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Abstract

Background: Published studies present conflicting data regarding the impact of Thrombospondin-1 (TSP-1)
expression on prognosis of various cancers. We performed this meta-analysis to illustrate the preliminary predictive
value of TSP-1.

Methods: Twenty-four studies with a total of 2379 patients were included. A comprehensive literature search was
performed by using PubMed, Cochrane Library, Web of Science, Embase, and hand searches were also conducted
of relevant bibliographies. Pooled hazard ratios (HRs) with 95% confidence intervals (CIs) for patient survival and
disease recurrence were initially identified to explore relationships between TSP-1 expression and patient prognosis.

Results: A total of 24 eligible studies were included in this meta-analysis. Our results showed that high level of TSP-
1 was correlated significantly with poor overall survival (OS) (HR = 1.40, 95% CI: 1.17 ~ 1.68; P<0.001). However, high
TSP-1 expression predicted no significant impact on progression-free survival (PFS)/ metastasis-free survival (MFS)
(HR = 1.35, 95%CI: 0.87–2.10; P = 0.176) and disease-free survival (DFS)/ recurrence-free survival (RFS) (HR = 1.40,
95%CI: 0.77–2.53; P = 0.271). In addition, we performed subgroup analyses which showed that high TSP-1 expression
predicted poor prognosis in breast cancer and gynecological cancer. Additionally, the relatively small number of
studies on PFS/MFS and DFS/RFS is a limitation. The data extracted through Kaplan-Meier curves may not be
accurate. Moreover, only English articles were included in this article, which may lead to deviations in the results.

Conclusions: Our findings indicated high TSP-1 expression may act as a promising biomarker of poor prognosis in
cancers, especially in breast cancer and gynecological cancer.
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Background
Thrombospondin-1 (TSP-1) is one of the thrombospon-
din gene family, which be composed of five matricellular
proteins includes TSP-1, − 2, − 3, − 4, and − 5 [1, 2].
Thrombospondin gene family plays a role in extensive
physiological and pathological processes, including de-
velopment, angiogenesis, inflammation and neoplasia

[3]. This TSP family interact with a variety of membrane
proteins on the cell surface, such as proteoglycans, integ-
rins, CD36 and CD47 [4, 5]. Thus, during tissue devel-
opment and remodeling, TSP family control cellular
phenotype and extracellular matrix structure [3].
TSP-1 is a multifunctional matrix glycoprotein which

is synthesized and secreted by platelets, endothelial cells
and smooth muscle cells. Under the transmission micro-
scope, TSP-1 is composed of three identical peptide
chains, each showing a spherical amino at one end and a
spherical carboxyl at the other end, connected by a
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slender rod-like arm in the middle [6]. Because of mul-
tiple functional domains, TSP-1 can mediate the inter-
action between cell and cell, cell and extracellular
matrix. Therefore, TSP-1 is a kind of glycoprotein with a
wide range of biological effects, such as activating trans-
forming growth factor-β, inhibiting angiogenesis, anti-
tumor activity, participating in tissue repair and so on
[7, 8]. TSP-1 was originally found in platelets, but now it
has been shown to play an important role in carcinogen-
esis [9, 10]. Besides its direct role in regulating the be-
havior of tumor cells, TSP-1 also shows function in
tumor vessels [11]. Taken together, TSP-1 can regulate
the growth, adhesion and migration of tumor cells [12].
The function of TSP 1 remains disputable in angiogen-

esis and tumor progression. In some cancers, TSP 1 has
been deemed to be an inhibitor of both processes [13–
15], while in others, it has been considered a stimulator
[16–18]. Some research concluded that the actual func-
tion of TSP 1 was organ specific [19].
To address this issue, we performed meta-analysis to

comprehensively assess the overall risk of TSP-1 for sur-
vival in patients with various types of cancers. Furthermore,
we attempt to evaluate the value of TSP-1 as a prognostic
marker in the aspect of clinical features and statistics.

