Original Article

Prognostic value of stromal decorin expression in patients with
breast cancer: a meta-analysis

Shuang-Jiang Li'*, Da-Li Chen'*, Wen-Biao Zhang’, Cheng Shen', Guo-Wei Che'

'Department of Thoracic Surgery, *Lung Cancer Center, West China Hospital, Sichuan University, Chengdu 610041, China

Contributions: (I) Conception and design: DL Chen, SJ Li; (II) Administrative support: None; (III) Provision of study materials or patients: All
authors; (IV) Collection and assembly of data: SJ Li, WB Zhang; (V) Data analysis and interpretation: SJ Li, DL Chen, C Shen, GW Che; (VI)
Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Guo-Wei Che. Department of Thoracic Surgery, West China Hospital, Sichuan University, Guoxuexiang No. 37, Chengdu
610041, China. Email: guowei_che@yahoo.com.

Background: Numbers of studies have investigated the biological functions of decorin (DCN) in
oncogenesis, tumor progression, angiogenesis and metastasis. Although many of them aim to highlight the
prognostic value of stromal DCN expression in breast cancer, some controversial results still exist and a
consensus has not been reached until now. Therefore, our meta-analysis aims to determine the prognostic
significance of stromal DCN expression in breast cancer patients.

Methods: PubMed, EMBASE, the Web of Science and China National Knowledge Infrastructure (CINKI)
databases were searched for full-text literatures met out inclusion criteria. We applied the hazard ratio
(HR) with 95% confidence interval (CI) as the appropriate summarized statistics. Q-test and I’ statistic
were employed to estimate the level of heterogeneity across the included studies. Sensitivity analysis was
conducted to further identify the possible origins of heterogeneity. The publication bias was detected by
Begg’s test and Egger’s test.

Results: There were three English literatures (involving 6 studies) included into our meta-analysis. On
the one hand, both the summarized outcomes based on univariate analysis (HHR: 0.513; 95% CI: 0.406-
0.648; P<0.001) and multivariate analysis (HR: 0.544; 95% CI: 0.388-0.763; P<0.001) indicated that stromal
DCN expression could promise the high cancer-specific survival (CSS) of breast cancer patients. On the
other hand, both the summarized outcomes based on univariate analysis (HR: 0.504; 95% CI: 0.389-0.651;
P<0.001) and multivariate analysis (HHR: 0.568; 95% CI: 0.400-0.806; P=0.002) also indicated that stromal
DCN expression was positively associated with high disease-free survival (DFS) of breast cancer patients. No
significant heterogeneity or publication bias was observed within this meta-analysis.

Conclusions: The present evidences indicate that high stromal DCN expression can significantly predict
the good prognosis in patients with breast cancer. The discoveries from our meta-analysis have better be

confirmed in the updated review pooling more relevant investigations in the future.
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Introduction

Breast cancer is generally regarded as the most common
malignant disease in female patients. It is nearly the No. 1
cancer diagnosed among Chinese women especially those in
urban areas, and the second leading cause of cancer-related
deaths in women around the world (1,2). On the basis of
the statistical records in the last decade, the incidence and
mortality of breast cancer have gradually increased (1,3).
According to authoritative estimation, approximately
1.7 million newly diagnosed cases and 0.5 million deaths
per year were caused by breast cancer around the world
in recent years (4). To deal with such a great challenge
to women health, systematic neo-adjuvant or adjuvant
therapies, such as chemotherapy, radiotherapy and
hormonal therapy, are developed and have largely improved
the prognosis of breast cancer (5,6). However, the survival
outcomes of breast cancer patients are still not optimistic,
especially in high-risk patients, such as the elderly and
those with long-term use of oral contraceptives (7,8).
Therefore, it has been increasingly necessary to identify an
effective biomarker for accurately predicting the prognosis
of breast cancer patients.

In recent years, oncologists have increasingly paid
attention to the potential biological functions of Decorin
(DCN), the most extensively studied representative of small
leucinerich proteoglycans (SLRPs) in extracellular matrix
(ECM), in many common malignances including breast
cancer (9). A large number of studies have investigated its
role in oncogenesis, tumor progression, angiogenesis and
metastasis. Many laboratorial investigations have identified
the potential molecular mechanisms mediating the impacts
of stromal DCN expression on the biological characteristics
of malignances (10). However, far fewer clinical studies
addressing the association between stromal DCN
expression and disease prognosis are reported up to now.
The prognostic significance of DCN expression varies in
many cancers including lung cancer (11), glioblastoma (12),
spindle cell sarcomas (13) and breast cancer (14-17).
Although most of these available evidences aim to highlight
the prognostic value of stromal DCN expression in breast
cancer, some controversial results still exist and a consensus
has not been reached until now.

Based on applying the evidence-based methods to a
larger number of pooled samples from eligible studies,
the pooled outcomes may help oncologists to clarify the
prognostic value of DCN in breast cancer. Therefore, we
conducted this meta-analysis to evaluate the prognostic
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value of stromal DCN expression in breast cancer
patients with detailed subdivision and comprehensive
assessment.

Materials and methods

A systematic review and meta-analysis does not require
necessary patients’ consent or ethical approval. We carried
out this meta-analysis in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (18). The additional PRISMA 2009
checklist is given in the Supplementary data 1.

