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Application of computational methods for investigating the role of vimentın in 

cancer prognosis and diagnosis 

Halil İbrahim PAZARBAŞI, İzmir International Biomedicine and Genome Institute, 

Dokuz Eylül University Health Campus, Balçova, 35340, İzmir / Türkiye, 

@ibg.edu.tr 

ABSTRACT 

Vimentin, a cytoskeletal protein implicated in various cellular processes, has garnered 

significant interest as a potential prognostic biomarker in cancer. Herein, a systematic 

literature review and meta-analysis was conducted in order to investigate the 

prognostic significance of vimentin expression across diverse cancer types through in 

silico approaches. A comprehensive search yielded 115 eligible studies encompassing 

14,784 patients, representing a broad spectrum of cancers. Pooled hazard ratios (HRs) 

with 95% confidence intervals (CIs) were calculated to assess the association between 

vimentin expression and patients' survival outcomes, including overall survival (OS), 

recurrence-free/disease-free survival (RFS/DFS), progression-free/metastasis-free 

survival (PFS/MFS) and disease-specific survival (DSS). Our analysis revealed a 

significant correlation between elevated vimentin expression and adverse survival 

outcomes across multiple cancer types. Specifically, increased vimentin expression 

was associated with poorer OS, RFS/DFS, PFS/MFS and DSS. These findings were 

robust and consistent across diverse cancer cohorts. Furthermore, when the studies 

were classified based on the host country’s income, a significant association was found 

between vimentin overexpression and poorer OS in the lower-middle income 

subgroup. Collectively, our meta-analysis provides compelling evidence supporting 

vimentin as a promising prognostic biomarker across a wide range of human cancers. 

These findings underscore the potential clinical utility of vimentin in prognostic 

stratification and personalized decision-making for cancer patients. 

Key Words: Vimentin, Cancer, Prognosis, Meta-analysis, Biomarker, Survival Analysis 
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Vimentinin kanser prognozu ve teşhisinde rolünü araştırmak için hesaplamalı 

yöntemlerin uygulanması 

Halil İbrahim PAZARBAŞI, İzmir Uluslararası Biyotıp ve Genom Enstitüsü, Dokuz 

Eylül Üniversitesi Sağlık Kampüsü, Balçova, 35340, İzmir / Türkiye, 

hi@ibg.edu.tr 

ÖZET 

Çeşitli hücresel süreçlerde rol oynayan bir iskelet proteini olan vimentin, kanserde 

potansiyel bir prognostik biyomarker olarak ilgi çekmiştir. Bu çalışmada, çeşitli kanser 

türlerinde vimentin ekspresyonunun prognostik önemini araştırmak amacıyla 

sistematik bir literatür taraması ve meta-analiz çalışması yapılmıştır. Yapılan kapsamlı 

arama sonucunda, çeşitli kanser türlerinden 14.784 hastayı kapsayan 115 uygun 

çalışma tespit edilmiştir. Vimentin ekspresyonu ile hastaların sağkalım sonuçları (genel 

sağkalım (OS), nükssüz/hastalıksız sağkalım (RFS/DFS), ilerlemesiz/metastazsız 

sağkalım (PFS/MFS) ve hastalığa özgü sağkalım (DSS)) arasındaki ilişkiyi 

değerlendirmek için %95 güven aralıkları (CIs) ile birleşik risk oranları (HRs) 

hesaplanmıştır. Analizimiz, artan vimentin ekspresyonu ile birçok kanser türünde 

olumsuz sağkalım sonuçları arasında anlamlı bir korelasyon ortaya koymuştur. 

Özellikle, artan vimentin ekspresyonu olumsuz OS, RFS/DFS, PFS/MFS ve DSS ile 

ilişkilendirilmiştir. Bu bulgular, çeşitli kanser kohortları arasında tutarlı sonuçlar 

vermiştir. Ayrıca dahil edilen çalışmalar, çalışmanın yapıldığı ülkenin gelirine göre 

sınıflandırıldığında, düşük-orta gelir grubunda vimentinin aşırı ekspresyonu ile daha 

kötü genel sağkalım arasında anlamlı bir ilişki bulunmuştur. Yapılan meta-analiz 

çalışmasında, vimentinin geniş bir insan kanseri yelpazesinde umut verici bir 

prognostik biyomarker olduğunu destekleyen güçlü kanıtlar yer almaktadır. Bu 

bulgular, vimentinin prognostik sınıflandırmada ve kanser hastaları için kişiselleştirilmiş 

karar vermede potansiyel klinik faydasını vurgulamaktadır. 

Anahtar Sözcükler: Vimentin, Kanser, Prognoz, Meta-Analiz, Biyomarker, Sağkalım 

Analizi 

mailto:halil.pazarbasi@ibg.edu.tr
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1. INTRODUCTION AND OBJECTIVES

1.1. Description and Significance of the Issue 

Meta-analysis is a systematic review of a focused topic in the literature that 

provides a quantitative estimate for the effect of a treatment intervention or exposure. 

The key to designing a high quality meta-analysis is to identify an area where the effect 

of the treatment or exposure is uncertain and where a relatively homogenous body of 

literature exists. The techniques used in meta-analysis provide a structured and 

standardized approach for analyzing prior findings in a specific topic in the literature. 

Meta-analysis findings may not only be quantitative but also may be qualitative and 

reveal the biases, strengths, and weaknesses of existing studies. The results of a 

meta-analysis can be used to form treatment recommendations or to provide guidance 

in the design of future clinical trials (Russo, 2007). 

Identifying robust biomarkers for precise and timely diagnosis, prognosis, and 

evidence-based decision-making across various cancer types remains a significant 

challenge in clinical and medical research (Das et al., 2023; Fountzilas et al., 2023; Liu 

et al., 2014; Yu et al., 2019; Zhang et al., 2020). With the continuous influx of 

quantitative and qualitative data from clinical trials and studies, meta-analysis has 

become a crucial tool in clinical practice and public health. This statistical approach 

combines the quantitative results from multiple scientific studies addressing the same 

question, enhancing in this way statistical power and resolving conflicts among 

individual studies (Forero et al., 2019; Papakostidis & Giannoudis, 2023; Shadish & 

Lecy, 2015).  

Vimentin is a crucial component of the interstitial cell skeleton. The expression 

levels of vimentin are increased during epithelial-to-mesenchymal transition (EMT) and 

closely correlated with cancer invasion and metastasis. Moreover, Vimentin plays a 

role in cell cycle regulation and adhesion, highlighting its significance in cancer 

development and progression (Lin et al., 2017). Nonetheless, despite the well-

documented role of vimentin in cancer biology and progression, a comprehensive 

meta-analysis of the predictive value of vimentin expression in cancer is lacking. 

Although several meta-analysis studies have been conducted on the association of 

vimentin with cancer clinical outcomes, these studies include a limited number of 
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studies and therefore encompass a low number of patients. In addition, the meta-

analysis studies conducted to date have examined the relationship between vimentin 

and survival in a group of patients with a single type of cancer.  

The present study provides an updated and comprehensive meta-analysis on 

the prognostic significance of vimentin in various human cancers. By implementing 

strict inclusion and exclusion criteria, we included 115 eligible studies, a sufficiently 

large number for a robust meta-analysis.  

1.2. Hypothesis of the Study 

A comprehensive meta-analytic study that includes all possible cancer types 

and statistically significant results to associate elevated vimentin expression with poor 

clinical outcomes, including reduced survival rates and increased likelihood of 

metastasis in a large patient group, could further support the role of vimentin as a 

prognostic biomarker. 

1.3. Aims of the Study 

The aim of this study is to investigate the role of vimentin as a potential 

prognostic biomarker for overall survival, cancer recurrence, cancer progression, and 

metastasis across various cancer types by conducting systematic literature review and 

meta-analysis. 
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2. GENERAL INFORMATION

2.1. Application of meta-analysis for determining cancer biomarkers 

Herein, we present a methodological guide for conducting meta-analyses using 

transparent and reproducible methods to derive valid conclusions from the existing 

body of research. 

2.1.1. Defining the research question 

The first step in conducting a meta-analysis is to formulate a clear and well-

defined research question (Shaheen et al., 2023). For instance, one might ask whether 

HOTAIR expression is linked to survival rates in human cancers. Researchers should 

provide a background on the topic, referencing current knowledge, and clearly state 

the primary objectives of the meta-analysis. In a study the authors highlighted gaps in 

the scientific literature and outlined their research goals, which included performing a 

comprehensive and updated meta-analysis to assess the prognostic significance of 

HOTAIR expression in cancer (Toy et al., 2019). Their analysis revealed a significant 

positive correlation between HOTAIR overexpression and poor overall survival, as well 

as progression/metastasis-free and recurrence/disease-free survival, across various 

types and subtypes of human cancers (Toy et al., 2019). 