Methods
Search strategy
Original studies aimed to analyze the predictive value of
TSP-1 in multiple human malignant neoplasms.
PubMed, Web of Science, Cochrane Library and Embase
were searched up from inception to December 14, 2019
using the following key words: “Thrombospondin 1”,
“Neoplasm”, “prognosis”, “survival”, “recurrence”,
“death”, “incidence”, “mortality”. The search strategy
used a combination of Medical Subject Headings and
thesaurus terms.

Inclusion criteria and exclusion criteria
We considered articles were considered qualified when
they met the following criteria: (1) patients diagnosed
with cancers by using pathological methods (2) studies
focusing on the relationship between TSP-1 expression
and prognosis, (3) survival outcomes with 95% confi-
dence intervals (CIs) and hazard ratios (HRs) that could
be extracted directly or indirectly. Excluding criteria
were as follows: (1) Not a human study; (2) Not original
articles; (3) Unrelated to TSP-1; (4) No clinical parame-
ters; (5) Unrelated to malignant tumor; (6) Not related
to prognosis or survival; (7) Insufficient survival data; (8)
Overlapping data.

Quality assessment
Quality assessment of the included studies was con-
ducted independently by three researchists (SS, HD and

TY) to rule out any discrepancy. Studies for inclusion in-
clude the following criteria: (1) the study country and
population; (2) definition of study design (3) the samples
and pathology information; (4) defiition of measurement
of TSP-1; (5) the clinical outcomes and follow-up
duration.

Data extraction
All relevant studies were identified by two independent
reviewers (TY and HD), and any disagreements were
reassessed by a third reviewer (SS). The data elements
include the following information: (1) publication year
and first author’s name; (2) nationality, dominant ethni-
city, number of patients, sample type, and main type of
pathology; (3) Assay method, follow-up time; (4) TSP-1
expression levels and cut-off values; (5) HRs related to
elevated TSP-1 expression for overall survival (OS),
recurrence-free survival (RFS), and disease-free survival
(DFS). Those indirectly reported HRs and 95% CIs were
calculated using graphical survival plots.

Statistical methods
A random or fixed model was selected according the
heterogeneity which was measured by the Q statistics
and Higgins I-squared statistic (I2). If P < 0.10 or I2 >
50%, a random-effects model was applied and subgroup
ana lyses was carried out to fine the source of heterogen-
eity; otherwise, a fixed-effects model was adopted [20].
Publication bias was assessed by Egger’s test and Begg’s
funnel plot [21]. To examine the stability and depend-
ability of the overall outcomes, sensitivity analyses were
performed by excluding one single study one by one and
recalculating their HRs. All P-values were calculated
using a two-sided test. We consider P < 0.05 as statisti-
cally significant. All statistical analyses were conducted
by using Excel software 2016 and Stata version 12.0.

Results
Study selection
The flow chart of study selection process was depicted
in Fig. 1. A total of 251 studies were identified from on-
line databases, including PubMed, Cochrane Library,
Web of Science and Embase. Based on screening of titles
and abstracts, 54 studies were selected for further inves-
tigation according to following criteria: repetitive arti-
cles, not a human study, not original articles, no clinical
parameters, unrelated to TSP-1, unrelated to malignant
neoplasms and unrelated to prognosis or survival. Of
these 54 studies, 30 were excluded due to insufficient
survival data and overlapping data. Ultimately, 24 arti-
cles were included for further analysis.
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Study characteristics
The major characteristics of the eligible data were sum-
marized in Table 1. We collected basic data on 24 arti-
cles published between 2000 and 2019. The meta-
analysis included 2379 participants from different re-
gions of the United States, France, Japan, China, India,
Greece, the United Kingdom and Norway, including tu-
mors such as breast cancer, liver cancer, ovarian cancer,
esophagus cancer, lung cancer, gastric cancer, colon can-
cer, skin cancer, cervical cancer, oral cancer and bladder
cancer.
The expression of TSP-1 was measured by Immuno-