Searching strategies

No language limitations were applied in this meta-analysis.
Four electronic databases including PubMed, EMBASE,
the Web of Science and China National Knowledge
Infrastructure (CNKI) were selected for identification of
the eligible literatures published up to June 2015. Four
searching strings were combined with several key words and
the Boolean operators “AND” and “OR”. The key words
are listed as follows: (I) “decorin or DCN”; (II) “breast
cancer or breast carcinoma or breast neoplasm or breast
tumor”; (III) “mammary cancer or mammary carcinoma
or mammary neoplasm or mammary tumor”. The full
search details using these terms were summarized in the
Supplementary data 2. Additionally, we also manually
searched the reference lists of relevant papers to identify
any one included study with no duplication.

Inclusion and exclusion criteria

The following inclusion and exclusion criteria were
established to determine the eligible literatures for our
meta-analysis.

Inclusion criteria: (I) the target disease is breast cancer,
benign diseases in the mammary glands and ducts are
not considered; (II) the expression level of stromal DCN
is evaluated independently rather than in company with
other markers; (III) demographic data or survival curves are
available in original literatures, and the endpoints prefer
to be the cancer-specific survival (CSS) and disease-free
survival (DFS); (IV) the associated statistical results
including hazard ratio (HR), relative risk (RR) and odds
ratio (OR) from multivariate analysis and/or univariate
analysis, are directly reported in original literatures.

Exclusion criteria: (I) the specific types of literatures
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including reviews, preclinical experiments, letters,
conference abstracts and comments are excluded; (II) the
survival outcomes are not associated with DCN expression
in breast cancer cases; (III) DCN expression in the
malignant epithelium of breast cancer are not considered.

Quality assessment

Newecastle-Ottawa Scale (NOS) was applied to estimate
the quality of original non-randomized studies (19). Three
perspectives involving selection, comparability and exposure
were considered for a semi-quantitative estimation. The
“star system” with a maximum of 9 stars was applied as the
assessment tool. After grading all of the included studies,
we regarded 8-9 stars as a good quality, 6-7 stars as a fair
quality, and lower than 6 stars as a poor quality.

Data collection

We designed an Excel sheet to collect the following details:
(I) publication data including authors, publication year
and nations; (II) experimental data including study design,
study period, detecting materials, detecting methods,
cut-off values and follow-ups; (III) demographic data
including enrolled samples, ages, receptor status and the
number of patients with positive expression and negative
expression of DCN; (IV) statistical data including survival
analyses, published statistics with 95% confidence interval
(CI) based on multivariate analysis and/or univariate
analysis, and the sources of these conducted outcomes.

Statistical analysis

In this meta-analysis, we determined to apply the HR with
95% CI as the appropriate summarized statistics. HR is
generally regarded as the only statistical parameter compatible
for both censoring and time-to-events (20). However,
there were many papers just displaying the survival
rate with P value from log-rank test or Kaplan-Meier
(K-M) survival curves, to reflect the survival outcomes.
Tierney et al. (21) have reported a practical method to
extract the HR with 95% CI using the published survival
data and K-M curves, and incorporate them into meta-
analysis. Therefore, if the HRs were not reported in
original literatures, we determined to calculate them
using the survival rates, analyzed events and P value from
log-rank test in accordance with the described instructions.
The referred formulas are displayed as follows:
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O—F = \/T otal observed events x Analyzed researchx Analyzed control

(Analyzed research+ Analyzed control)
x(Z score for Pvalue/2)

- Total observed events x Analyzed research x Analyzed control

(Analyzed research+ Analyzed control)’
HR = exp(—%)

In which O-E is the log rank Observed minus Expected
events and V is the log rank Variance (21). Then we extracted
the survival details by Engauge Digitizer 4.1 (http://
sourceforge.net) from the K-M curves to measure the
accuracy of estimated HRs. Moreover, the RRs conducted
from multivariate analysis could be directly considered as
HRs and incorporated into our meta-analysis (22). As for the
ORs reported in some studies, we transformed them into
RRs using the following formula:

OR

R P) e (Prom)]

Where the P value is the incidence of the outcome of
interest in the non-exposed group (23).

However, these calculated survival outcomes are based
on univariate analysis instead of multivariate analysis, which
means that other possible confounders cannot be adequately
eliminated (21). Therefore, to correctly interpret the
final conclusion, we pooled the individual outcomes from
univariate analysis and multivariate analysis, respectively.
Then, we determined the prognostic value of DCN in
breast cancer according to the comprehensive assessment of
the summarized outcomes based on both univariate analysis
and multivariate analysis.

Q-test and I statistic were employed to estimate the
level of heterogeneity across the included studies. Fine
heterogeneity was defined as I’'<40% and P>0.1, and a fixed-
effect model test was determined at the same time. On the
contrary, the random-effect model test would be performed
if the significant heterogeneity was revealed within this
meta-analysis (I"’>40% or P<0.1) (24). Sensitivity analysis
was carried out to further identify the possible origins of
heterogeneity. Then, the identified study which possibly
contributed to the high heterogeneity would be excluded and
a repeated meta-analysis of the remaining studies was applied
for adjustments. The strong robustness of our meta-analysis
would be confirmed if there were no substantial varies
between the adjusted outcomes and primary outcomes (25).