2.1.2. Systematic Literature Review 

Conducting a systematic review to collect both published and unpublished 

studies is a challenging aspect of meta-analysis. To maximize the retrieval of relevant 

studies, it is recommended to search multiple bibliographic databases, such as 

MEDLINE/PubMed, Scopus, Embase, The Cochrane Central Register of Controlled 

Trials, Web of Science, and Google Scholar (Falagas et al., 2008). An extensive, often 

manual, search of these scientific databases is carried out using a combination of 

relevant search terms. Initially, the titles and abstracts of the articles are scanned to 

exclude irrelevant studies. The reference lists of review articles can also be examined 
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to identify additional articles that may have been missed in the initial search. The 

selected articles are then filtered based on established inclusion criteria (e.g., 

publication in English, minimum sample size) and exclusion criteria (e.g., not original 

research, inadequate sample size). The key variables to be extracted from the eligible 

studies should be defined. Broad inclusion criteria may increase heterogeneity among 

studies, while narrow inclusion criteria may limit the number of relevant studies (Forero 

et al., 2019; Nikolopoulos et al., 2011). 

2.1.2.1. Quality Assessment of Included Studies 

Evaluating the quality of the included studies can help researchers refine their 

inclusion/exclusion criteria and assess the representativeness of the study samples. 

Various tools are commonly employed for this purpose: the Jadad scale (Jadad et al., 

1996) for randomized clinical trials, the Newcastle-Ottawa scale (Moskalewicz & 

Oremus, 2020; Stang, 2010) for non-randomized studies, AXIS (Downes et al., 2016) 

for cross-sectional studies, and QUADAS-2 (Whiting et al., 2011) for diagnostic 

accuracy studies. 

2.1.2.2. Data Extraction 

Key data from the selected studies are extracted and recorded in a structured 

format, often using an Excel spreadsheet. If essential data are missing from the main 

text or supplementary materials, the corresponding authors were contacted to obtain 

the missing information. Moreover, it is recommended that these tasks be performed 

independently by two investigators, with any discrepancies resolved through 

consensus (Forero et al., 2019; Greco et al., 2013; Nikolopoulos et al., 2011). 

2.1.2.3. Reporting Guidelines 

Ensuring transparency, reliability, comprehensiveness, and replicability in a 

systematic review is aided by updated reporting guidelines established by international 
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consortia. Some examples include QUORUM (Quality of Reporting of Meta-analyses) 

(Clarke, 2000), MOOSE (Meta-analysis Of Observational Studies in Epidemiology) 

(Brooke et al., 2021), and the widely used PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) checklist (Page et al., 2021). Additionally, 

specific guidelines have been developed for certain types of studies, such as 

CONSORT for randomized clinical trials (Hopewel et al., 2008) and STROBE 

guidelines for observational clinical studies (usually in the surgical discipline) (von Elm 

et al., 2007) , meta-analysis techniques specifically tailored for genetic association 

studies (Sagoo et al., 2009) and genome-wide association studies (GWAS) have also 

been developed to accommodate the unique complexities and large datasets 

associated with these fields(Evangelou & Ioannidis, 2013). These methods are 

essential for synthesizing data across multiple studies, allowing for more robust and 

reliable identification of genetic variants linked to diseases or traits.  

2.1.3. Statistical Analyses 

Once data had been collected, statistical analyses were performed using state-of-the-

art, freely accessible software such as R (https://www.r-project.org/) or Stata 

(https://www.stata.com/) or standalone applications. 

2.1.4. Effect Estimation 

The choice of effect measure depends on the type of data, such as 

dichotomous, continuous, or time-to-event data. In epidemiological studies with binary 

outcomes, the overall effect can be measured using odds ratios (OR), relative risk 

(RR), or risk difference (RD). The OR (Ranganathan et al., 2015; Szumilas, 2010), for 

example, quantifies the association between exposure and outcome, and an OR 

greater than 1 suggests that the outcome is more likely to occur in the presence of the 

exposure. For instance, Zhu et al. (Zhu et al., 2017) used OR to demonstrate a 

significant correlation between PVT1 expression and lymph node metastasis, distant 

metastases, advanced tumor-node-metastasis (TNM) stage, and tumor size. Similarly, 

Wang and coworkers (Wang et al., 2021) found that heat shock protein 70 (HSP70) 

expression was strongly associated with higher tumor differentiation, intestinal gastric 

cancer, and lymphovascular invasion. 
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RR or risk ratio (Ranganathan et al., 2015; Sistrom & Garvan, 2004) measures 

the ratio of the risk of an event occurring in the exposed group compared to the 

unexposed group. Nassour et al. (Nassour et al., 2023) reported a higher RR of bladder 

and kidney cancer in Lynch syndrome patients. Risk difference (RD) (Kim, 2017) 

represents the difference in risk between the exposed and unexposed groups. For 

example, Nakamura et al. (Nakamura et al., 2024) found that heat-shock protein 

HSP40 is associated with a lower probability of lymph node dissemination, while HSF1 

is linked to a higher probability. 

Hazard ratio (HR) (Roberts et al., 2019) is typically used for time-to-event data, 

such as survival studies. HR compares the hazard rate of an event in an exposed 

group with that in an unexposed group. In the absence of reported HRs, they can be 

estimated from Kaplan-Meier curves using the Cox proportional hazards model 

(Tibshirani, 1982). For instance, Toy and colleagues (Toy et al., 2019) estimated HRs 

in cancer patients with high HOTAIR expression, finding a lower overall survival rate 

compared to those with low expression. Fang and collaborators (Fang et al., 2020) 

reported a significant positive correlation between elevated lncSNHG15 expression 

and poor overall and disease-free survival. Recently, de Moraes and colleagues (de 

Moraes et al., 2024) showed that breast cancer patients treated only with CDK 

inhibitors had a higher progression-free survival rate compared to those treated with 

both CDK inhibitors and PPIs. 

2.1.5. Forest Plot 

The results of meta-analyses are typically displayed using forest plots (Lewis & 

Clarke, 2001) (Figure 1), which graphically represent the estimated effect sizes for 

each study along with their 95% confidence intervals, as well as the pooled effect, 

which is the weighted average of the individual estimates. 
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Figure 1. Example forest plot of hazard ratios. The left column lists individual studies 
in chronological order, identified by the first author’s name and publication year. Each 
study's effect measure is depicted as a circle, with whiskers representing the 95% 
confidence interval (CI). The size of the circle corresponds to the study's weight in the 
meta-analysis, with larger studies contributing more weight. The overall effect is 
indicated by a diamond, and the width of the diamond illustrates the 95% CI of the 
pooled estimate.

2.1.6. Selection of The Best Fit Statistical Model 

Most meta-analyses use either a fixed-effect or random-effects model (Dettori 

et al., 2022) to calculate the overall effect. The fixed-effects model assumes a single 

common true effect size among studies, while the random-effects model assumes that 

true effects vary across studies and calculates the overall effect as the weighted 

average of the individual effects. 

2.1.7. Heterogeneity 

Studies included in a meta-analysis often differ in design, methodology, data 

processing, and analysis, leading to heterogeneity, which represents the degree of 

variation among studies. Assessing and quantifying heterogeneity is crucial to 

determine whether it is appropriate to combine the studies in the meta-analysis. 

Several metrics are used for this purpose (Cordero & Dans, 2021; Sedgwick, 2015a). 
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Cochran’s Q test (Cochran, 1950) is a non-parametric statistical test that examines 

whether all studies have the same effect size. A p-value less than 0.05 indicates the 

presence of heterogeneity. Another solid metric, the Higgins I2 statistic (Higgins et al., 

2003) estimates the percentage of observed variation across studies attributable to 

real heterogeneity rather than chance. I2 is calculated with the formula (Q−df)/Q×100%, 

where ‘Q’ is the Cochran test and ‘df’ is the degrees of freedom. I2 values range from 

0% (no heterogeneity) to 100% (high heterogeneity). Typically, if I2 ≥ 50%, a random-

effects model is applied; otherwise, a fixed-effects model is used (Toy et al., 2019). 

Subgroup analysis (Richardson et al., 2019) is often employed to explore 

heterogeneity further. Studies are grouped based on specific characteristics (e.g. the 

ethnicity, the types of cancer by primary anatomical site, the endocrine gland 

neoplasms, the types of squamous cell carcinoma, the data extraction method, the 

income of the country where healthcare is provided), and separate meta-analyses are 

conducted for each subgroup to detect any statistically significant differences. 

2.1.8. Sensitivity Analysis 

Sensitivity analysis is performed to assess the robustness of the results (Figure 

2). This involves sequentially omitting one study, repeating the meta-analysis, and 

evaluating the impact of the omitted study on the overall effect size. If a study 

significantly affects the overall effect size, it may contribute to between-study variation. 
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Figure 2. Example sensitivity analysis. The results remain consistent with the inclusion 
or exclusion of any individual study. The pooled hazard ratio (HR) and 95% confidence 
interval (CI) are unchanged, indicating that no single study significantly influences the 
overall findings.

2.1.9. Publication Bias 

Publication bias (Sedgwick, 2015b) is a significant concern in meta-analyses, 

as studies with statistically insignificant results are less likely to be published than those 

with significant findings. Assessing and addressing publication bias is essential for 

ensuring the validity and reliability of the meta-analysis (Lin & Chu, 2018; Shaheen et 

al., 2023). Several methods are available to detect publication bias (Jin et al., 2015). 

