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A B S T R A C T

Although numerous studies have shown that visfatin is linked to several cancers, its prognostic value is still
unclear. This first comprehensive meta-analysis was performed to evaluate the prognostic effect of visfatin in
cancer patients. A systematic search was conducted for relevant studies in health-related electronic databases up
to May 2019. The pooled hazard ratios (HRs) and ORs with 95% confidence intervals (CIs) for total and stratified
analyses were calculated to demonstrate the prognostic value of visfatin expression level in cancer patients.
Heterogeneity and publication bias were also investigated. A total of 14 eligible studies with 1616 patients were
included in the current meta-analysis. Pooling results revealed that, high visfatin expression was significantly
associated with poorer overall survival (OS) (HR = 2.43, 95% CI 1.64–3.62, P < 0.001). Elevated visfatin level
was also correlated with positive lymph node metastasis (OR = 2.45, 95% CI 1.43–4.17, P ≤ 0.001), positive
distance metastasis (OR = 2014, 95% CI 1.25–3.69, P ≤ 0.001), advanced tumor stage (OR = 3.01, 95% CI
1.91–7.72, P ≤ 0.001), and larger tumor size (OR = 1.99, 95% CI 1.49–2.69, P ≤ 0.001). Our meta-results
indicates that altered visfatin expression is a potential indicator of poor clinical outcomes in tumor patients,
suggesting that high visfatin expression may serve as a potential biomarker of poor prognosis and metastasis in
cancers.

1. Introduction

Although the mortality of cancer has dropped in the past two dec-
ades, it is still the biggest human health problem. According to WHO,
cancer as the second leading cause of death, has been responsible for an
estimated 9.6 million deaths in 2018 [1]. Lack of valid and reliable
markers for early detection of cancer has been associated with reduced
survival rate. Developing new specific biomarkers is necessary to in-
crease the efficiency of early detection and treatment of cancers.

Evidences have revealed that obesity and overweight are associated
with different types of malignancy such as colorectal, pancreatic, renal,
prostate, breast, endometrial, thyroid and esophageal cancers [2].
However, the mechanisms underlying the association between obesity
and cancer are not fully elucidated. The relationship between obesity
and cancer seems to be due to disturbances in adipocytokines, insulin

metabolism, and sex hormones as well as inflammation [3]. Adipocy-
tokines as small peptide hormonal growth factors secreted by adipo-
cytes are important mediators of metabolic regulation [4]. Adipocyto-
kines have shown modified expressions that may attribute obesity to
cancer [3]. Altered serum levels of some adipocytokines including
adiponectin, leptin, visfatin, and omentin have been reported in various
cancers due to their multidirectional metabolic functions [5–8].

Visfatin or nicotinamide phosphorybosiltransferase (NAMPT) or
pre-B-cell-enhancing factor has been shown to be involved in different
cancers as it plays important roles in the synthesis of cellular nicoti-
namide adenine dinucleotide (NAD+), regulation of cellular growth,
angiogenesis, and apoptosis in mammalian cells [9–11].

Visfatin overexpression has been reported in colorectal, gastric,
breast, prostate, pancreatic, and esophageal cancers [12–17]. In addi-
tion, a recent meta-analysis have revealed a significant association

https://doi.org/10.1016/j.cyto.2019.154964
Received 13 July 2019; Received in revised form 24 November 2019; Accepted 25 December 2019

⁎ Corresponding author at: Clinical Research Unit, Ghaem Hospital, Faculty of Medicine, Mashhad University of Medical Sciences, P.O. Box: 9176699199, Mashhad,
Iran.

E-mail address: Mehradmajdh@mums.ac.ir (H. Mehrad-Majd).

Cytokine 127 (2020) 154964

1043-4666/ © 2019 Published by Elsevier Ltd.

T

http://www.sciencedirect.com/science/journal/10434666
https://www.elsevier.com/locate/cytokine
https://doi.org/10.1016/j.cyto.2019.154964
https://doi.org/10.1016/j.cyto.2019.154964
mailto:Mehradmajdh@mums.ac.ir
https://doi.org/10.1016/j.cyto.2019.154964
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cyto.2019.154964&domain=pdf


between high circulating visfatin (eNampt) levels and increased risk of
various cancers [7]. Nevertheless, a consensus on the prognostic value
of visfatin in various cancers is yet to be done. In this meta-analysis, all
relevant published evidences are systematically pooled to elucidate the
prognostic significance of visfatin (both intracellular and extracellular)
in different tumors.