histochemical staining (IHC) in the most of studies. Be-
sides, Quantitative real-time polymerase chain reaction
(qRT-PCR) assay and enzyme linked immunosorbent
assay (ELISA) was applied to detect TSP-1 in 3 and 2
studies, respectively, and immunoblot analysis and a
standard Dextran Polymer Conjugate Two-step
Visualization System Envision was applied in 1 study
each. The data of HR and 95% CI was extracted from
survival curves or literature reports. In all these studies,
17 studies researched OS [17, 22–37], 7 studies investi-
gated DFS/RFS [22, 23, 26, 38–41] and 6 studies focused
on progression-free survival (PFS)/ metastasis-free sur-
vival (MFS) [28, 31, 32, 42–44] (Table 2).

OS associated with TSP-1 expression
Because of the mild heterogeneity (p = 0.016, I2 = 47.3),
the fixed effect model was used for data analysis. The re-
sults showed that high level of TSP-1 indicated poor OS,
(HR = 1.40; 95% CI: 1.17 ~ 1.68) and the effect was statis-
tically significant (P<0.001) (Fig. 2A). In order to analyze
the source of heterogeneity, we did subgroup analyses
according to nationality, dominant ethnicity, main
pathological type, disease type, assay method and source
of HR. When stratified by ethnicity, we found that the

high level of TSP-1 was significantly correlated with the
OS of Caucasians (HR = 1.74; 95%CI: 1.37–2.22; P<
0.001), while among Asians, there was no significant cor-
relation (HR = 1.07, 95%CI: 0.82–1.40; P = 0.629)
(Fig. 3A). In the source of HR analysis, the OS of “re-
ported” group was significantly worse (HR = 1.48; 95%CI:
1.18 ~ 1.87; P = 0.001), while the OS of the other group
was also worse, however, with no statistical significance
(HR = 1.29; 95%CI: 0.97 ~ 1.171; P = 0.081) (Fig. 3B). Ac-
cording to the subgroup analysis of disease type, the
pooled HR of breast cancer was 1.78(95%CI: 1.09 ~ 2.92;
P = 0.022) (I2 = 0.0%, P = 0.536), and the pooled HR of
gynecological cancer was 1.72(95%CI:1.13–2.64; P =
0.012)(I2 = 0.0%, P = 0.511), with no heterogeneity (Fig.
3C). Finally, there was a significant relationship between
elevated TSP-1 and poor OS in Americans. (HR = 1.72;
95%CI: 1.13–2.64; P = 0.012) (Fig. 3E). Other kinds of
diseases had no obvious significance (Fig. 3D, F).

PFS/MFS and DFS/RFS associated with TSP-1 expression
Six studies were included in the PFS/MFS analysis, in
which a random-effect model was used because of the
significant heterogeneity (p = 0.006, I2 = 69.2) (Fig. 2B).
Our outcomes showed that there was no significant cor-
relation between TSP-1 and PFS/MFS (HR = 1.35;
95%CI: 0.87–2.10; P = 0.176). Likewise, subgroup ana-
lyses were stratified for the PFS/MFS group to identify
the potential source of heterogeneity and other signifi-
cant information. In ethnicity subgroup, high expression
of TSP-1 was related to unfavorable PFS/MFS in Cauca-
sians (HR = 1.80, 95%CI: 1.34–2.40; P<0.001) (Fig. 4A).
Stratifying by the source of HR, high TSP-1 expression
revealed a significant relationship with poor PFS/MFS,
mainly in the report group (HR = 1.63, 95%CI: 1.24–
2.15; P = 0.001) but not in the SC group (Fig. 4B). The
subgroup analysis of cancer type indicated that TSP-1

Fig. 1 Selection process of studies for meta-analysis
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Table. 1 Main characteristics of studies included in the meta-analysis

First author,
Publication
year

Case
nationality

Male
(%)