A quasi-statistical method, the funnel plot (Egger et al., 1997), allows for the 

visual inspection of potential publication bias. This scatterplot displays the standard 

errors of the effect estimates from individual studies on the horizontal axis against the 

standard error of the estimated effect on the vertical axis. An inverted funnel plot that 

appears symmetrical suggests the absence of publication bias, whereas an 

asymmetrical plot indicates its presence (Figure 3). In such plots, smaller studies often 

exhibit a wider scatter at the bottom, reflecting less precision, while larger studies show 

a narrower spread, being closer to the true effect size due to their greater precision. 

The Begg and Mazumdar adjusted rank correlation test is a statistical analogue 

of the funnel plot, used to identify significant correlations between effect estimates and 

their variances (Begg & Mazumdar, 1994). The Egger’s test (Egger et al., 1997), 

another method, performs a linear regression of standardized effect estimates on their 
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standard errors, with a p-value less than 0.05 indicating statistically significant 

publication bias. 

Figure 3. Example of funnel plots. The graphic on the left represents the symmetrical 
funnel plot, and the right represents the asymmetrical funnel plot. 

2.2. Meta-analysis of the prognostic significance of Vimentin in cancer 

2.2.1. Vimentin molecule 

Vimentin, a type III cytoplasmic intermediate filament (IF) protein assembling 

into extensive cytoskeletal networks, plays a crucial role in maintaining cell structure 

and integrity. This 57-kD protein is highly conserved and ubiquitously present. Vimentin 

is consistently expressed in mesenchymal cells, including endothelial cells lining blood 

vessels, renal tubular cells, leukocytes, fibroblasts, neutrophils, and macrophages 

(Crystal et al., 2008; Fuchs & Weber, 1994; McKeon et al., 1986; Satelli & Li, 2011; 

Steinert, 1993; Steinert et al., 1993). The vimentin polypeptide consists of 466 amino 

acids, featuring a highly conserved α-helical "rod" domain flanked by non-α-helical N- 

and C-terminal domains, referred to as the "head" (77 residues) and "tail" (61 

residues), respectively (Goldie et al., 2007). Vimentin IFs (VIFs) play roles in various 

cellular functions, including the development of focal adhesions (Tsuruta & Jones, 

2003), stress-fiber assembly ( Jiu et al., 2017), invadopodia elongation (Schoumacher 

et al., 2010), and the regulation of microtubule dynamics (Gan et al., 2016; Shabbir et 

al., 2014), as well as in viral infections (Suprewicz et al., 2021; Yu et al., 2016). The 

assembly of VIFs and vimentin expression are well-established markers and regulators 

of the EMT (Mendez et al., 2010). They play a critical role in various stages of cancer 
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initiation and progression (Kidd et al., 2014; Satelli & Li, 2011), as well as in other 

pathological conditions (Danielsson et al., 2018; Eibauer et al., n.d.; Henderson et al., 

2012). 

Vimentin is encoded by a single-copy gene located on chromosome 10p13. 

Early research studies identified three distinct elements within the vimentin promoter 

that regulate its expression (Rittling & Baserga, 1987). Subsequent studies have 

revealed several cis-elements and associated factors within the human vimentin 

promoter, indicating that the gene is under complex regulatory control (Satelli & Li, 

2011). These include a TATA box, eight putative GC-boxes (Rittling & Baserga, 1987), 

NF-κB binding site (Lilienbaum & Paulin, 1993), AP-1 binding site (Rittling et al., 1989), 

PEA3 binding site (Chen et al., 1996), Sp/XKLF binding site (Zhang et al., 2003), and 

ZBP-89 binding site (Wieczorek et al., 2000). Additionally, vimentin expression has 

been shown to be transactivated by β-catenin/TCF, which binds to a site 468 bp 

upstream of the transcription initiation site in the vimentin promoter, thereby enhancing 

the invasive potential of tumor cells (Gilles et al., 2003). 

2.2.1. Vimentin in EMT 

Epithelial to mesenchymal transition (EMT) is a reversible biological process 

where epithelial cells undergo a transformation, losing their distinct characteristics 

such as apicobasal polarity, intercellular junctions, epithelial markers, and stable 

cytoskeletal organization. This transition leads them to acquire a mesenchymal 

phenotype, which is characterized by enhanced mobility, invasiveness, and a loss of 

differentiation (Kalluri & Weinberg, 2009). Importantly, the role of EMT in cancer 

extends beyond epithelial-origin cancers to include non-epithelial cancers such as 

glioma and hematological malignancies (Kahlert et al., 2017). 

EMT can be classified into three types depending on the tissue context and 

pathophysiological conditions: Type-1 EMT occurs during organogenesis and 

embryonic development, such as in gastrulation or the migration of cells from the 

neural crest. Type-2 EMT is involved in wound healing, promoting cell migration, 

growth, and organ fibrosis (Roche, 2018). Type-3 EMT is associated with the onset 

and progression of various diseases, including cancer and metastasis (Usman et al., 

2021). 
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At the molecular level, vimentin over-expression is linked to EMT, a significant 

alteration in the adhesion and migration properties of cancer cells (Hugo et al., 2007). 

Vimentin, a mesenchymal-specific protein, is generally not expressed in normal 

epithelial cells but is induced when cells undergo epithelial-mesenchymal transition 

(EMT). Thus, elevated vimentin expression can be considered a hallmark of EMT (Liu 

et al., 2016). 

EMT is a complex process that involves the coordinated interaction of various 

networks, including inducers, core regulators, and effectors. Key inducers of EMT 

include transforming growth factor-beta (TGF-β), bone morphogenetic protein (BMP), 

receptor tyrosine kinase (RTK), Wnt/β-catenin, NOTCH, hedgehog, signal transducer 

and activator of transcription 3 (STAT3), extracellular matrix (ECM)-mediated 

pathways, and hypoxia signaling (Gonzalez & Medici, 2014; Yeo et al., 2017). These 

inducers trigger the expression and activation of EMT core regulators, notably three 

major groups of EMT-activating transcription factors (EMT-TFs): the Snail family 

(Snail/Slug), the ZEB family (ZEB1/ZEB2), and the Twist family (TWIST1/TWIST2) 

(Georgakopoulos-Soares et al., 2020). Additional EMT-TFs include c-Myc, FOXC2, 

and HIF1. The activation of these EMT-TFs is further refined by epigenetic 

modifications, which lead to the expression of various EMT effectors that determine 

the cell's identity ( Lin & Wu, 2020; Usman et al., 2021). 

During EMT, the expression of epithelial proteins are downregulated by the cells, 

including those that are part of cell junction complexes (Huang et al., 2012). Epithelial 

biomarkers, including E-cadherin, EpCAM, claudins, occludins, and cytokeratins, 

experience a decrease in expression, while mesenchymal markers like vimentin, α-

SMA, fibronectin, N-cadherin, and integrin β6 show an increase in expression (Scanlon 

et al., 2013).  

Vimentin filaments provide cancer cells with a viscoelastic framework that 

shields them from mechanical stress during migration or when passing through tight 

spaces. These filaments also help maintain the positioning and integrity of organelles, 

particularly the nucleus, during EMT and the progression of cancer. Additionally, it has 

been reported that vimentin safeguards cancer cells from the internal stress caused by 

misfolded proteins by directly binding to stress granules and aggresomes, aiding in 

their subsequent breakdown (Pattabiraman et al., 2020; Patteson et al., 2019). 
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Cancer stem cells (CSCs) are a small subset of cells with the ability to self-

renew and are known for their resistance to therapies and immune responses. These 

pluripotent cells can initiate new tumors at distant sites (Usman et al., 2020). It has 

been suggested that EMT can convert non-CSCs into cancer stem cells, which are 

consistently vimentin-positive (Carnero & Lleonart, 2016). CSCs are believed to arise 

from interactions and adaptations within the tumor microenvironment and through 

therapeutic interventions, leading to a diverse subpopulation. Hypoxia, or low oxygen 

conditions, plays a significant role in the development of CSC traits, including self-

renewal, EMT, and drug resistance. Hypoxia-inducible factors (HIFs) are key mediators 

of cellular responses to hypoxia, such as proliferation, EMT, and metastasis. Other 

signaling pathways, including TGF-β, Wnt/β-catenin, TNF-α, and NF-κB, also regulate 

stemness through HIFs and contribute to EMT by controlling the expression of 

transcription factors like SNAI1, TWIST, ZEB1, SLUG, and TCF3, which in turn lead to 

vimentin expression (Usman et al., 2021). 
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3. MATERIALS AND METHODS

3.1. Type of the Study 

This study was carried out using in silico methods and data from publicly 

accessible sources. 

3.2. Time and the Location of the Study 

This study was conducted at Izmir Biomedicine and Genome Institute in the 

period of time between December 2020 and March 2024. 

3.3. Materials of the Study 

All relevant research articles studied on the relationship between vimentin 

expression and cancer survival were sourced from the PubMed/MEDLINE biomedical 

literature database (Fiorini et al., 2017). 

3.4. Research variables 

The main variable in the study was the vimentin expression level (low versus 

high), which was investigated for the evaluation of OS, RFS/DFS, PFS/MFS and DSS 

in various cancer groups. 

3.5. Programming Languages and Tools for Data Processing 

• Engauge Digitizer (Tierney et al., 2007).