2. Methods

2.1. Literature search strategy and study selection

An electronic literature search of databases including Medline, Web
of sciences, Embase, and Scopus was conducted for English publications
up to May/2019. The search terms included “visfatin”, “NAMPT”,
“PBEF”, “Visfatin/NAMPT”, “Visfatin/PBEF”, “nicotinamide phosphor-
ibosyltransferase”, “pre-B-cell colony-enhancing factor 1 (PBEF1)”,
“NAmPRTase” “cancer”, “carcinoma”, “neoplasm”, “tumor” and
“prognosis or prognostic or survival or outcome” or their equivalents
were used individually or/and in various combinations to retrieve the
relevant literatures. We increased the integrity and accuracy of the
search process by manually screening the reference lists for the in-
cluded articles to explore potential studies.

2.2. Inclusion and exclusion criteria

The studies were considered eligible if they met all of the following
inclusion criteria: proven diagnosis of solid tumor in human; evaluation
of visfatin expression both in serum/plasma or tissue; any study in-
vestigating the relationship between visfatin expression and survival;
having sufficient data for estimation of hazard ratio (HR) and their
corresponding 95% confidence intervals (CI). Articles with the fol-
lowing criteria were excluded: review or laboratory articles; case stu-
dies; letters; articles describing the survival outcome of other in-
dicators; and unpublished studies. In the case of articles by the same
author using the same patients, only the most recent or complete study
was included.

2.3. Data extraction and quality assessment

Two authors (MM and HMM) independently performed data ex-
traction from all eligible publications. Briefly, the following informa-
tion was extracted from each study: first author’s surname, publication

year, country of origin, cancer type, study design, source of visfatin
(serum or tissue), visfatin detection assay, number of cases and con-
trols, tumor stage, visfatin overexpression cutoff value, prognostic
outcomes of interest, analytical method, and HR with its 95% CI.
Regarding the quality assessment, two investigators (AM and HMM)
independently assessed and scored the included studies according to the
Newcastle-Ottawa Scale (NOS). Any disagreements were resolved
through discussion with a third investigator (AA).

2.4. Statistical analysis

High and low visfatin expression was defined according to the ar-
bitrary cutoff values provided by the literature. The impact of visfatin
over expression on prognosis of solid tumors was estimated by pooled
hazard ratios (for overall survival (OS)) or odds ratios (for clin-
icopathological outcomes) (HRs or ORs) and 95% CI. Crude values were
directly used when HRs were reported in the original studies; other-
wise, the values were calculated using Kaplan–Meier curves according
to the methods described by Parmar [18], Williamson et al [19], and
Tierney et al [20]. Statistical heterogeneity between the studies was
quantified using Cochran’s Q test and Higgins I-squared statistics.
Heterogeneity was defined as P < 0.05 or I2 > 50%. In case of sig-
nificant heterogeneity, the random effect model was selected to com-
bine the data; otherwise, fixed effect model was used. Poor outcome for
visfatin over expression was considered when the HR was>1 and the
95% CI did not include 1. Subgroup, sensitivity, and Galbraith plot
analyses were performed to explore the source of heterogeneity. Pub-
lication bias was investigated through visual assessment of the asym-
metry of an inverted funnel plot. The Begg’s and Egger’s tests were also
conducted to quantitatively support the publication bias. All analyses
were performed using the Comprehensive Meta-Analysis software. A P-
value< 0.05 was considered as statistically significant.

3. Results

3.1. Literature search

The detailed process of screening, identification, and selection of the
eligible articles is presented in Fig. 1. Based on the inclusion and ex-
clusion criteria, a total of 438 studies were retrieved in the initial
search. After screening titles and abstracts, 378 articles were excluded
as basic research, animal studies, reviews, conference abstracts,

Published articles identified through 
search strategy (n=438) 

378 Articles excluded: revealed no 
relation, review, letter, comment, 
case report

60 Potentially relevant studies 
through full paper review

14 studies accepted for analysis 

46 Papers were excluded because 
they did not provide sufficient 
information.

Fig. 1. Flow diagram of the study selection.
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meta‐analysis, letters, case reports, or expert opinions. Then, the re-
maining 60 articles were subjected to full-text evaluation. Of these, 46
articles were excluded due to insufficient data to estimate HR or OR for
quantitative analysis. Finally, a total of 14 eligible articles with 1616
patients were included in the current meta-analysis [17,21–33].