Finally, the potential publication bias in this meta-analysis
was assessed by both Begg’s test and Egger’s test. Its
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Figure 1 PRISMA flow diagram of the literatures retrieval. CNKI, China National Knowledge Infrastructure; DCN, decorin; CSS, cancer-
specific survival; DFS, disease-free survival; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

presence was suggested by the symmetry of funnel plot
conducted by Begg’s test, and in which log HR was plotted
against their corresponding standard errors (SEs) (26). The
significant bias would be confirmed if P value<0.05. All the
procedures of statistical analysis were accomplished by STATA
12.0 (STATA Corporation, College Station, TX, USA).

Results
The selection of included studies

In accordance with the described searching strategies, a total
of 593 citations were identified by searching through the
selected four electronic databases, including 134 citations
in PubMed, 110 citations in EMBASE (via Ovid interface),
212 citations in the Web of Science (via the campus network
of Sichuan University) and 137 citations in CNKI. After
excluding the duplicated records, 331 literatures entered
into the initial filtration, which was based on screening
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the titles and abstracts. Then, after excluding 216 of them
due to the unqualified literature types, including 80 reviews,
106 laboratory experiments and 30 conference abstracts,
letters or comments, the further filtration was conducted by
reading through the full-text of remaining literatures. After
that, there were 13 full-text literatures identified for possible
eligibility in our meta-analysis. The associated details of the
102 excluded literatures were briefly summarized in Figure 1.
Finally only three English literatures were determined to
be included in this meta-analysis, which contained 6 studies
assessing the prognostic value of DCN for CSS or DFS
(14-16). The other 10 literatures were excluded for the
final quantitative analysis (17,27-35), and the reasons for
exclusion were briefly summarized in Table 1.

The characteristics of included studies

The basic characteristics of the three eligible literatures
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Table 1 Summary of the 10 lastly excluded literatures

1943

No. Study Nation Design Language Enrolled Reason for exclusion

samples
1 Cawthornetal. (17) Canada ROS  English 967 DCN expression was mainly analyzed in epithelium instead of stroma
2 Brownetal. (27) USA ROS English 68 Comparison of DCN expression between normal and malignant tissues
3 Grigorievaetal. (28) Russia ROS  English 74 No extractable data
4 Ishiba et al. (29) Japan ROS  English 72 No extractable data
5 Leygue et al. (30) Canada ROS  English 46  No extractable data
6 Odaetal (31) Japan ROS  English 120 Clinicopathological features instead of prognosis were investigated
7 Reedetal (32) USA CCS English 1,641 Investigated the genetic variations of stromal DCN
8 Caoetal (33) China ROS Chinese 38 Comparison of DCN expression between normal and malignant tissues
9 Songetal (34) China ROS Chinese 38 Comparison of DCN expression between normal and malignant tissues
10 Wang et al. (35) China ROS Chinese 90 No extractable data

ROS, retrospective observational study; CCS, case-control study; DCN, decorin.

(14-16) are listed in Table 2. Mefford et al. (15) reported
four cohort studies based on four independent datasets from
different institutions, including two studies focusing on the
CSS outcomes and the other two studies investigating the
prognostic significance of stromal DCN expression for DFS
in breast cancer patients. Thus, the three eligible literatures
actually contained 6 included studies and all of them were
retrospective observational studies. A total of 917 breast
cancer cases were enrolled in the present meta-analysis, with
65 to 236 patients in each included study. These studies were
published between 2003 and 2013, and their enrolled samples
ranged from 1987 to 2003. Positive DCN expression was
targeted in the stromal tissues of breast. The samples used by
most researchers were prepared from frozen tissues except
that paraffin-embedded tissues were used in one study (16).
The detecting methods and their corresponding defined cut-
offs varied in different investigations. The four cohort studies
reported by Mefford et a/. (15) were based on four independent
datasets including Uppsala dataset (Sweden), Mainz dataset
(Germany), San Francisco dataset (USA) and Stockholm
dataset (Sweden). All of these studies published the HRs
with 95% CI conducted from both univariate analysis and
multivariate analysis. Troup et a/. (14) reported the analyzed
events, K-M curves and corresponding P values for overall
survival (OS), CSS and DFS. However, only the results related
to OS and DFS from both univariate analysis and multivariate
analysis were published, and the decisive factor was OR instead
of HR. The last included study was conducted by Van Bockstal
et al. (16). It only analyzed the prognostic significance of
stromal DCN expression for DFS but showed no associated
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results from multivariate analysis. The other characteristics
of these 3 literatures are summarized in 7able 2, including
the expression of estrogen-receptor (ER) and progesterone-
receptor (PR), follow-ups and statistical details. In addition,
the quality level of each included study was represented by the
number of stars (Table 2). Their details are listed in Tizble S1 (see
Supplementary data 3).