• STATA statistical software version 13.0 (Stata Corporation, College Station, TX,

USA).

• Microsoft Excel.

3.6. Data Analysis 

3.6.1. Searching Strategy and Study Eligibility Criteria 

To ensure methodological rigor, we conducted a systematic review and meta-

analysis in adherence to the PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) guidelines (Page et al., 2021). A comprehensive search 
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for relevant scientific studies examining the correlations between vimentin expression 

and prognosis across various cancer types was performed on the PubMed/MEDLINE 

(Fiorini et al., 2017) bibliographic database. The search process involved a meticulous 

manual examination, utilizing a combination of pertinent keywords to retrieve relevant 

publications: (“vimentin” OR “VIM” OR “vmt”) AND (“cancer” OR “carcinoma” OR 

“tumor” OR “tumour” OR “neoplasm” OR “malignancy”) AND (“prognosis” OR “survival” 

OR “incidence” OR “outcome” OR “mortality” OR “death”).  

For a study to be deemed eligible for inclusion in this study, it had to meet the 

following predetermined criteria: (1) studies of human clinical trials, (2) studies 

including more than 30 patients in total, (3) the correlation between vimentin 

expression and cancer patients’ survival was estimated, (4) availability of HR and 95% 

confidence interval (CI) or survival curves or sufficient data to calculate HR and 95% 

CI, (5) quantitative measurement (e.g., qPCR) of vimentin expression in cancers was 

included, (6) studies published in English, (7) studies with statistically significant 

survival data (p<0,05). 

In contrast, studies were excluded from consideration based on the 

predetermined exclusion criteria: (1) Not original article (i.e., case reports, reviews, 

letters, editorials, meta-analysis, commentaries, and unpublished data); (2) Non-

English articles; (3) Not a human study (e.g. laboratory studies on cell lines or animal 

models); (4) Irrelevant studies (i.e. not related to vimentin, survival or cancer prognosis) 

(5) Insufficient survival data (e.g. not divided into high and low vimentin groups); (6) 

studies including less than 30 patients in total; (7) Insufficient tissue samples or 

samples other than tissue (e.g., blood, serum); (8) studies with not statistically 

significant survival data (p≥0,05). 

3.6.2. Study Selection, Data Extraction, and Quality Assessment 

The identification of potential studies was carried out independently by two 

authors (Halil İbrahim Pazarbaşı (H.I.P.) and Didem Ökmen (D.O.)) from the available 

literature. Quality assessment of these studies was conducted independently by H.I.P. 

and D.O., with any discrepancies resolved through consultation with a third investigator 

(Athanasia Pavlopoulou) (Mathew, 2022; Russo, 2007). Data relevant to the research 

were extracted from the included studies and systematically recorded in a customized 
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Excel worksheet. In instances where the Hazard Ratio (HR) was not explicitly reported 

in the respective articles, data were extracted from graphical survival plots (i.e., 

Kaplan-Meier curves) using Engauge Digitizer v10.11 software, following established 

procedures. 

3.6.3. Statistical analysis 

All statistical analyses were executed using STATA statistical software version 

13.0 (Stata Corporation, College Station, TX, USA), and Microsoft Excel. To assess 

the heterogeneity among the included studies, the Higgins I-squared (I2) statistic was 

employed, with categorization as follows: I2 < 25% denoted no heterogeneity, 

25%<I2<50% indicated low heterogeneity, 50%<I2<75% signified moderate 

heterogeneity, and I2 > 75% represented high heterogeneity (Higgins et al., 2003; 

Higgins & Thompson, 2002). In instances of statistically significant heterogeneity (I2 > 

50% and Ph < 0.05), a random-effects model was employed; otherwise, a fixed-effects 

model (DerSimonian & Laird, 1986, 2015) was used. Sensitivity analysis was 

conducted by systematically excluding individual studies to validate the consistency of 

outcomes. Potential publication bias was assessed through Begg’s funnel plot (Begg 

& Mazumdar, 1994) and Egger’s test (Egger et al., 1997), with a p-value less than 0.05 

considered indicative of statistically significant publication bias. 
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4. RESULTS

4.1. Study Selection Process and Characteristics of Included Studies 

A comprehensive search of the biomedical literature yielded a total of 54,980 

relevant scientific studies published or accepted until December 31, 2020. Following 

the application of predefined inclusion and exclusion criteria, 115 studies were deemed 

eligible for inclusion in this meta-analysis, as illustrated in Figure 4. Table 1 provides 

a summary of key characteristics extracted from these included studies, encompassing 

details such as the surname of the first author, year of publication, country of origin, 

cancer type, duration of follow-up (in months), total patient count, vimentin expression 

detection method, hazard ratios (HR) with corresponding 95% confidence intervals (CI) 

for various survival endpoints including overall survival (OS), recurrence-free survival 

(RFS), disease-free survival (DFS), progression-free survival (PFS), and metastasis-

free survival (MFS), as well as data extraction methodology and specimen type. In 

total, the meta-analysis comprised 14,784 patients across 115 cohorts spanning the 

years 1990 to 2022, with reported follow-up periods ranging from 24 to 302 months. 

The measurement of vimentin expression levels encompassed techniques such as 

quantitative reverse transcription polymerase chain reaction (qRT-PCR), microarrays, 

and immunohistochemistry (IHC) staining methods. The HRs that were not included in 

the subsequent steps of the analysis because they were not considered statistical 

significant (i.e., p-value > 0.05) are shown in red. 
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Figure 4. Flowchart used in study selection. 

Potential papers identified 

through database search  

(n = 54980) 

Records screened after 

duplicates removed 

(n= 6416) 

Full text articles assessed 

for eligibility  

(n= 186) 

Included eligible full-text 

articles (n= 115) 

Studies excluded for the following 

reasons: 

• Not a human study

• Not English article

• Not original article

• Not tissue samples (e.g.serum,

plasma)

• Unrelated to vimentin

• Unrelated to survival

• Less than 30 patients

Studies excluded for the following 

reasons:  

• Not original data

• Insufficient survival data

• Insufficient tissue samples

• Not statistically significant

survival data
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Table 1. Characteristics of the studies included in the meta-analysis 

Author (Year) Country Cancer Type Maximum 
months of 
follow up 

High 
Expression 

Low 
Expression 

Total 
Cases 

HR of OS p-value DFS/ 
RFS 

p-
value 

HR of 
MFS/ 
PFS 

p-
value 

HR of DSS p-value Assay 
method 

Data 
extraction 
method 

(Domagala et 
al., 1990) 

Poland Breast Cancer 60 22 61 83 2.381 (0.989–
3.721) 

0.0465 IHC K-M 

(Ueyama et 
al., 1993) 

Japan Gastric Cancer 100 5 133 138 1.203 (0.929–
1.321) 

0.0465 IHC K-M 

(Dehghani et 
al., 1998) 

Germany Oligodendroglioma 132 25 57 82 1.378 (1.185–
2.525) 

0 IHC K-M 

(Sabo et al., 
1997) 

Israel RCC 180 17 22 39 2.003 (1.254–
3.199) 

0.001 1.47 
(1.004–
2.726) 

0.004 IHC K-M 

(Moch et al., 
1999) 

Switzerland RCC 241 139 144 283 1.177 (0.693–
1.785) 

0.017 IHC K-M 

(H. L. Kim et 
al., 2004) 

USA RCC >120 NM NM 44 2.48 (1.12-
5.50) 

0.026 IHC Reported 

(Rodríguez-
Pinilla et al., 
2007) 

Spain Breast Cancer 200 26 73 99 1.063 (0.6-
1.69)  

0.027 IHC K-M 

(Lien et al., 
2007) 

Taiwan Breast Cancer >100 10 134 144 2.383 (1.173–
3.152) 

0.001 IHC K-M 

(Ngan et al., 
2007) 

Japan CRC 120 59 83 142 0.411 (0.188–
0.901) 

0.026 0.507 
(0.25–
1.025) 

0.059 IHC K-M 

(Al-Saad et 
al., 2008) 

Norway NSCLC 179 302 33 335 2.695 
(1.441-
5.039) 

0.002 IHC Reported 

(L.-K. Liu et 
al., 2010) 

China OSCC 170 20 37 57 1.142 (0.893–
2.2169) 

0.039 IHC K-M 

(M. A. Kim et 
al., 2009) 

South 
Korea 

Gastric Cancer 108 37 534 571 1.226 (0.804–
1.476) 

0.0288 IHC K-M 

(Fuyuhiro et 
al., 2010) 

Japan Gastric Cancer 177 86 179 265 1.481 (0. 893–
3.113) 

0.048 IHC K-M 

(Tseng et al., 
2011) 

Taiwan OSCC >60 32 33 65 0.45 (0.20–1.00) 0.05 IHC Reported 

(Handra-Luca 
et al., 2011) 

USA PDAC 101,95 94 60 154 1.53 (1.14–2.05) 0.01 IHC Reported 

(Otsuki et al., 
2011) 

Japan Gastric Cancer 72 NM NM 106 2.1 
(1.0–
4.4) 

0.036 2.1 (1.0-4.5) 0.041 RT-
PCR 

Reported 

(Albert et al., 
2012) 

