stromal SDC1
protein expression was found to correlate with poor DSS and
metastasis-free survival (MSS) in bladder cancer [41]. However,
Parimon et al. [42] reported that high mRNA expression of SDC1
was associated with better OS in patients with lung cancer and
Kim et al. [43] reported that strong SDC1 protein expression in
the cytoplasm was related to better survival in cervical cancer. In
addition, a meta-analysis conducted by Wei et al. [44], SDC1
protein expression was not found to correlate with prognosis in
colorectal cancer patients. Thus, previous studies have demon-
strated that the prognostic value of SDC1 expression varies
among individual cancer types. This variability can be attributed
to the various extents that SDC1 expression contributes to clin-
ical pathological significance and signaling pathways in different
tumors.

Additionally, we assessed possible correlations between
elevated SDC1 protein expression and the clinicopathological

parameters of the breast cancer patients examined. A notable
observation was that enhanced SDC1 protein expression was
associated with an aggressive breast cancer phenotype character-
ized by negative ER expression and positive HER2 expression.
Malek-Hosseini et al. [45] also reported that SDC1 protein expres-
sion significantly correlates with breast tumor size. In addition,
several studies [18,32] reported that higher levels of SDC1 protein
expression positively correlated with a higher nuclear grade of
breast cancer. This same aggressive phenotype was also found to
encompass negative ER expression, positive HER2 expression,
larger tumor size and higher nuclear grade in other studies
[3,46—48], and to correlate with an adverse prognosis. Further-
more, this phenotype is consistent with the shorter DFS and OS that
were observed for the breast cancer patients with these charac-
teristics in the present study. Gotte et al. [49] further observed that
the response of breast cancer patients with elevated SDC1 protein
expression to neoadjuvant chemotherapy was reduced. However,
numerous studies have demonstrated that pathological complete
response rate can be an indicator of favorable prognosis in breast
cancer [50,51]. Therefore, further investigations are needed to
validate the efficacy of applying SDC1 inhibitors to enhance sensi-
tivity to chemotherapy for breast cancer.

There were several limitations associated with this meta-
analysis. First, the eligible studies were observational and pub-
lished in English. These conditions may have led to recall bias and
selection bias, respectively. Second, some of the HRs were extracted
from Kaplan-Meier curves since they were not directly reported.
This also may have impacted the stability of the pooled results.
Finally, the involved sample size is relatively small in the meta-
analysis.

In conclusion, the results of our meta-analysis indicate that an
increase in SDC1 protein expression is associated with worse
prognosis and an aggressive phenotype in breast cancer. Thus, the
potential for SDC1 protein expression to serve as a prognostic in-
dicator for breast cancer should be further investigated.
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