Assessment of the association between stromal DCN
expression and CSS

Three included studies (from two literatures) (14,15) focused
on the prognostic significance of stromal DCN expression
for CSS in breast cancer, which conducted three survival
results from univariate analysis (14,15) and two results from
multivariate analysis (15). On the one hand, the pooled HR
based on univariate analysis was 0.513 (95% CI: 0.406-0.648;
P<0.001) (7able 3 and Figure 2A), indicating that stromal
DCN expression might be a strong predictor of higher
CSS in breast cancer patients. Meanwhile, the fixed-effect
model was determined by the low heterogeneity (I’=6.6%,
P=0.343). On the other hand, the pooled HR based on
multivariate analysis also revealed the significantly higher
CSS in patients with positive expression of DCN compared
to those with negative expression of DCN (HR: 0.544;
95% CI: 0.388-0.763; P<0.001) (7able 3 and Figure 2B)
with a fixed-effect model (I°=0.0%, P=0.388). These
two pooled analyses both indicated that stromal DCN
expression might promise the good prognosis for CSS in
patients with breast cancer.
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Table 3 Summary of the pooled outcomes assessing the prognostic value of stromal DCN expression in patients with breast cancer
Survival . Enrolled Heterogeneity .
Analysis N ) Model Pooled HR (95% CI) P value Conclusion

outcomes samples (I°, P value)
CSss u 2 535 [’=6.6%, P=0.343 Fixed 0.513 (0.406-0.648) <0.001 Significant

M 1 395 I’=0.0%, P=0.388 Fixed 0.544 (0.388-0.763) <0.001 Significant
DFS U 3 522 1’=0.0%, P=0.633 Fixed 0.504 (0.389-0.651) <0.001 Significant

M 2 457 1’=0.0%, P=0.734 Fixed 0.568 (0.400-0.806) 0.002 Significant

CSS, cancer-specific survival; DFS, disease-free survival; U, univariate analysis; M, multivariate analysis; N, reference count; HR, hazard

ratio; Cl, confidence interval; DCN, decorin.

Study %
HR (95% CI) Weight
[
|
Troup S et al. (2003) — 057 (0.38,0.86) 32.95
1
[
Mefford D et al. Uppsala (2012) —.—|— 0.41(0.28,0.60) 37.49
1
l
Mefford D et al. Stockholm (2012) —————— 0.60(0.39,0.92) 2956
|
Overall (I-squared =6.6%, P=0.343) <> 051(041,065) 100,00
1
l
1
1
1
T T
0.28 1 3.57
Study %
HR (95% CI) Weight

T
i
Mefford D et al. Uppsala (2012) H—}—

0.48(0.31,0.75) 58.78

Mefford D et al. (2012) —— 065(0.39,1.12) 41.22

Overall (Isquared =0.0%, P=0.388) <>

0.54(0.39,0.76) 100.00

T T
0.31 1 3.23

Figure 2 Pooled HRs based on (A) univariate analysis and (B)
multivariate analysis for assessing the prognostic value of stromal
DCN expression for CSS in patients with breast cancer. HR, hazard
ratio; CI, confidence interval; DCN, decorin; CSS, cancer-specific

survival.

Assessment of the association between stromal DCN
expression and DFS

We pooled four DFS outcomes based on univariate analysis
from three literatures (14-16) and three DFS outcomes
based on multivariate analysis from two literatures (14,15),
respectively. The summarized HR of univariate analysis was
0.504 (95% CI: 0.389-0.651; P<0.001) (Trble 3 and Figure 34),
revealing that stromal DCN expression was positively

© Journal of Thoracic Disease. All rights reserved.

associated with high DFS of patients with breast cancer.
Meanwhile, the summarized outcomes of multivariate
analysis also showed the statistically significant relationship
between stromal DCN expression and better DFS of
breast cancer (HR: 0.568; 95% CI: 0.400-0.806; P=0.002)
(1able 3 and Figure 3B). Additionally, the low heterogeneity
was observed among these included studies and a fixed-
effect model was performed (univariate analysis: 1°’=0.0%,
P=0.633; multivariate analysis: I'=0.0%, P=0.734).

Sensitivity analysis

We performed a further sensitivity analysis and additional
adjustments in both assessments of the prognostic value of
stromal DCN expression for CSS and DFS in breast cancer
patients. All of the forest plots conducted from sensitivity
analysis were shown as Figure 4. We identified none of the
independent outcomes from included studies was out of the
estimated ranges by visually inspecting these forest plots.
Therefore, the leave-one-out method and repeated analysis
of the rest studies were no more necessary. The strong
robustness of our meta-analysis was thus clarified.

Publication bias

There was no evidence for publication bias observed within
this meta-analysis, which were examined by both Begg’s
test and Egger’s test. The funnel plots conducted from
Begg’s test and corresponding P values were shown in
the Supplementary data 3 (Figures S1,52 and Table S2).
Moreover, we must warn about the poor efficacy of both
Begg’s test and Egger’s test when far fewer than 20 studies
met the inclusion of meta-analysis. The poor sensitivity
of both Begg’s test and Egger’s test should be seriously
concerned due to the lack of enough number of included
studies in our meta-analysis.
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Study %
HR (95% CI) Weight
I
Troup S et al. (2003) —:.— 0.62(0.40,0.94) 36.46
I
Mefford D et al. Mainz (2012) + 0.43(0.25,0.72) 2363
|
Mefford D et al. San Francisco (2012) —-— 0.50(0.30,0.82) 26.16
I
Van Bockstal M et al. (2013) —_— 0.39(0.20,0.78) 13.75
|
Overall (I-squared =0.0%, P=0.633) <> 0.50 (0.39, 0.65) 100.00
I
|
I
T L T
0.196 511
Study %

HR(95%Cl)  Weight

Troup S et al. (2003)

i
=
|
|
Mefford D et al. Mainz (2012) —_——
|

Mefford D et al. Francisco (2012)

0.46(0.21,0.99) 20.05

0.67(0.37,1.20) 35.32

0.55(0.33,0.94) 44.63

Overall (I-squared =0.0%, P=0.734) 0.57(0.40,0.81) 100.00

T T
0.208 1 481

Figure 3 Pooled HRs based on (A) univariate analysis and (B)
multivariate analysis for assessing the prognostic value of stromal
DCN expression for DFS in patients with breast cancer. HR,
hazard ratio; CI, confidence interval; DCN, decorin; DFS, disease-

free survival.