France TSCC >70 14 30 44 4.48 (1.6–12.3) 0.0086 IHC Reported 

(Y. Cheng et 
al., 2012) 

China Cervical Cancer 70 38 51 89 1.587 (1.027–
2.247) 

0.013 IHC K-M 

(T. Liu et al., 
2013) 

China Breast Cancer 60 75 48 123 10.723 (1.582–
14.627) 

<0.000
1 

10.831 
(3.197–
13.513) 

<0.000
1 

IHC Reported 

(W.-F. Liu et 
al., 2012) 

China Gastric Cancer >60 81 53 134 1.133 (0.977–
1.784) 

0 IHC K-M 
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(Luo et al., 
2012) 

China NPC 92 65 57 122 2.473 (1.185–
5.160) 

0.016 IHC Reported 

(Imajyo et al., 
2012) 

Japan OSCC 60 11 124 135 1.461 (1.009–
1.929) 

0.03 1.549 
(0.98–
2.318)  

0.022 IHC K-M 

(F. Richardson 
et al., 2012) 

Canada NSCLC 24 12 26 38 2.32 (1.09–4.94) 0.025 IHC Reported 

(Tseng et al., 
2012) 

Taiwan HNSCC 112 15 37 52 3.071 (1.344–
7.021) 

0.008 IHC Reported 

(D. Chen et 
al., 2014) 

Germany RCC >120 8 43 51 7.6 (1.7-
34.4) 

0.008 IHC Reported 

(Gu & Choi, 
2014) 

South 
Korea 

Cholangiocarcinoma 180 18 67 85 4.344 (1.293–
14.592) 

0.017 IHC of 
TMA 

Reported 

(A. Kim et al., 
2013) 

South 
Korea 

Intestinal Cancer 158 14 70 84 1.238 (0.965–
1.705) 

0.026 IHC K-M 

(Mao et al., 
2013) 

China Cholangiocarcinoma 60 53 89 142 1.727 (1.002–
2.803) 

0.00 IHC K-M 

(Y. Nakashima 
et al., 2013) 

Japan ESCC >60 20 81 101 1.271 (0.904–
1.699) 

0.016 IHC K-M 

(Sawant et al., 
2014) 

India OSCC 184 52 175 227 1.938 (0.993–
3.589) 

0.0432 IHC K-M 

(W. Tian et al., 
2013) 

China Leiomyosarcomas >60  20 25 45 5.836 (1.315–
13.880) 

0.016 IHC Reported 

(Toiyama et 
al., 2013) 

Japan CRC 150 90 91 181 2.54 (1.47–4.38) 0.0008 RT-
PCR 

Reported 

(Xu et al., 
2013) 

China Pancreatic Cancer >100 8 52 60 1.045 (0.997–1. 
628) 

0.01 IHC K-M 

(Yamashita et 
al., 2013) 

Japan Breast Cancer 240 32 50 82 3.33 (1.26–9.76) 0.015 3.27 
(1.04–
12.6) 

0.043 RT-
PCR 

Reported 

(X. Zhang et 
al., 2014) 

China NSCLC 60 118 62 56 1.374 (1.098–
2.979) 

0.021 IHC K-M 

(W. Zhao et 
al., 2013) 

China Gastric Cancer 55 14 129 143 8.146 (3.490–
19.015) 

< 0.001 IHC Reported 

(J et al., 2014) China Gastric Cancer 60 14 75 89 1.162 (0.936–
1.469)  

0.045 IHC K-M 

(Ding et al., 
2014) 

China TSCC 140 18 32 50 1.71 (1.016–2.878) 0.044 IHC Reported 

(Gao et al., 
2014) 

China CRC 60 58 136 194 1.596 (1.002–
2.544) 

0.026 IHC K-M 

(Goto et al., 
2014) 

Japan OSCC 60 43 35 78 1.074 (0.998–
1.219) 

0.01 IHC K-M 

(Hao et al., 
2014) 

Canada NPC 120 NM NM 137 2.21 
(1.11–
4.38) 

0.025 AQUA 
of TMA 

Reported 

(X.-Y. Huang 
et al., 2014) 

China Cholangiocarcinoma 120 78 62 140 1.081 (0.9274–
1.397) 

0.0385 IHC K-M 

(Kong et al., 
2014) 

China NSCLC 60 17 51 68 2.596 (1.386–
4.864) 

0.003 IHC of 
TMA 

Reported 

(Sas-
Korczynska et 
al., 2014) 

Poland Breast Cancer 302 2 26 28 2.710 (1. 293–
3.613) 

0.034 IHC K-M 
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(Z.-G. Shi et 
al., 2015) 

China RCC 36 51 14 65 1.093 (0.493–
2.421) 

0.049 IHC K-M 

(Xiao, Liu, 
Fang, et al., 
2015) 

China HCC >60  59 47 106 1.38 (0.58–2.24) 0.084 1.59 
(0.73–
2.41) 

0.042 IHC Reported 

(Yamazaki et 
al., 2014) 

Japan PDAC 100 44 69 113 2.833 (1.637–
4.926) 

<0.001 IHC Reported 

(Zhai et al., 
2014) 

China HCC 60 32 81 113 2.025 (1.184–
3.466) 

0.01 IHC Reported 

(J. Zhao et al., 
2014) 

China Bladder Cancer 180 30 91 121 0.278 (0.152–
0.510) 

0.001 IHC Reported 

(Che et al., 
2015) 

China Lung Cancer >70  22 81 103 1.918 (1.107–
3.324) 

0.02 IHC Reported 

(Dmello et al., 
2016) 

India OSCC 200 47 23 70 5.834 (1.954–
17.417) 

0.002 IHC K-M 

(Y. Liu et al., 
2015) 

China LSCC 60 68 20 88 1.769 (0.948–
3.316) 

0.0376 IHC K-M 

(H. 
Nakashima et 
al., 2015) 

Japan Lung Cancer 123,8 89 12 101 2.72 (1.23–6.52) 0.012 1.72 
(1.00–
2.99) 

0.047 IHC Reported 

(Patel et al., 
2015) 

India Breast Cancer 96 71 12 83 4.54 (1.74–11.84) 0.002 3.93 
(1.88–
8.22) 

0.001 IHC Reported 

(Sowa et al., 
2015) 

Japan Lung Cancer 129 50 189 239 1. 131 (1.064–
1.26) 

0.036 IHC K-M 

(Tanaka et al., 
2015) 

Japan ESCC >60  49 90 139 2.008 (1.191–
3.384) 

0.009 IHC Reported 

(Terashita et 
al., 2016) 

Japan Cholangiocarcinoma 170 44 58 102 1.117 (0.597–
2.090) 

0.049 IHC Reported 

(Xia et al., 
2015) 

China NPC 93 78 46 124 3.364 (1.287–
8.793) 

0.013 IHC Reported 

(Xiao, Liu, Lu, 
et al., 2015) 

China CRC 81 59 46 105 2.038 (1.142–
3.795) 

0.01 IHC Reported 

(D. Zhou et 
al., 2016) 

China Breast Cancer 60 58 61 119 1.974 (1.032–
3.462)  

0.029 2.35 
(0.994–
3.826) 

0.007 IHC K-M 

(Dong et al., 
2016) 

China HCC 110 187 187 374 1.40 (1.05–1.87) 0.021 1.58 
(1.18–
2.13) 

0.002 IHC Reported 

(Hu et al., 
2016) 

China OSCC 91 32 39 71 1.342 (0.829–
1.873) 

0.032 IHC K-M 

(Z. Huang et 
al., 2016) 

China Colon Cancer 50 55 62 117 1.213 (0.483–
3.047) 

0.045 IHC K-M 

(Ingels et al., 
2017) 

Netherlands RCC 91,8 39 104 143 1.026 (1.002–
1.051) 

0.032 1.035 
(1.009–
1.062) 

0.007 1.05 (1.015-
1.087) 

0.005 IHC Reported 

(S. Liu et al., 
2016) 

China OSCC 100 NM NM 85 1.082 (0.639–
1.832) 

0.048 IHC K-M 

(Tadokoro et 
al., 2016) 

Japan NSCLC 60 40 68 108 3.86 (1.67–8.89) 0.0015 IHC Reported 

(W. Zhao et 
al., 2016) 

China Cervical Cancer 120 36 92 128 2.129 (1.077–
4.207) 

0.03 IHC Reported 
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(J. Zhao et al., 
2018) 

China Glioblastoma 24 121 58 179 1.122 (0.967–
1.483) 

0.042 1.35 
(0.894–
1.926) 

0.037 IHC K-M 

(Y. Zhou et al., 
2016) 

China NSCLC 95 94 59 153 1.776 (1.209–
2.579) 

0.003 IHC Reported 

(Zuo et al., 
2016) 

China Larynx Cancer 60 47 10 57 1.244 (0.995–
2.612) 

0.0265 IHC K-M 

(D. Chen et 
al., 2018) 

China Gastric Cancer 72 57 45 102 1.189 (0.831–
1.703) 

0.043 IHC K-M 

(Choi et al., 
2017) 

South 
Korea 

CRC 100 72 214 286 1.112 (1.0286–
1.924) 