Domi
nant
ethnicity

Main pathological
type

Disease
type

Detec
ted
sample

Outco
me
measures

Sourc
e of HR

Maxi
mum
months of
follow-up

Assay
method

Nakamura
et al., 2019

Japan 0.79 Asian Urothelial
carcinoma

Bladder
cancer

Tissue PFS Reported 95 IHC

Tzeng
et al., 2016

China N/A Asian Squamous cell
carcinoma

Esophagus
cancer

Tissue PFS SC 228 IHC

Rouanne
et al., 2016

France 0.67 Caucasian Adenocarcinoma Lung
cancer

Serum OS/DFS Reported 34 ELISA

Teraoku
et al., 2016

Japan 0.35 Asian Adenocarcinoma Colon
cancer

Tissue OS/DFS SC 168 IHC

Campone
et al., 2015

France N/A Caucasian Adenocarcinoma Breast
cancer

Tissue OS SC 279 IHC

Eto et al.,
2015

Japan 0.8 Asian Adenocarcinoma Gastric
cancer

Tissue OS SC 60 IHC

Yao et al.,
2014

China 0.68 Asian Non-Small Cell Lung
Cancer

Lung
cancer

Tissue OS/DFS Reported 60 ELISA

Sharma
et al., 2013

India 92.5 Asian Hepatocellular
Carcinoma

Liver
cancer

Tissue OS Reported 33 PCR

Pectasides
et al., 2012

Greece 0 Caucasian Adenocarcinoma Breast
cancer

Tissue OS/PFS Reported 45 PCR

Nakao
et al., 2011

Japan 0.8 Asian Adenocarcinoma Gastric
cancer

Tissue OS SC 50 IHC

Zhou et al.,
2009

China 0.73 Asian Squamous cell
carcinoma

esophagus
cancer

Tissue OS Reported 50 IHC

Randall
et al., 2009

USA N/A Caucasian Squamous cell
carcinoma

Cervical
cancer

Tissue OS/PFS Reported 184.8 IHC

Yang et al.,
2009

China 0.51 Asian mucoepidermoid
carcinoma

Oral cancer Tissue DFS SC 60 IHC

Secord
et al., 2007

USA 0 Caucasian Epithelial cancer Ovarian
cancer

Tissue OS/PFS Reported 110 Immunoblot analysis

Wada et al.,
2006

Japan 0.75 Asian Hepatocellular
Carcinoma

Liver
cancer

Tissue DFS SC 60 IHC

Sutton
et al., 2005

UK 0.67 Caucasian Adenocarcinoma Colon
cancer

Tissue OS Reported 60 Dextran polymer
conjugate wwo-step
visualization system

Fontana
et al., 2005

France N/A Caucasian Adenocarcinoma Breast
cancer

Tissue PFS SC 160 IHC

Poon et al.,
2004

China 0.82 Asian Hepatocellular
Carcinoma

Liver
cancer

Tissue OS SC 38 IHC

Aishima
et al., 2002

Japan N/A Asian Intrahepatic
Cholangiocarcinoma

Liver
cancer

Tissue OS SC 120 IHC

Maeda
et al., 2001

Japan 0.63 Asian Adenocarcinoma Colon
cancer

Tissue DFS Reported 60 IHC

Straume
et al., 2001

Norway N/A Caucasian Melanomas Skin cancer Tissue OS SC 210 IHC

Kodama
et al., 2001

Japan N/A Asian Squamous cell
carcinoma

Cervical
cancer

Tissue DFS Reported 59 PCR

You et al.,
2000

China 0.57 Asian Squamous cell
carcinoma

Lung
cancer

Tissue OS SC 120 IHC

Yao et al.,
2000

Japan N/A Asian Squamous cell
carcinoma

Oral cancer Tissue OS SC 60 IHC

OS, overall survival; DFS, disease-free survival; PFS, progression-free survival; SC: survival curve; IHC, Immunohistochemistry; PCR, polymerase chain reaction; ELISA,
enzyme linked immunosorbent assay; N/A, not available
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have a statistically significant association with the breast
cancer group (HR = 1.80, 95%CI: 1.20–2.71; P = 0.004)
and gynecologic cancer group (HR = 1.79, 95%CI: 1.18–
2.71; P = 0.006) (Fig. 4C). when stratified by main

pathological type, analysis in the adenocarcinoma group
exhibited a significant correlation between up-regulated
expression of TSP-1 and PFS/MFS (HR = 1.80, 95%CI:
1.20–2.71; P = 0.004) (Fig. 4D). Elevated TSP-1 predict