Discussion

"To the best of our knowledge, our investigation is the first
comprehensive and detailed meta-analysis to evaluate the
prognostic value of stromal DCN expression in patients
with breast cancer, although only three eligible literatures
are available at present. We determined to apply the CSS
and DFS as the summarized endpoints in our meta-analysis.
Compared to OS, the patients’ death caused by non-malignant
diseases or accidents will be eliminated adequately for
extrapolating the CSS and DFS. Thus, CSS and DFS
may better reflect the relationship between stromal DCN
expression and cancer-related survival. After pooled analysis
of both CSS and DFS, we demonstrate that high expression
level of stromal DCN can predict the good prognosis in
patients with breast cancer.

DCN is firstly separated and purified in 1978 (36). As
a SLRP in stromal tissues, DCN is identified to be a key
factor for some specific procedures of oncogenesis and
tumor progression by latest investigations. Of course, the
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assistant functions of other SLRPs cannot be ignored.
A laboratory study reported by Csordas et 4/. (37) shows
that stable expression of DCN can suppress the functions
of epidermal growth factor receptor (EGFR) by directly
down-regulating the activity of EGFR and EGFR kinase
in vivo and inhibiting the EGFR-mediated mobilization
of intracellular calcium. Similarly, Santra er al. (38)
also discover the potential anti-oncogenic role of DCN
in down-regulating the activity of ErbB family to
suppress mammary carcinoma cell growth and affect their
differentiation grades. DCN has also been proved as a
significant suppressor of intracellular B-catenin to inhibit
cell growth and migration (10). Given these discoveries,
many oncologists recommend that DCN may be utilized as
an effective anti-malignance agent because its antagonism
for multiple tyrosine kinase receptors can reduce
oncogenesis and tumor progression.

When focusing on the relationship between malignant
angiogenesis and DCN expression level, some fundamental
researches also reveal the impacts of DCN on tumor
progression. The most notable mechanism is the binding of
DCN on transforming growth factor-f (TGF-p) receptors to
compete with their primary ligands and thus to prevent tumor
angiogenesis. When comparing DCN-treated fibroblasts
and control fibroblasts, Zhang ez /. (39) identify that DCN
has a down-regulating effect on TGF-B1 production. It
is supported by the discovery from Huijun ez 4/. (40) in
evaluating the feasibility of transferring DCN to anti-
thymocyte serum (ATS) in a rat model. They find that the
injection of DCN can significantly decrease the expression
of TGF-B1 in rats. Both of the above investigations have
suggested the anti-cancer functions of DCN. However,
they are still in laboratory stage until now (9). The clinical
trials based on a large size of samples are highly expected to
confirm its efficacies in the future.

Meanwhile, some other researchers postulate the potential
association between DCN expression and cancer metastasis
based on clarifying the biological functions of DCN in
stromal tissues. The majority of relevant investigations
have mentioned the potential impacts of DCN expression
on the loss of E-cadherin and B-catenin in cancer cells
(41,42). E-cadherin plays a key role in regulating cellular
adhesion, epithelium-mesenchymal transition and metastasis
in solid carcinomas (43,44). The direct evidences from
a DCN knockout mouse model demonstrate that DCN
expression regulates the robustness of E-cadherin and thus
significantly inhibits cancer cell growth and metastasis (42).
In addition, DCN can also dramatically affect the down-
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A Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit
Troup S et al. (2003)
Mefford D et al. Uppsala (2012) I |
Mefford D et al. Stockholm (2012) |
1
0.36 0.41 0.51 0.65 0.7
C Meta-analysis estimates, given named study is omitted
| Lower Cl Limit OEstimate | Upper CI Limit
Troup S et al. (2003) !
Mefford D et al. Mainz (2012) I |
Mefford D et al. San Francisco (2012) I 1
Van Bockstal M et al. (2012) I 1
d
032 039 0.50 065 0.71

1947
B Meta-analysis estimates, given named study is omitted
| Lower ClLimit OEstimate | Upper CI Limit
Mefford D et al. Uppsala (2012) 1
Mefford D et al. Stockholm (2012) 1
1
0.31 0.39 0.54 0.76 1.10
D Meta-analysis estimates, given named study is omitted
| Lower ClLimit OEstimate | Upper CI Limit
Troup S et al. (2003) I 1
Mefford D et al. Mainz (2012)
Mefford D et al. San Francisco (2012) | | |
0.34 0.40 0.57 0.81 0.93

Figure 4 Sensitivity analysis of both assessments of the prognostic value of stromal DCN expression for CSS [based on (A) univariate

analysis and (B) multivariate analysis] and DFS [based on (C) univariate analysis and (D) multivariate analysis] in patients with breast cancer.