0.0432 IHC K-M 

(Giró-Perafita 
et al., 2017) 

Spain Breast Cancer >60 40 24 64 0.33 
(0.11–
1.00) 

0.05 IHC Reported 

(J. Li et al., 
2019) 

China NSCLC 60 76 58 134 7.292 (1.106–
12.701) 

<0.001 IHC Reported 

(J. Lin et al., 
2017) 

China Cervical Cancer 89 35 95 130 8.386 (1.475–
47.66) 

0.012 11.213 
(1.67–
41.774) 

0.003 IHC Reported 

(L.-G. Liu et 
al., 2017) 

China CRC 80 144 59 203 2.028 (1.021–
4.029) 

0.043 2.032 
(1.106–
3.734) 

0.022 IHC Reported 

(P.-F. Liu et 
al., 2017) 

Taiwan TSCC 236 68 180 248 1.54 
(1.01–
2.34) 

0.045 1.90 (1.26-
2.87) 

0.002 IHC Reported 

(Ni et al., 
2017) 

China Prostate Cancer >60  107 38 145 1.57 (1.017–2.509) 0.013 IHC K-M 

(Tsoukalas et 
al., 2017) 

Greece NSCLC 120 39 73 112 1.13 (0.78–1.65) 0.026 IHC of 
TMA 

Reported 

(W. Wang et 
al., 2018) 

China NPC >80  39 31 70 2.576 (1.437–
4.620) 

0.001 1.572 
(0.967–
2.556) 

0.038 IHC K-M 

(H. Wang et 
al., 2017) 

China Breast Cancer 76 64 81 145 4.15 
(1.53–
11.28) 

0.005 IHC Reported 

(Yamanaka et 
al., 2018) 

Japan HCC >72 12 74 86 Statistically not 
significant 

0.108 1.167 
(0.706–
1.487) 

0.015 IHC K-M 

(Yang et al., 
2017) 

China NSCLC 180 112 74 186 1.252 (0.886–
2.479) 

0.02 1.305 
(0.84–
2.436) 

0.017 IHC K-M 

(Aruga et al., 
2018) 

Japan Lung Cancer >60  42 61 103 1.868 (1.071–
3.260) 

0.028 IHC Reported 

(Kato et al., 
2018) 

Japan OSCC 60 17 52 69 2.381 (0.784 – 
7.230) 

0.0261 IHC Reported 

(Ke et al., 
2019) 

China Gastric Cancer 95 62 105 167 2.110 (1.360–
3.274) 

<0.001 IHC Reported 

(D. Li et al., 
2018) 

China NSCLC 60 132 132 264 1.920 (1.306–
2.822) 

<0.001 2.338 
(1.750–
3.124) 

<0.001 IHC Reported 

(H. Lin et al., 
2018) 

China RCC 60 97 40 137 1.083 (0.993–
1.891) 

0.0376 IHC K-M 
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(Sato et al., 
2018) 

Japan ESCC 60 46 72 118 2.1704 (1.327–
3.550) 

<0.001 IHC Reported 

(Song et al., 
2018) 

China NSCLC 84 67 131 198 1.121 (1.028–
1.549) 

0.022 IHC K-M 

(J.-Y. Wang et 
al., 2018) 

China Gastric Cancer 71 78 32 110 1.707 (1.033–
2.819) 

0.037 IHC Reported 

(Yin, Chen, 
Ye, et al., 
2018) 

China Gastric Cancer 96 28 122 150 0.481 (0.274–
0.843) 

0.011 IHC Reported 

(Y. Zhang et 
al., 2018) 

China Gallbladder Cancer 66 17 88 105 2.934 (1.061–
8.117) 

0.038 IHC Reported 

(W. Zhao et 
al., 2019) 

China Gastric Cancer 120 198 50 248 2.167 (1.151–
4.079) 

0.017 IHC Reported 

(L. Chen et al., 
2019) 

China Hepatoblastoma 73 13 34 47 2.347 (0.903–
3.924) 

0.0094 IHC K-M 

(Gong et al., 
2019) 

China PDAC 60 27 33 60 4.936 (1.133–
8.316) 

0.004 IHC Reported 

(Imai et al., 
2019) 

Japan Pancreatic Cancer >60 8 28 36 1.1808 (0.971–
2.183) 

0.0433 IHC K-M 

(Karamagkiola
s et al., 2019) 

Greece LSCC 120 46 23 69 3.59 (1.36–9.48) 0.01 2.2 
(1.04–
4.67) 

0.039 IHC Reported 

(S. Liu et al., 
2019) 

China Breast Cancer 162 68 72 140 1.095 (0.891–
2.445) 

0.0472 IHC K-M 

(L. Liu et al., 
2019) 

China Ovarian cancer 50 26 13 39 2.161 (1.178–
5.334) 

0.0317 1.974 
(1.147–
5.053) 

0.0434 IHC Reported 

(Maehira et 
al., 2019) 

Japan PDAC 103,9 24 43 67 2.305 (1.181–
4.497) 

0.014 IHC Reported 

(Qin et al., 
2019) 

China HCC 60 33 47 80 1.123 (1.066–
1.922) 

0.0485 IHC K-M 

(C. Shi et al., 
2019) 

China NSCLC 60 87 64 151 5.82 (3.644–9.295) <0.001 IHC Reported 

(M. Wang et 
al., 2019) 

USA PDAC 205 14 106 120 2.55 (1.33–4.89) 0.01 2.50 
(1.31–
4.78) 

0.016 IHC Reported 

(Wangmo et 
al., 2020) 

China OSCC 60 87 113 200 1.64 (1.12-
2.41) 

0.011 IHC of 
TMA 

Reported 

(H. Zhang et 
al., 2019) 

China Gastric Cancer 80 59 31 90 1.153 (0.790–
1.682) 

0.046 TMA K-M 

(Al-Maghrabi, 
2020) 

Saudi 
Arabia 

CRC >150 35 167 202 1.392 (0.861–
1.646) 

0.042 1.411 
(0.846–
1.624) 

0.031 IHC K-M 

(Lobo et al., 
2020) 

Portugal Bladder Cancer >150 NM NM 51 3.541 
(1.402–
8.943) 

0.005 IHC Reported 

(Y. Tian et al., 
2020) 

China Cervical Cancer 100 113 90 203 2.226 (1.387–
3.573) 

0.001 IHC Reported 

(H. Wang et 
al., 2020) 

China Gastric Cancer 96 37 70 107 3.337 (1.826–
6.095) 

<0.001 IHC Reported 

(Yao et al., 
2020) 

China RCC 111 124 107 231 1.697 (1.067–
2.699) 

0.026 IHC Reported 
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(Che et al., 
2021) 

China Lung Cancer 80 21 77 98 1.850 (1.050–
3.258) 

0.033 IHC Reported 

(H. Cheng et 
al., 2021) 

China NPC 72 88 40 128 0.432 (0.169–
0.988) 

0.047 0.407 
(0.189–
0.878) 

0.022 0.38 
(0.168–
0.859) 

0.02 IHC Reported 

(C. Li & Ma, 
2022) 

China ESCC >100 116 69 185 1.51 (1.06–2.13) 0.022 IHC Reported 

(X. Zhang et 
al., 2022) 

China Endometrial Cancer 123 262 47 309 0.243 (0.116–
0.512) 

<0.001 IHC Reported 

Abbreviations: OS, overall survival; DSS, disease specific survival; RFS, recurrence-free survival; DFS, disease-free survival; 

MFS, metastasis-free survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; qRT-PCR, quantitative 

reverse transcription polymerase chain reaction; TMA, tissue microarray analysis; IHC, immunohistochemistry; AQUA, 

automated quantitative immunohistochemistry; NM, not mentioned; K-M, Kaplan-Meier plot; RCC, renal cell carcinoma; CRC, 

colorectal cancer; PDAC, pancreatic ductal adenocarcinoma; SqCC or SCC, squamous cell carcinoma; TSCC, thymic squamous 

cell carcinoma; ESCC, esophageal squamous cell carcinoma; HCC, hepatocellular carcinoma; LSCC, laryngeal squamous cell 

carcinoma; HNSCC, head and neck squamous cell carcinoma; NSCLC, non-small cell lung cancer; NPC, nasopharyngeal 

carcinoma; and OSCC, oral squamous cell carcinoma. 
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4.2. Impact of Elevated Vimentin Expression on Survival Outcomes in Cancer 

A total of 103 studies were analyzed for overall survival (OS), revealing a 

statistically significant association between elevated vimentin expression and poor OS 

(common-effect inverse-variance model: pooled HR = 1.036; 95% CI: 1.015–1.058; p 

= 0.000), accompanied by moderately high heterogeneity (I² = 73.4%; Ph = 0.000) 

(Figure 5a).  