3.2. Study characteristics

The general characteristics of the selected studies are summarized in
Table 1. All studies were published between 2008 and 2018. In the
included 14 studies, 10 studies were conducted in China
[17,21,23–25,27–31], two in Taiwan [26,32], one in Poland [22], and
one in India [33]. Nine different types of cancer including two en-
dometrial cancers (EC), one esophagogastric junction adenocarcinoma
(EJA), one hepatocellular carcinoma (HCC), two colorectal cancers
(CRC), one urothelial carcinoma (UC), one gastric cancer (GC), one
bladder cancer (BC), four breast cancers, and one glioblastoma (GBM)
were evaluated in this meta‐analysis. Visfatin expression levels were
measured either in serum or tumor specimens.

The cut-off values for high or low visfatin expression levels varied
throughout the different studies. Regarding the HR estimations, the HR
values were directly reported from seven studies, while, for five studies,
the HRs were calculated through data reading from Kaplan-Meier sur-
vival curves. However, two studies had reported no data regarding the
OS. Moreover, nine articles provided data regarding the association
between visfatin expression and lymph node metastasis (LNM), one
article reported distance metastasis (DM), nine articles reported TNM
stage, six articles reported tumor histological grade, and seven studies
reported tumor size. Ten articles with NOS scores greater than five were
considered as high quality studies.

3.3. Association between visfatin level and OS in cancers

A cumulative meta-analysis was performed to assess the relationship
between the visfatin expression level and OS. As for survival analysis,
nine out of fourteen studies had reported the OS outcomes both in
univariate and multivariate models, while three studies reported HR in
only univariate model. Data from 12 studies with 1511 patients re-
porting HR in univariate model, were compiled to evaluate the impact
of visfatin on survival rate. Due to a significant heterogeneity among
the studies (I2 = 53.43, P = 0.014) the random effects model was
applied. The pooled HR indicated that high visfatin expression levels
were significantly associated with poor OS compared with the low
visfatin expression (HR = 2.43, 95% CI 1.64–3.62, P < 0.001)
(Fig. 2).

Considering the significant heterogeneity, subgroup analysis was
also performed according to the cancer type (digestive or non-diges-
tive), sample size, specimen type (serum or tumor type), and study
quality. Stratified analysis based on the cancer type revealed a sig-
nificant association between high visfatin level and poor OS both in
digestive (HR = 2.72, 95% CI 1.51–4.88, P < 0.001) and non-diges-
tive cancers (HR = 2.25, 95% CI 1.26–4.02, P = 0.006) (Table 2)
(Fig. 2). In subgroup analysis according to sample size, no significant
association was observed for high visfatin level and patient survival in
studies< 100 cases (HR = 1.66, 95% CI 0.939–2.49, P = 0.081)
(Table 2). However, high visfatin level was significantly associated with
poor OS in eight studies with sample size ≥100 (HR = 2.85, 95% CI
1.77–4.61, P < 0.001) (Table 2). In addition, high visfatin expression
was significantly related to poor OS in both groups using serum
(HR = 1.95, 95% CI 1.12–3.38, P < 0.019) or tissue (HR = 3.22, 95%
CI 1.78–5.84, P < 0.001) (Table 2) as visfatin sources. Also, meta-
analysis on the study quality subgroups indicated that high visfatin
expression was associated with poor OS in only high quality studies
(HR = 2.57, 95% CI 1.98–3.33, P < 0.001; fixed effects) (Table 2).

Moreover, cumulative meta-analysis was also performed to de-
termine the association of visfatin expression with OS outcome inTa
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multivariate model, from nine studies with 1227 patients. The pooling
results showed a significant relationship between the high visfatin level
and unfavorable OS, indicating an independent relationship between
visfatin and cancer prognosis (HR = 2.13, 95% CI 1.46–3.12,
P < 0.001) (Table 2). In stratified analysis based on cancer type,
sample size, specimen type, and study quality, meta-results indicated a
significant association of elevated visfatin level with poor OS in all
subgroups except for studies with sample sizes less than 100 cases
(HR = 0.689, 95% CI 0.25–1.88, P = 0.467) (Table 2).