Table. 2 HRs and 95% CIs of cancer prognosis and progression associated with TSP-1 expression in included studies

First author,
Publication year

Cut-off value Number of cases OS DFS/RFS PFS/MFS

High
expression

low
expression

Total HR (95% CI) P
Value

HR (95% CI) P
Value

HR (95% CI) P
Value

Nakamura et al.,
2019

10% of the cells were
positive

86 120 206 N/A N/A N/A N/A 1.11 (0.56–
2.19)

0.774

Tzeng et al., 2016 value =40 76 107 183 N/A N/A N/A N/A 0.61 (0.38–
0.99)

<
0.001

Rouanne et al.,
2016

Median N/A N/A 171 0.15 (0.03–0.89) 0.04 0.39 (0.10–
1.45)

0.23 N/A N/A

Teraoku et al.,
2016

score = 3 35 59 94 2.61 (1.00–8.16) < 0.01 0.63 (0.38–
1.06)

0.06 N/A N/A

Campone et al.,
2015

positive 19 14 33 0.86 (0.08–8.85) 0.0364 N/A N/A N/A N/A

Eto et al., 2015 10% of the cells were
positive

17 48 65 0.53 (0.24–1.18) < 0.05 N/A N/A N/A N/A

Yao et al., 2014 Median N/A N/A 68 1.52 (0.91–3.14) 0.088 1.62 (0.91–
3.76)

0.112 N/A N/A

Sharma et al.,
2013

Median N/A N/A 67 0.982 (0.541–
1.784)

0.953 N/A N/A N/A N/A

Pectasides et al.,
2012

Median 60 60 120 1.84 (1.11–3.05) 0.018 N/A N/A 1.73 (1.11–
2.69)

0.016

Nakao et al., 2011 30% of the cells were
positive

17 48 65 0.54 (0.26–1.14) < 0.01 N/A N/A N/A N/A

Zhou et al., 2009 10 percentile 72 8 80 0.41 (0.07–2.38) 0.042 N/A N/A N/A N/A

Randall et al.,
2009

score = 3 112 54 166 1.44 (0.70–2.75) 0.32 N/A N/A 1.30 (0.67–
2.54)

0.44

Yang et al., 2009 moderate staining 25 45 70 N/A N/A 0.77 (0.18–
3.42)

0.012 N/A N/A

Secord et al.,
2007

Median 32 35 67 1.93 (1.12–3.32) 0.018 N/A N/A 2.19 (1.29–
3.71)

0.004

Wada et al., 2006 score = 2 9 51 60 N/A N/A 2.85 (1.05–
7.72)

0.689 N/A N/A

Sutton et al.,
2005

Median 45 137 182 1.82 (1.0–3.1) 0.01 N/A N/A N/A N/A

Fontana et al.,
2005

positive 54 23 77 N/A N/A N/A N/A 2.25 (0.81–
6.27)

0.07

Poon et al., 2004 0.75 15 45 60 2.49 (0.63–9.86) 0.014 N/A N/A N/A N/A

Aishima et al.,
2002

50% of the cells were
positive

34 33 67 1.39 (0.70–2.78) 0.08 N/A N/A N/A N/A

Maeda et al.,
2001

positive 89 61 150 N/A N/A 2.37 (1.41–
3.83)