4.3. Elevated Vimentin Expression Correlates with Cancer Recurrence and 

Progression 

To examine the link between vimentin expression and cancer recurrence or 

relapse, studies on recurrence-free survival (RFS) and disease-free survival (DFS) 

were combined, encompassing a total of 25 studies. The analysis revealed that 

increased vimentin expression is significantly associated with cancer recurrence 

(pooled HR = 1.041; 95% CI: 1.015–1.067; p = 0.000), with a similar level of 

heterogeneity (I² = 73.6%; Ph = 0.000) (Figure 5b). Four studies focused on 

metastasis-free survival (MFS) and progression-free survival (PFS) showed a 

statistically significant relationship between increased vimentin expression and 

adverse MFS and PFS outcomes (common-effect inverse-variance model: pooled HR 

= 1.070; 95% CI: 0.440–1.700; p = 0.001), with heterogeneity reaching a moderately 

high level (I² = 78.4%; Ph = 0.003) (Figure 5c). Lastly, eight studies assessing disease-

specific survival (DSS) identified a statistically significant correlation between elevated 

vimentin expression and poorer DSS (common-effect inverse-variance model: pooled 

HR = 1.055; 95% CI: 1.019–1.091; p = 0.000), with moderate heterogeneity (I² = 

51.0%; Ph = 0.047) (Figure 5d). 

4.4. Subgroup Analyses of Vimentin Overexpression and Survival Outcomes 

Across Cancer Types, Geographic Regions, and Socioeconomic Factors 

Subgroup analyses were performed based on the types of cancer by primary 

anatomical site, the endocrine gland neoplasms, the types of squamous cell 

carcinoma, the data extraction method, the income of the country where healthcare is 
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provided and the geography (Figure 6). When the studies were classified based on 

major cancer types (according to NCBI’s medical subject headings (MeSH) (NCBI 

Resource Coordinators, 2016) (https://www.ncbi.nlm.nih.gov/mesh/), a significant 

association was found between vimentin overexpression and poorer OS in solid 

cancers, such as breast neoplasms (common-effect inverse-variance model: pooled 

HR = 1.997; 95% CI: 1.538–2.455; p = 0.000), muscular system neoplasms where the 

worst association was detected (common-effect inverse-variance model: pooled HR = 

5.836; 95% CI: -0.447–12.118; p = 0.069), digestive system neoplasms (common-

effect inverse-variance model: pooled HR = 1.175; 95% CI: 1.100–1.250; p = 0.000), 

head and neck neoplasms (common-effect inverse-variance model: pooled HR = 

1.058; 95% CI: 0.962-1.153; p = 0.000), nervous system neoplasms (common-effect 

inverse-variance model: pooled HR = 1.155; 95% CI: 0.914–1.396; p = 0.000), 

respiratory system neoplasms (common-effect inverse-variance model: pooled HR = 

1.187; 95% CI: 1.102–1.273; p = 0.000) and urogenital system neoplasms (common-

effect inverse-variance model: pooled HR = 1.005; 95% CI: 0.981–1.029; p = 0.000).  

Notably, the heterogeneity was significantly reduced within individual cancer 

types (Figure 6a). Interestingly, in the subgroup analysis based on the host country’s 

income, a statistically significant worse OS was observed for the lower-middle income 

subgroup (common-effect inverse-variance model: pooled HR = 2.195; 95% CI: 0.955–

3.436; p = 0.001) than the high (common-effect inverse-variance model: pooled HR = 

1.045; 95% CI: 1.022–1.067; p = 0.000) and upper-middle (common-effect inverse-

variance model: pooled HR = 0.960; 95% CI: 0.894–1.027; p = 0.000) subgroups 

(Figure 6b).  

In the subgroup analysis based on geography, the survival rates, which are all 

statistically significant, are listed from worst to best in North America (common-effect 

inverse-variance model: pooled HR = 1.629; 95% CI: 1.199–2.059; p = 0.000), the 

Middle East (common-effect inverse-variance model: pooled HR = 1.478; 95% CI: 

1.114–1.842; p = 0.000), Asia (common-effect inverse-variance model: pooled HR = 

1.050; 95% CI: 1.005–1.095; p = 0.000) and Europe (common-effect inverse-variance 

model: pooled HR = 1.028; 95% CI: 1.004–1.053; p = 0.000) (Figure 7a).  

Another subgroup analysis was made by comparing studies based on the data 

extraction method, in which HR data was reported, and the studies where HR data was 
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extracted from the Kaplan–Meier curves (Figure 7b). In a stratified analysis based on 

the data extraction method, vimentin demonstrated significant prognostic value 

regardless of the data source. The hazard ratio (HR) reported in the articles (common-

effect inverse-variance model: combined HR = 1.011; 95% CI: 0.987–1.034; p = 0.000) 

and extracted from the survival curves (common-effect inverse-variance model: 

combined HR = 1.036; 95% CI: 1.015–1.058; p = 0.000) consistently showed 

significant results (Figure 7b). 

 Forest plots of combined analyses for overall survival (OS) associated with 

vimentin expression in different squamous cell carcinoma and endocrine-related 

cancer groups are shown respectively in Figure 8a and Figure 8b. In the SCC 

subgroup analysis, vimentin overexpression showed a statistically significant 

correlation with poor survival (common-effect inverse-variance model: pooled HR = 

1.126; 95% CI: 1.033–1.219; p = 0.000). Among the SCC types, HNSCC is ostensibly 

the cancer type with the highest HR in this subgroup analysis (common-effect inverse-

variance model: pooled HR = 3.071; 95% CI: 1.344–7.021; p = 0.034). In the 

endocrine-related cancers subgroup a statistically significant relationship between 

elevated vimentin expression and poor OS (common-effect inverse-variance model: 

pooled HR = 1.013; 95% CI: 0.990–1.037; p = 0.000) was also found. 
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Figure 5. Forest plots of the combined analyses on the association between survival 
and vimentin expression. Forest plot for (a) overall survival (OS) analysis, (b) 
recurrence-free survival (RFS) and disease-free survival (DFS) analysis, (c) 
metastasis-free survival (MFS) and progression-free survival (PFS) analysis, and (d) 
disease-specific survival analysis (DSS). 
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 a)  b) 

Figure 6. Forest plots of combined analyses for overall survival (OS) associated with 

vimentin expression in the subgroup based on (a) different types of cancers, and (b) 

the host country’s income.
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a)  b) 

Figure 7. Forest plots of combined analyses for overall survival (OS) associated with 
vimentin expression in the subgroup based on (a) geography, and (b) different data 
extraction methods. 
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a)   b) 

Figure 8. Forest plots of combined analyses for overall survival (OS) associated with 
vimentin expression in the subgroup of (a) squamous cell carcinomas (SSC) and (b) 
endocrine-related cancers. 
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4.5. Publication Bias 

Publication bias was detected by Begg’s funnel plot and Egger’s test. The 

Begg’s funnel plot of OS (Figure 9a), DFS/RFS (Figure 9b), and DSS (Figure 9d) 

were asymmetric and the p value of Egger’s test were less than 0.05 (p = 0.000, p = 

0.001, p = 0.003 respectively), indicating potential bias. However, there was no clear 

evidence of potential bias based on Begg’s funnel plot of MFS/PFS (Figure 9c). 

Additionally, the p value of Egger’s test was greater than 0.05, indicating no potential 

bias for MFS/PFS (p = 0.159). 

Figure 9. Begg’s funnel plots illustrating publication bias. Begg’s funnel plot for (a) 
overall survival (OS), (b) recurrence-free survival (RFS) and disease-free survival 
(DFS), (c) disease-specific survival (DSS), (d) metastasis-free survival (MFS) and 
progression-free survival (PFS).Each dot represents an individual study. 

a)       b) 

c)  d) 
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4.6. Sensitivity Analysis 

Sensitivity analyses showed that the results remained consistent regardless of the 

inclusion of any individual study (Figure 10). In other words, no single study had an 

impact on the pooled HR or 95% CI. 

a)
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Figure 10. Sensitivity analysis of each eligible study. (a) OS individual studies, (b) 

MFS/PFS individual studies, (c) DSS individual and (d) DFS/RFS. 

d) 

b) 

c)
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5. DISCUSSION

As a major component of intermediate filaments within the cytoskeleton, 

vimentin is widely expressed in mesenchymal-origin cells, such as fibroblasts, 

endothelial cells, smooth muscle cells, leukocytes, and several other cell types and 

plays a crucial role in maintaining cell shape and providing resistance against 

mechanical stress (Santos et al., 2008). In addition, vimentin expression was found in 

the CRC (colorectal cancer) tumour stroma, which was suggested to be useful in 

identifying CRC patients with a poor prognosis (Ngan et al., 2007). Otsuki et al. 

reported that vimentin mRNA expression was associated with recurrence or distant 

metastasis and poor survival in gastric cancer; however, immunohistochemical 

detection of vimentin expression was limited to the cancer stroma (Otsuki et al., 2011). 

The intricate role of the vimentin molecule extends beyond its structural 

contributions to cellular integrity, resonating profoundly in the landscape of cancer 

biology. In a myriad of cancer types, upregulation of vimentin represents a common 

denominator, marking a critical turning point in disease progression. 