DCN, decorin; CSS, cancer-specific survival; DFS, disease-free survival.

regulation of B-catenin and the E-cadherin binding
partner i vivo to maintain cell maturation (41). However,
examining the statistical significance of these discoveries
still needs more explorations. The involvement of stromal
DCN in ca ncer metastasis remains a debate according to
the present few investigations.

On the basis of these laboratorial discoveries, clinicians
increasingly pay attention to the possible biological
characteristics of stromal DCN in the prognoses of some
common malignances, including breast cancer (11-17).
The present evidences for the prognostic significance of
stromal DCN expression in breast cancer can only be
found in four investigations. In our meta-analysis, the
cohort study conducted by Cawthorn ez /. (17) was finally
excluded because of the following two reasons. First, the
major objective of this study was to assess the prognostic
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significance of epithelial DCN expression rather than
stromal DCN expression in breast cancer. Second, the
endpoints in this study were OS and DFS but the DFS
outcomes from multivariate analysis were not shown.
Notably, one issue exciting our interests is the complete
conflict between the conducted outcomes from this study
and the pooled outcomes of our meta-analysis. Cawthorn
et al. (17) conclude that high DCN expression in malignant
epithelium is significantly associated with worse prognosis in
breast cancer patients. But the DCN expression in stromal
tissues of breast cancer seems to predict higher survival
rates in most of the relevant studies, which is also supported
by our meta-analysis. DCN is generally considered as a
component of ECM but it also exists in epithelial cells.
However, far fewer researches provide eligible evidences
revealing the differences in the biological functions of DCN
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expression between epithelium and stromal cells. Current
investigations suggest that the dysregulation of angiogenesis
and abnormal epithelial cell responses may be directly
correlated with the impacts of DCN which was mainly
expressed surrounding the epithelial cells (45). However, the
relevant molecular mechanisms remain unclear until now,
possibly due to the complicated interactions between DCN
and the multiple components of ECM with cell surface
receptors. The involvement of DCN expression in epithelial
cells is still open to more investigations in the future.

Although the pooled analyses indicate that positive
expression of stromal DCN can significantly predict the
good prognosis of breast cancer, few of available evidences
cannot be ignored for the accurate interpretation of this
conclusion. On the one hand, the summarized outcomes
may be not so convincing due to the limited availability of
included studies. On the other hand, the publication bias
may be not efficiently identified, although it may be not so
necessary to test publication bias when less than 10 studies
included in meta-analysis.

To resolve this issue and draw conclusions as accurate
as possible based on the present evidences, we applied the
following two strategies during the literatures retrieval
and statistical analysis. First, the key words included in the
searching strategies covered all of the possible descriptive
forms of “breast cancer” and “decorin” (see Supplementary
data 2). Besides, we searched four universal electronic
databases and allowed the literatures in non-English languages.
Second, the previous meta-analyses addressing the prognostic
value of cancer biomarkers usually combine the results from
univariate analysis and multivariate analysis together. In our
meta-analysis, we classified the available data according to
their statistical sources and pooled them separately. The
final conclusion describing the prognostic value of DCN in
breast cancer would be drawn, only when consistent pooled
outcomes were obtained from both univariate analysis and
multivariate analysis. Therefore, we recognize that the great
homogeneity of included studies in this meta-analysis may
reveal the feasibility and rationality of these two strategies,
which contribute to accurately confirm the relationship
between stromal DCN expression and the prognosis of breast
cancer. Even so, the validity of our summarized outcomes is
still urgently required to be further evaluated in the updated
systematic reviews pooling more included studies in the future.

Limitations

Finally, some limitations exist in our meta-analysis and
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they should be acknowledged. First, the pooled analysis
were based on only 917 enrolled samples from six included
observational studies. Lack of enough evidences may cause
adverse effects on the validity of summarized outcomes.
Second, uniform cut-off definitions and detecting methods
may be the major confounding factors affecting the final
results. Third, we only searched one Chinese native database
except the other three universal English databases, although
no limitations of language were applied. The possible
included studies from the native databases in other languages
such as French, Spanish or Russian may be missed for our
meta-analysis. Finally, we found the included studies in our
meta-analysis all came from the non-Asian nations. Thus,
oncologists should judiciously evaluate the generality of our
summary outcomes in the clinical settings of China.

Conclusions

In conclusion, the integrated outcomes of our meta-analysis
indicate that high stromal DCN expression can significantly
predict the good prognosis in patients with breast cancer.
The small number of the present evidences may cause few
influences on the validity of this conclusion. Therefore,
the discoveries from our meta-analysis should better be
confirmed in the updated review pooling more associated
studies in the future.
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analyses