0.03 N/A N/A

Straume et al.,
2001

moderate staining 77 104 181 2.07 (1.27–3.40) 0.0001 N/A N/A N/A N/A

Kodama et al.,
2001

positive 31 23 54 N/A N/A 3.16 (1.25–
7.98)

0.015 N/A N/A

You et al., 2000 5% of the cells were
positive

29 10 39 1.49 (0.48–4.58) 0.0163 N/A N/A N/A N/A

Yao et al., 2000 moderate staining 22 32 54 0.81 (0.14–4.58) 0.045 N/A N/A N/A N/A

OS, overall survival; DFS, disease-free survival; MFS, metastasis-free survival; RFS, recurrence-free survival; PFS, progression-free survival; HR, hazard ratio; CI,
confidence interval; N/A, not available
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poorer PFS/MFS in patients in the USA group (HR =
1.79, 95%CI: 1.18–2.71; P = 0.006) (Fig. 4E). The sub-
group analysis in different assay methods had no obvious
significance (Fig. 4F).
We analyzed tumor recurrence associated with overex-

pression of TSP-1 by DFS/RFS. Seven studies focused on
DFS/RFS analysis, with a high degree of heterogeneity
(P = 0.001, I2 = 73.7) (Fig. 2C). There was no correlation
between high level of TSP-1 and poor DFS/RFS, (HR =
1.40, 95%CI: 0.77–2.53; P = 0.271) by random effect
model. Furthermore, through the subgroup analyses, we
did not observe statistically significant outcomes (Fig.
S1). In summary, no relationship was found between
DFS/RFS and TSP-1.

Cumulative meta-analysis
The main function of cumulative meta-analysis is
reflecting the dynamic trend of the research results
and evaluating the impact of each research on the
comprehensive results. All the selected studies were
sorted according to the year of publication. (Fig. 5).
The relationship between OS and TSP-1 was first
statistically significant in 2001. In addition, the cor-
responding 95% CIs of OS became narrower with
the continuous inclusion of studies, suggesting

increasing estimated accuracy. On the contrary, as
time goes on, the relationship of TSP-1 and DFS/
RFS or PFS/MFS are no longer statistically signifi-
cant, indicating growing controversy in recent
research.

Publication bias
Egger’s test and Begg’s funnel plot were applied to indi-
cate publication bias in the included studies (Fig. S2).
No obvious asymmetry was noticed in funnel plots and
the P value of Egger’s test also revealed no obvious pub-
lication bias. (OS: P = 0.066; DFS/RFS: P = 0.934; PFS/
MFS: P = 0.713).

Sensitivity analysis
In order to ensure the robustness of the above results
and evaluate the stability of results, a sensitivity analysis
was carried out by Stata 12.0 software. The analyzed re-
sult from a fixed model of OS and two random model of
DFS/RFS and PFS/MFS demonstrated that no single
study considerably influenced the pooled HRs or 95%
CIs, suggesting that the results of the present meta-
analysis are credible (Fig. 6).

Fig. 2 Forest plots of merged analyses estimated for the correlation between survival and TSP-1 expression. (A) Forest plot to assess the OS
analysis; (B) Forest plots for the PFS/MFS analysis; (C) Forest plots of the DFS/RFS analysis. Abbreviation: OS, overall survival; PFS, progression-free
survival; MFS, metastasis-free survival; RFS, recurrence-free survival; DFS, disease-free survival; HR, Hazard ratio
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Fig. 3 Forest plots of merged analyses evaluated the correlation between OS and TSP-1 expression. (A) Forest plots for the subgroup analysis in
different ethnicities; (B) Subgroup analysis in different source of HR; (C) Subgroup analysis in different disease types; (D) Subgroup analysis in
different pathological types; (E) Subgroup analysis in different nationalities; (F) Subgroup analysis in different assay methods. Abbreviations: HR,
Hazard ratio; SC: survival curve; PCR, polymerase chain reaction; IHC, immunohistochemistry; ELISA, enzyme linked immunosorbent assay