3.4. Association between visfatin and clinicopathological characteristics

A meta-analysis was performed to assess the association between
visfatinexpression level and clinicopathological characteristics. The
pooled ORs and 95% CIs of all outcomes including LNM, DM, tumor
histological grade, tumor size, TNM stage, age, and gender are pre-
sented in Table 3. Briefly, nine studies with 1015 patients, one study
with 262 patients, six studies with 666 patients, seven studies with 777
patients, nine studies with 1037 patients, eleven studies with 1255

patients, and seven studies with 893 patients provided data for asses-
sing the relationship between visfatin expression and LNM, DM, tumor
histological grade, tumor size, TNM stage, age and gender of patients,
respectively. As shown in Table 3, the pooling results indicated a sig-
nificant association of elevated visfatin expression with positive LNM
(OR = 2.45, 95% CI 1.43–4.17, P ≤ 0.001, random-effect) (Fig. 3),
positive DM (OR = 2014, 95% CI 1.25–3.69, P ≤ 0.001), advanced
TNM stage (OR = 3.01, 95% CI 1.91–7.72, P ≤ 0.001, random-effect),
and larger tumor size (OR = 1.99, 95% CI 1.49–2.69, P ≤ 0.001, fixed-
effect). However, the pooling results indicated that the over expression
of visfatin was not associated with tumor differentiation (OR = 1.37,
95% CI 0.79–2.38, P = 0.262, random-effect), age (OR = 1.99, 95% CI
0.95–1.62, P = 0.130, fixed-effect) and gender (OR = 0.84, 95% CI
0.63–1.12, P = 1.262, fixed-effect) of patients.

3.5. Sensitivity analysis and publication bias

Galbraith plot analysis was carried out to detect the outlier studies
as the potential sources of heterogeneity. For the pooling OS and other

Fig. 2. Forest plot showing the association between OS and visfatinexpression inoverall and based on different cancer types.

Table 2
Stratified analyses of pooled hazard ratios for overall survival.

Categories Studies (n) No. of patients Test of association Heterogeneity

Pooled HR (95% CI) P-value I2 (%) P-value Model

Univariate Survival Analysis
Overall survival (OS) 12 1511 2.43 (1.64–3.62) < 0.001 53.43 0.014 R
Cancer Type Digestive system 4 600 2.72 (1.51–4.88) < 0.001 54.62 0.085 R

Others 8 911 2.25 (1.26–4.02) 0.006 57.24 0.023 R
Sample size <100 4 283 1.66 (0.939–2.94) 0.081 5.86 0.939 F

>100 8 1228 2.85 (1.77–4.61) < 0.001 59.72 0.015 R
Tumor specimen Serum 5 838 1.94 (1.12–3.38) < 0.001 70.22 0.009 R

Tissue 7 673 3.22 (1.78–5.84) < 0.001 33.73 0.171 F
Quality score >5 9 1228 2.57 (1.98–3.33) < 0.001 46.63 0.059 F

≤5 3 283 3.63 (0.815–16.18) 0.091 76.68 0.014 R

Multivariate Survival Analysis
Overall survival (OS) 9 1227 2.13 (1.46–3.12) < 0.001 49.92 0.043 R
Cancer Type Digestive system 2 378 2.98 (1.95–4.55) < 0.001 0 0.987 F

Others 7 849 1.87 (1.14–3.06) 0.013 53.02 0.047 R
Sample size <100 2 134 0.689 (0.25–1.88) 0.467 0 0.334 F

>100 7 1093 2.27 (1.81–2.85) < 0.001 39.41 0.129 F
Tumor specimen Serum 3 641 2.27 (1.28–4.03) 0.005 60.17 0.081 R

Tissue 6 586 1.87 (1.39–2.52) 0.001 45.35 0.103 F
Quality score >5 7 1006 1.94 (1.27–2.95) 0.002 56.63 0.032 R

≤5 2 221 3.73 (1.56–8.92) 0.003 0 0.492 F

HR: hazard ratio; CI: confidence interval; R: random effect model; F: fixed effect model.
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ORs analysis, no specific study was detected as the outliers and possible
major contributors to the moderate available heterogeneity (Fig. 4).
Moreover, sensitivity analysis assessing the effect of each study on the
overall results of meta-analysis, revealed that sequential deletion of any
single study did not significantly change the direction of the HRs and
ORs, indicating the stability and robustness of the pooled results
(Fig. 5).