meta-regression), if done, indicating which were pre-specified

PRISMA 2009 Checklist
Section/topic # Checklist item Reported on page #
TITLE
Title 1 Identify the report as a systematic review, meta-analysis, or both 1939
ABSTRACT
Structured 2 Provide a structured summary including, as applicable: background; objectives; 1939
summary data sources; study eligibility criteria, participants, and interventions; study
appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already known 1940
Objectives 4 Provide an explicit statement of questions being addressed with reference to 1940
participants, interventions, comparisons, outcomes, and study design (PICOS)
METHODS
Protocol and 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web 1940
registration address), and, if available, provide registration information including registration
number
Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 1940-1941
characteristics (e.g., years considered, language, publication status) used as
criteria for eligibility, giving rationale
Information sources 7  Describe all information sources (e.g., databases with dates of coverage, contact 1940
with study authors to identify additional studies) in the search and date last
searched
Search 8 Present full electronic search strategy for at least one database, including any 1940, Supplementary
limits used, such that it could be repeated data 2
Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in 1940-1941
systematic review, and, if applicable, included in the meta-analysis)
Data collection 10 Describe method of data extraction from reports (e.g., piloted forms, 1941
process independently, in duplicate) and any processes for obtaining and confirming data
from investigators
Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding 1941
sources) and any assumptions and simplifications made
Risk of bias in 12 Describe methods used for assessing risk of bias of individual studies (including 1941
individual studies specification of whether this was done at the study or outcome level), and how
this information is to be used in any data synthesis
Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means) 1941
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, 1941
including measures of consistency (e.g., I?) for each meta-analysis
Risk of bias across 15 Specify any assessment of risk of bias that may affect the cumulative evidence 1941-1942
studies (e.g., publication bias, selective reporting within studies)
Additional 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 1941




Section/topic # Checklist item Reported on page #
RESULTS
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the 1942 (Figure 1)
review, with reasons for exclusions at each stage, ideally with a flow diagram
Study 18 For each study, present characteristics for which data were extracted (e.g., study 1942-1943
characteristics size, PICOS, follow-up period) and provide the citations
Risk of bias within 19 Present data on risk of bias of each study and, if available, any outcome level 1943
studies assessment (see item 12)
Results of individual 20 For all outcomes considered (benefits or harms), present, for each study: (a) 1943-1945
studies simple summary data for each intervention group (b) effect estimates and (Figures 2,3)
confidence intervals, ideally with a forest plot
Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and 1943-1945
measures of consistency
Risk of bias across 22 Present results of any assessment of risk of bias across studies (see Iltem 15) 1945, Supplementary
studies data 3
Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, 1945 (Figure 4)
meta-regression [see ltem 16])
DISCUSSION
Summary of 24 Summarize the main findings including the strength of evidence for each main 1946-1948
evidence outcome; consider their relevance to key groups (e.g., healthcare providers,
users, and policy makers)
Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at 1948
review-level (e.g., incomplete retrieval of identified research, reporting bias)
Conclusions 26 Provide a general interpretation of the results in the context of other evidence, 1948
and implications for future research
FUNDING
Funding 27 Describe sources of funding for the systematic review and other support 1948

(e.g., supply of data); role of funders for the systematic review

From: Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med 2009;6:61000097. For more information, visit: www.prisma-statement.org.
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Summary of electronic literature search

PubMed search strategy

Searches Search details ltems
found

#1 (((("breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR "breast 39

#2

#3

#4

neoplasms"[All Fields] OR ("breast"[All Fields] AND "cancer"[All Fields]) OR "breast cancer"[All Fields])

OR ("breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR "breast
neoplasms"[All Fields] OR ("breast"[All Fields] AND "carcinoma"[All Fields]) OR "breast carcinoma"[All Fields]))
OR ("breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR "breast
neoplasms"[All Fields] OR ("breast"[All Fields] AND "neoplasm"[All Fields]) OR "breast neoplasm"[All Fields]))
OR ("breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR "breast
neoplasms"[All Fields] OR ("breast"[All Fields] AND "tumor"[All Fields]) OR "breast tumor"[All Fields])) AND
("decorin"[MeSH Terms] OR "decorin"[All Fields])

((("breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR "breast 40
neoplasms"[All Fields] OR ("mammary"[All Fields] AND "cancer"[All Fields]) OR "mammary cancer"[All Fields])
OR (("mammary glands, human"[MeSH Terms] OR ("mammary"[All Fields] AND "glands"[All Fields] AND
"human"[All Fields]) OR "human mammary glands"[All Fields] OR "mammary"[All Fields] OR "breast"[MeSH
Terms] OR "breast"[All Fields]) AND ("carcinoma"[MeSH Terms] OR "carcinoma"[All Fields]))) OR (*mammary
neoplasms, animal"[MeSH Terms] OR (“mammary"[All Fields] AND "neoplasms"[All Fields] AND "animal"[All
Fields]) OR "animal mammary neoplasms"[All Fields] OR ("mammary"[All Fields] AND "neoplasm"[All Fields])
OR "mammary neoplasm"[All Fields])) OR ("mammary neoplasms, animal"[MeSH Terms] OR ("mammary"[All
Fields] AND "neoplasms"[All Fields] AND "animal"[All Fields]) OR "animal mammary neoplasms"[All
Fields] OR ("mammary"[All Fields] AND "tumor"[All Fields]) OR "mammary tumor"[All Fields] OR "breast
neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR "breast neoplasms"[All
Fields] OR ("mammary"[All Fields] AND "tumor"[All Fields]))) AND ("decorin"[MeSH Terms] OR "decorin"[All
Fields])