Numerous studies suggest that the presence of increased levels of vimentin in 

various cancer tissues can serve as a prognostic marker. High vimentin expression 

has been associated with poor clinical outcomes, including reduced survival rates and 

increased likelihood of metastasis. Zhao et al. conducted a study indicating that 

vimentin holds the potential to function as an independent predictor for both the 

progression and survival of bladder cancer (Zhao et al., 2014). In the context of breast 

cancer, Patel et al. and Zhou et al. found that vimentin expression serves as a robust 

indicator of biologically aggressive tumors, predicting decreased disease-free survival 

(DFS) and overall survival (OS) (Patel et al., 2015; D. Zhou et al., 2016). A multivariate 

analysis by Lin and colleagues further supports vimentin's role as an independent 

marker for survival among cervical cancer patients (Lin et al., 2017). Additionally, the 

expression of vimentin in tumors has been demonstrated to offer valuable prognostic 

insights for individuals diagnosed with localized renal cell carcinoma (Sabo et al., 

1997). 

Liu and coworkers identified vimentin as a promising prognosis marker for 

metastatic OSCC. It was found that upregulated vimentin is among the most 
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differentially expressed genes in metastatic versus non-metastatic OSCC cells. They 

revealed that the knockdown of vimentin expression resulted in suppressed migration 

and invasion activities of HN12 cells, and higher vimentin expression was associated 

with lymph node metastasis and poor prognosis in clinical OSCC sample analysis. 

Therefore, high vimentin expression could serve as a risk marker for predicting cervical 

lymph node metastasis and poor prognosis (Liu et al., 2016).  

Vimentin is a well-researched molecule in urogenital system neoplasms, where 

elevated levels of vimentin are suggested as potential independent predictors for 

cancer prognosis (Cheng et al., 2012; Shi et al., 2015; Zhao et al., 2014). It is widely 

recognized that renal sarcoma and sarcomatoid variants of RCC, which are associated 

with poor prognosis, exhibit expression of the mesenchymal intermediate filament 

vimentin, as demonstrated by IHC staining (Sella et al., 1987). Sabo and colleagues 

demonstrated that univariate analysis of patient survival and tumor recurrence 

revealed a statistically significant link between vimentin-positive tumors and 

unfavorable patient outcomes. The study also reported that combining tumor vimentin 

expression with histological grade offered a more accurate prediction of prognosis and 

was identified as the most reliable independent prognostic factor for survival in 

multivariate analysis (Sabo et al., 1997). In another study, Donhuijsen and Schulz 

indicated that tumors positive for vimentin had a higher progression rate compared to 

vimentin-negative tumors in a cohort of 93 RCC patients (Donhuijsen & Schulz, 1989). 

In a study by Moch et al, over 300 RCC cases with clinical follow-up data were 

examined using a tumor array. The findings not only reinforced the prognostic 

significance of vimentin expression in RCC, but also indicated through multivariate 

statistical analysis that vimentin may serve as an independent prognostic marker in 

clear cell RCC (Moch et al., 1999). 

Moreover, studies on bladder cancer (BCa) have consistently shown that 

mesenchymal features correlate significantly with a higher likelihood of disease 

recurrence, metastatic spread, tumor progression, and poorer prognosis, including 

reduced survival and resistance to treatment (Liu et al., 2015; McConkey et al., 2009; 

Zhao et al., 2014). Lobo et al. found that both vimentin mRNA and protein expression 

levels were significantly higher in muscle-invasive bladder cancer (MIBC) compared to 

non-muscle-invasive bladder cancer (NMIBC), indicating an association of vimentin 
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with advanced stages of cancer. In the study, the increased expression of vimentin 

protein in more aggressive tumor samples underscores the influence of EMT in 

acquiring a more aggressive cancer phenotype. Importantly, translating these findings 

to patient outcomes, they observed that NMIBC patients with higher vimentin 

expression had shorter DFS (Lobo et al., 2020). 

Moreover, vimentin plays a role in cell cycle regulation and adhesion, 

highlighting its significance in cancer development and progression. Intriguingly, 

vimentin has been found to form a complex with TP53 in the cytoplasm, suppressing 

TP53 from translocating to the nucleus and inhibiting TP53’s apoptosis-promoting 

function; this indicates that TP53 is also important in the EMT pathway. Lin and 

colleagues demonstrated that the expression of vimentin, TP53, and podoplanin are 

linked to the survival rates of cervical cancer patients, suggesting these proteins as 

potential biomarkers for diagnosing and treating cervical cancer. The study also 

showed that vimentin could be an independent prognostic marker for cervical cancer 

patients undergoing primary surgery (Lin et al., 2017). 

Vimentin serves not only as a scaffolding protein but also mediates various 

signaling pathways and cellular processes (Satelli & Li, 2011). Perlson et al. 

demonstrated that vimentin interacts with phosphorylated Erk (pErk), a MAP kinase, 

and protects it from dephosphorylation. The study reports that pErk binds to the second 

coiled-coil domain of vimentin in a calcium-dependent manner. As a result, vimentin 

stabilizes pErk by shielding it from dephosphorylation through calcium-dependent 

steric hindrance, thus facilitating the long-distance transport of phosphorylated Erk 

within the cell (Perlson et al., 2006). On the other hand, phosphorylated vimentin has 

been shown to interact with the 14-3-3 protein, preventing the assembly of Raf-14-3-3 

and similar complexes. This suggests that vimentin regulates 14-3-3 complexes and 

controls various intracellular signaling and cell cycle pathways by modulating the 

availability of 14-3-3 (Tzivion et al., 2000). Zhu and colleagues  also found that AKT1 

kinase binds to phosphorylated vimentin, shielding it from caspase-induced 

proteolysis. This binding results in enhanced cell motility and invasion in soft-tissue 

sarcoma cells (Zhu et al., 2011). 

In this study, we performed an updated and comprehensive meta-analysis on 

the prognostic significance of vimentin in various human cancers. By implementing a 
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strict inclusion and exclusion criteria, we included 115 eligible studies, a sufficiently 

large number for a robust meta-analysis. Previous meta-analyses on the association 

of vimentin with clinical outcomes included far less studies encompassing much less 

patients. Also these studies have concentrated on specific cancer types such as gastric 

cancer (Yin, Chen, & Yang, 2018), colorectal cancer (Du et al., 2018) and 

nasopharyngeal carcinoma (Lu et al., 2019).  

We also demonstrated that elevated vimentin expression is correlated with poor 

overall survival (OS), disease-free survival (DFS) or recurrence-free survival (RFS), 

metastasis-free survival (MFS) or progression-free survival (PFS), and disease-

specific survival (DSS). In the subgroup analysis based on cancer type, vimentin was 

found to be a significant predictor of worse prognosis for various cancers, including 

solid neoplasms such as those in the breast, nervous system, urogenital system, head 

and neck, muscular system, digestive system, and respiratory system. Additionally, we 

elaborated on the meta-analysis findings and further supported our hypotheses by 

analyzing survival information from other cancer types. Specifically, we examined 

subgroups of squamous cell carcinomas and endocrine-related cancers. There was a 

strong relationship between vimentin overexpression and poor overall survival (OS) in 

cancers such as esophageal squamous cell carcinoma (ESCC), head and neck 

squamous cell carcinoma (HNSCC), laryngeal squamous cell carcinoma (LSCC), oral 

squamous cell carcinoma (OSCC), and tongue squamous cell carcinoma (TSCC) from 

the squamous cell carcinoma subgroup, as well as breast cancer, hepatocellular 

carcinoma (HCC), pancreatic cancer, and urogenital cancers from the endocrine-

related cancers subgroup.  

Interestingly, in the subgroup analysis based on the income level of the country 

where healthcare is provided, a statistically significant worse overall survival (OS) was 

observed in the lower-middle income subgroup compared to the high and upper-middle 

income subgroups. In the subgroup analysis of data extraction methods, where we 

compared studies that reported hazard ratios (HR) with those that only included 

Kaplan-Meier (KM) curves, vimentin demonstrated significant prognostic value 

regardless of the data source.
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6. CONCLUSION AND FUTURE ASPECTS

This study highlights the significant prognostic value of vimentin across various 

cancers. Through a comprehensive meta-analysis of 115 studies, we have 

demonstrated that elevated vimentin expression is consistently associated with poor 

overall survival (OS), disease-free survival (DFS), recurrence-free survival (RFS), 

metastasis-free survival (MFS), progression-free survival (PFS), and disease-specific 

survival (DSS). The association is particularly pronounced in solid tumors, including 

those in the breast, nervous system, urogenital system, head and neck, muscular 

system, digestive system, and respiratory system. Additionally, vimentin was identified 

as a critical predictor of poor prognosis in specific cancer subtypes, such as squamous 

cell carcinomas and endocrine-related cancers. The consistency of vimentin's 

prognostic significance across diverse cancer types underscores its potential as a 

robust biomarker in clinical oncology. 

Future research should delve deeper into the molecular mechanisms by which 

vimentin contributes to cancer progression and metastasis. Understanding these 

mechanisms could pave the way for developing targeted therapies aimed at mitigating 

vimentin's impact on tumor aggressiveness. Additionally, further studies are needed to 

validate vimentin as a therapeutic target, exploring the potential for vimentin inhibitors 

to improve clinical outcomes for patients with high vimentin-expressing tumors. Lastly, 

the integration of vimentin expression analysis into personalized treatment strategies 

could enhance the precision of cancer care, tailoring interventions to improve survival 

rates for patients across a spectrum of malignancies. 
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