The Begg’s funnel plot and Egger’s tests were also conducted to
detect the publication bias for the present meta-analysis. The visual
inspection of funnel plots and Egger’s test results for OS showed that
there was no significant publication bias across the included studies
(Fig. 6). However, the Egger’s test results for ORs of visfatin over ex-
pression on the LNM and TNM of patients in nine studies indicated a
significant publication biases (Egger’s test, P < 0.0.001).

4. Discussion

Although there have been great advances in cancer prevention and
treatment during the past decades, many cancers cannot be cured yet
due to the lack of effective biomarkers for early detection and sub-
sequent efficient treatment at the terminal stages. Currently, increasing
evidence supports the association between adipocytokines and cancer
risk. Several studies have reported altered visfatin expression (both in
mRNA and protein levels) in various types of cancer [31,34–36]. In-
creasing evidence has shown that visfatin may affect many aspects of
cancer cells and regulate angiogenesis, proliferation, metastasis, and
drug resistance. Hence, it may be used as a potential prognostic marker
and therapeutic target for cancer metastasis and progression, providing
impetus for further investigations.

Visfatin regulates cancer cell proliferation by several mechanisms.
For example, it has been shown to induce exogenous gastric cancer cell

Table 3
Meta‐analysis of the association between visfatin expression and clinicopathological characteristics.

Stratified analysis Studies (n) No. of patients Test of association Heterogeneity

Pooled OR (95% CI) P-value I2 (%) P-value Model

Gender (male vs. female)a 7 893 0.84 (0.63–1.12) 0.232 0.00 0.630 F
Age (High vs. Low) 11 1255 1.99 (0.95–1.52) 0.130 4.44 0.401 F
Tumor size (large vs. small) 7 777 1.99 (1.49–2.69) < 0.001 40.69 0.120 F
Histological grade (Poorly and others vs. well and moderately) 6 666 1.37 (0.79–2.38) 0.262 61.70 0.023 R
LNM (yes vs. no) 9 1015 2.45 (1.43–4.17) < 0.001 65.34 0.003 R
DM (yes vs. no)b 1 262 2.14 (1.25–3.69) < 0.001 NA NA NA
TNM stage (III + IV vs. I + II) 9 1037 3.01 (1.91–4.72) < 0.001 55.70 0.021 R

CI: confidence interval; LNM: lymphatic node metastasis; DM: distant metastasis; NA: not applicable; TNM: tumour‐node‐metastasis.
b The heterogeneity is not applicable, for there is only one study reported data about DM.
a Three studies about breast cancer was not involved because there were only female patients in the studies.

Fig. 3. Forest plot showing the association between LNM and visfatin expression in different cancer types.
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Fig. 4. Galbraith plots of the association between visfatin expression and OS in
different cancer types.
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proliferation and increase hTERT (human telomerase catalytic subunit)
gene expression as well as prostate cancer cell proliferation [9,34].
Visfatin promotes proliferation via the E2F2/SIRT1 axis in melanoma
cells and upregulates Notch1 and activates NF- B pathway in breast
tumor, [37,38]. It can also increase the cell proliferation via promoting
G1/S phase progression through the PI3K/Akt and MAPK/ERK1/2
signaling pathways [39].

Visfatin also, causes metastasis in cancers by several mechanisms.
Visfatin has been shown to stimulate the epithelial–mesenchymal
transition (EMT) in breast cancer cells by inducing fibroblast-like
morphology, striking reduction in E-cadherin expression, and a con-
sistent upregulation of N-cadherin, vimentin, and ZEB1 [40]. Visfatin
can upregulate Snail in CRC cells by activating Akt/GSK-3β/β-catenin
signaling [25]. In osteosarcoma cells, visfatin, upregulates MMP-2 and
fibronectin expression through the NF- B/IL-6 signaling pathway [41].