(("breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR "breast 27
neoplasms"[All Fields] OR ("breast"[All Fields] AND "cancer"[All Fields]) OR "breast cancer"[All Fields])
OR ("breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR "breast
neoplasms"[All Fields] OR ("breast"[All Fields] AND "carcinoma"[All Fields]) OR "breast carcinoma"[All
Fields])) OR ("breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR
"breast neoplasms"[All Fields] OR ("breast"[All Fields] AND "tumor"[All Fields]) OR "breast tumor"[All Fields]))
OR ("breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR "breast
neoplasms"[All Fields] OR ("breast"[All Fields] AND "neoplasm"[All Fields]) OR "breast neoplasm"[All Fields]))
AND DCNIAIl Fields]

((("breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All Fields]) OR "breast 28
neoplasms"[All Fields] OR ("mammary"[All Fields] AND "cancer"[All Fields]) OR "mammary cancer"[All Fields])
OR (("mammary glands, human"[MeSH Terms] OR ("mammary"[All Fields] AND "glands"[All Fields] AND
"human"[All Fields]) OR "human mammary glands"[All Fields] OR "mammary"[All Fields] OR "breast"[MeSH
Terms] OR "breast"[All Fields]) AND ("carcinoma"[MeSH Terms] OR "carcinoma"[All Fields]))) OR ("mammary
neoplasms, animal"[MeSH Terms] OR ("mammary"[All Fields] AND "neoplasms"[All Fields] AND "animal"[All
Fields]) OR "animal mammary neoplasms"[All Fields] OR ("mammary"[All Fields] AND "tumor"[All Fields]) OR
"mammary tumor"[All Fields] OR "breast neoplasms"[MeSH Terms] OR ("breast"[All Fields] AND "neoplasms"[All
Fields]) OR "breast neoplasms"[All Fields] OR ("mammary"[All Fields] AND "tumor"[All Fields]))) OR ("mammary
neoplasms, animal"[MeSH Terms] OR ("mammary"[All Fields] AND "neoplasms"[All Fields] AND "animal"[All
Fields]) OR "animal mammary neoplasms"[All Fields] OR ("mammary"[All Fields] AND "neoplasm"[All Fields])
OR "mammary neoplasm"[All Fields])) AND DCN[AIl Fields]




EMBASE (via Ovid interface) search strategy

Searches Search details Items found
#1 ((breast cancer or breast carcinoma or breast neoplasm or breast tumor) and decorin).af. 87
#2 ((mammary cancer or mammary neoplasm or mammary carcinoma or mammary tumor) and decorin).af. 8
#3 ((breast cancer or breast carcinoma or breast neoplasm or breast tumor) and DCN).af. 15
#4 ((mammary cancer or mammary neoplasm or mammary carcinoma or mammary tumor) and DCN).af. 0

The Web of Science (via campus network of Sichuan University) search strategy

Searches Search details Items found
#1 TS=((breast cancer OR breast carcinoma OR breast neoplasm OR breast tumor) AND decorin) 134

#2 TS=((mammary cancer OR mammary carcinoma OR mammary neoplasm OR mammary tumor) AND decorin) 16

#3 TS=((breast cancer OR breast carcinoma OR breast neoplasm OR breast tumor) AND DCN) 53

#4 TS=((mammary cancer OR mammary carcinoma OR mammary neoplasm OR mammary tumor) AND DCN) 9

The search strategy in CNKI database is not displayed here because of the Chinese words using in the retrieval details.
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Table S1 NOS assessment of the included studies

Exposure
Authors (ref) Selection Comparability Assessment  Follow-up long enough Adequacy of follow-up :;?:)1
of outcome for outcomes of cohorts

Troup et al. (14) 4 2 1 0 1 8
Mefford et al. (15)

Uppsala dataset 3 2 1 0 1 7
Mainz dataset 3 2 1 0 1 7
San Francisco dataset 3 2 1 0 1 7
Stockholm dataset 3 2 1 0 1 7
Van Bockstal et al. (16) 4 1 1 1 1 8

NOS, Newcastle-Ottawa Scale.

Table S2 Summary of the publication bias in this meta-analysis

Survival outcomes Analysis N Begg’s test (P value) Egger’s test (P value) Publication bias

CSS U 2 0.296 0.239 Not significant
M 1 1.000 Not available Not significant

DFS U 3 0.089 0.097 Not significant
M 2 1.000 0.623 Not significant

CSS, cancer-specific survival; DFS, disease-free survival; M, multivariate; N, reference count; U, univariate.

A Begg’s funnel plot with pseudo 95% confidence limits B

-0.5+

Loglhr]

OO

Loglhr]

1

O

0 0.1
s.e.of: log[hr]

0.2

Begg'’s funnel plot with pseudo 95% confidence limits

04

-0.5

14

1.5

0.1 02
s.e.of: log[hr]

03

Figure S1 Begg’s funnel plots for assessing the publication bias of the association between stromal DCN expression and CSS based on (A)

univariate analysis and (B) multivariate analysis in patients with breast cancer. DCN, decorin; CSS, cancer-specific survival.
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Figure S2 Begg’s funnel plots for assessing the publication bias of the association between stromal DCN expression and DFES based on (A)

univariate analysis and (B) multivariate analysis in patients with breast cancer. DCN, decorin; DFS, disease-free survival.