Fig. 4 Forest plots of merged analyses for PFS/MFS associated with TSP-1 expression. (A) Forest plots for the subgroup analysis in different
ethnicities; (B) Subgroup analysis in different source of HR; (C) Subgroup analysis in different disease types; (D) Subgroup analysis in different
pathological types; (E) Subgroup analysis in different nationalities; (F) Subgroup analysis in different assay methods. Abbreviations: HR, Hazard
ratio; SC: survival curve; PCR, polymerase chain reaction; IHC, immunohistochemistry
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Discussion
TSP-1 is a homotrimeric protein which is a member of
the thrombospondin gene family [3]. More and more
evidence proved that the abnormal expression of TSP-1
is related to the clinical prognosis of cancer patients.
Previous research has shown that TSP-1 plays an im-
portant role in inhibiting angiogenesis, anti-tumor activ-
ity and participating in tissue repair [8]. However, some
studies deemed TSP-1 is connected with carcinogenesis
[9]. The role of TSP-1 in various cancers has been
widely researched, but the conclusions are not
consistent.
This is believed to be the first meta-analysis systemat-

ically analyzing the association between TSP-1 expres-
sion and clinical features of multiple cancers, which
included 24 studies with a total of 2379 patients.
Our analysis showed that the pooled HR was 1.40, in-

dicating that the elevated TSP-1 was significantly associ-
ated with lower OS (P<0.001). The pooled HR of PFS/
MFS analysis and DFS/RFS analysis was 1.35 (P = 0.176)
and 1.40 (P = 0.271) respectively, which demonstrated
the consistency of the results, but they were not statisti-
cally significant.

Some studies have shown that TSP-1 promotes the de-
velopment of prostate cancer, and this property is stronger
than its anti-angiogenic properties which are mediated by
its binding to the CD36 receptor [45, 46]. In addition, they
found that TSP-1 promotes cell migration by mediating
TRPV3 and, in patients, TSP-1 mRNA level in tumor tis-
sue was significantly associated with PSA relapse. Further-
more, there could be a vicious circle in which TSP-1
inhibits angiogenesis and thus increases hypoxia which in-
duces TSP-1 expression in return to speed up cell migra-
tion [10]. All the studies consistent with the results from
our analysis. Detection of TSP-1 can identify subgroups of
high-risk patients with poor outcomes.
In addition, Kang et al. found Sphingosylphosphoryl-

choline induces TSP-1 secretion which might play an
important role in epithelial-mesenchymal transition
since migration and invasion are the key indicators of
epithelial-mesenchymal transition [47]. Then, the migra-
tion and invasion of breast cancer were significantly
interrupted when they knocked down TSP-1. Moreover,
in breast cancer patients, the high expression of TSP-1
was significantly associated with poor RFS and MFS [10,
47, 48].

Fig. 5 Cumulative meta-analyses for survival associated with TSP-1 expression. (A) Cumulative meta-analysis of OS; (B) Cumulative meta-analysis of
PFS/MFS; (C) Cumulative meta-analysis of DFS/RFS. Abbreviation: OS, overall survival; PFS, progression-free survival; MFS, metastasis-free survival;
RFS, recurrence-free survival; DFS, disease-free survival; HR, hazard ratio
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We used subgroup analyses to find out the influence
of nationality, dominant ethnicity, main pathological
type, disease type, assay method and source of HR on
the relationship between TSP-1 and patient prognosis.
With regard to the ethnic subgroup analysis, we made a
distinction between Asians and Caucasians to clarify the
impacts of different genetic backgrounds on the results.
Interestingly, the analysis showed a significant associ-
ation between the high expression of TSP-1 and OS/
PFS/MFS (HR = 1.40, 95%CI: 0.77–2.53) (HR = 1.80,
95%CI: 1.34–2.40; P<0.001) in Caucasians, but not in
Asians. The reason may be attributed to differences in
genetic background and environmental exposure. Sec-
ondly, OS and PFS/MFS of breast cancer and
gynecological cancer in disease type subgroup were re-
markable poor. Campone et al. deem TSP1 as bad prog-
nostic markers by Kaplan-Meier method and
immunohistochemistry (IHC) in triple-negative breast
cancers [24]. Some studies have shown that TSP-1 pro-
motes the invasiveness of melanoma which declared
TSP-1 is a poor prognostic marker [49]. Nevertheless,
other research argued that TSP-1 could significantly in-
hibit the cell viability of Retinoblastoma cells both