Visfatin regulates cancer cell angiogenesis by several mechanism. In
breast cancer, visfatin induces the expression of the matrix metallo-
proteinase (MMP)-2, MMP-9, and vascular endothelial growth factor
(VEGF) genes, suggesting it’s potential role in breast cancer metastasis

and angiogenesis [42]. Upregulation of thromboxane synthase mediates
visfatin-induced interleukin-8 expression and angiogenic activity in
endothelial cells [43].

Recent studies have suggested that visfatin affects cancer drug re-
sistance. Visfatin mediates doxorubicin resistance in human non–small-
cell lung cancer (NSCLC) via Akt-mediated upregulation of ATP Binding
Cassette Subfamily C Member 1 (ABCC1) [44]. It also impacts che-
motherapy in patients with colorectal cancer (CRC) and serves as a
prognostic indicator for a poor response to chemotherapy [45]. Sup-
pression of vistatin signaling can sensitize glioblastoma to temozolo-
mide treatment via activation of the ROS/JNK signaling pathway [46].
Higher visfatin mRNA levels in bortezomib-resistant myeloma patients
was correlated with poor overall survival. Therefore, inhibition of vis-
fatin through intracellular NAD+ depletion enhances bortezomib-in-
duced anti-myeloma activity [47].

Visfatin can act as a tumor promoting cytokine by increasing pro-
liferation and angiogenesis, decreasing apoptosis, and promoting epi-
thelial-to-mesenchymal transition (EMT). Visfatin activates human
leukocytes and induces cytokine production such as IL-1beta, TNF-
alpha, and IL-6. It also increases the surface expression of co-stimula-
tory molecules CD54, CD40, and CD80, indicating a proinflammatory
role for visfatin [48]. Signaling pathways such as PI3K, ERK1/2, p38
MAPK, JNK, AKT, STAT3, NF-κB can contribute to activation of
downstream target gene transcription induced by visfatin, which leads
to over-expression of proinflammatory cytokines, resulting in higher
survival of tumor cells [49].

In our previous study, we demonstrated a direct association be-
tween high circulating visfatin levels and the risk of cancers, suggesting
its potential role as a biomarker for early detection of cancers [7].
However, the prognostic role of visfatin expression level was yet to be
clarified in different solid tumors. This comprehensive meta-analysis
was performed to evaluate the prognostic value of visfatin expression
(intercellular or extracellular) levels in different tumors. In addition its
potential association with the main tumor clinicopathological features
including LNM, DM, and clinical stage, as important indicators of pre-
dicting prognosis has also been examined.

Our meta-data revealed that high visfatin expression was an in-
dicator for advanced disease and poor prognosis with statistical sig-
nificance for OS (HR = 2.43, 95% CI 1.64–3.62, P < 0.001).
Combining HRs from Cox multivariate analyses also resulted in a poorer
OS in patients with higher visfatin level, indicating the probable role of

Fig. 5. The sensitivity analysis for the meta-analysis of OS in tumor patients.
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visfatin in the prognosis of cancer patients. Furthermore, visfatin over
expression was also remarkably correlated with LNM, DM, advanced
TNM stage, and larger tumor size in different malignancies. Meta-re-
sults from subgroup analyses according to the cancer type, sample size,
specimen type, and study quality, indicated the significant detrimental
effect of visfatin level on the OS in almost all subgroups. In general, the
pooled data illustrated that high visfatin expression may represent a
significant prognostic factor for survival outcomes and provides a new
benchmark in predicting the metastasis and progression of cancer.

Certain limitations must be considered when interpreting the con-
clusions in this meta-analysis. Foremost, all included studies were only
published in English, which may lead to a limited generalizability and
some footprint for selection bias. Second, the existence of some degree
of heterogeneity among studies might influence the results of this study.
However, a random effect model was used to minimize the effect of the
heterogeneity. Third, lack of a consistent standard for visfatin expres-
sion cut-off values can enhance the heterogeneity. Finally, different
post- surgery treatment protocols and follow-up times in various studies
may affect the survival outcomes and lead to some heterogeneity.

5. Conclusions

In conclusion, the present meta-analysis indicates a significant as-
sociation of visfatin over expression with LNM, DM, advanced TNM
stage, larger tumor size, and poor OS in different malignancies. Our
findings support visfatin overexpression as a promising potential bio-
marker to predict poor prognosis in cancer patients.
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