in vitro and in vivo [50]. To sum up, the prognostic
value of TSP-1 may be different in various cancers.
However, more studies are required to confirm the clin-
ical significance of TSP-1 in many samples.
Furthermore, the OS (HR = 1.48; 95%CI: 1.18 ~ 1.87;

P = 0.001) and PFS/MFS (HR = 1.63, 95%CI: 1.24–2.15;
P = 0.001) was significantly worse in “reported” group
but not in the SC group. Throughout this literature, 13
of the 24 studies with survival information did not pro-
vide the HRs, so we could only gather the data from
Kaplan-Meier curves. There may be some slight errors
between the accurate data and the estimated HRs and
their 95% CIs from the Kaplan-Meier curves, leading to
unreliable results. In other subgroups, we did not find
any statistical significance.
It should be noted that heterogeneity is a potential and

critical issue that should not be ignored when discussing
the results of Meta-analysis. We believe that the mild het-
erogeneity observed in OS is acceptable. Moreover, the
heterogeneity of PFS/DFS was greatly reduced by sub-
group analysis. Sensitivity analysis was performed to assess
the reliability of results which revealed that the pooled HR
did not significantly change by omitting any individual

Fig. 6 Sensitivity analysis of each included study. (A) Sensitivity analysis of OS for individual studies. (B) Sensitivity analysis of PFS/MFS for
individual studies. (C) Sensitivity analysis of DFS/RFS for individual studies. Abbreviations: OS, overall survival; PFS, progression-free survival; MFS,
metastasis-free survival; RFS, recurrence-free survival; DFS, disease-free survival
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studies, meaning that the results of this meta-analysis are
credible. no evidence of publication bias was noted.
Although this study provided a comprehensive meta-

analysis for the prognostic role of TSP-1 in multiple can-
cers, several limitations do exist. First, Heterogeneity
was noted among the selected studies. The existence of
heterogeneity may be contributing to the unique charac-
teristics, such as the nationality, dominant ethnicity, the
main pathological type, disease type, assay method,
source of HR and critical values of TSP-1 expression.
Second, it was difficult to determine a standard expres-
sion cutoff value because of different cancers, varied
assay method and diverse detected sample in the in-
cluded studies. This could result in bias in the effective-
ness of TSP-1 as a prognostic factor. Most studies have
established a median expression, IHC intensities or a
scoring system as the cutoff value. Therefore, pooled
outcomes may be greater or lower than the actual value
and cause bias in the results. What’s more, the relatively
small number of studies on PFS/MFS and DFS/RFS is a
limitation, further studies with more selected data and
enrolled patients are needed. As mentioned above, the
data in SC group extracted through Kaplan-Meier curves
may not be accurate. Finally, only English articles are ac-
cepted in this article, which may cause deviations in the
results. These limitations should be addressed in further
research and be considered when drawing conclusions.
In conclusion, TSP-1 might serve as an effective index

in evaluating the progress and prognosis of multiple can-
cers, especially in breast and gynecologic cancer, and
may be utilized to improve targeted therapies. In order
to accurately evaluate the role of TSP-1 as a prognostic
factor, more clinical studies are required before TSP-1 is
applied, especially for single type of cancer.

Conclusion
In this paper, we firstly evaluated whether TSP-1 was an
accurate prognostic prediction for multiple cancers. Our
data provided convincing evidence that high expression
of TSP-1 was associated with adverse cancer prognosis.
However, further in-depth and larger-scale studies are
needed to support our results.
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