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Prognostic Value of TGF-β in Bladder Cancer

Kianmehr et al.

REVIEW
Uro-oncology

Prognostic Value of TGF-β Expression in Bladder 
Cancer: A Systematic Review and Meta-analysis

ABSTRACT

Objective: Transforming growth factor beta (TGF-β) is a member of the growth factor 
superfamily that clinical studies address its association with bladder cancer invasion, 
progression, and metastasis. The present systematic review and meta-analysis aimed 
to explore the prognostic significance of TGF-β expression in bladder cancer patients.

Materials and Methods: The major international databases, including PubMed, Web of 
Science, Embase, and Scopus, were searched for full-text literature citations. The hazard 
ratio (HR) with a 95% CI as the effect size was applied as the appropriate summarized 
statistic. We used a random-effects model using the DerSimonian and Laird method to 
estimate the pooled effect size. To assess the heterogeneity among trials, the I-square 
(I2) statistic and Cochran’s Q test were used. Forest and funnel plots were drawn to 
respectively demonstrate the findings and detect any existing publication bias.

Results: This meta-analysis included 3 studies that met the criteria and included 
535 patients. The combined HR for the selected studies was 2.250 (95% CI = (1.411, 
3.586), P < .001) and no significant heterogeneity was detected between trials (I2 = 58.63, 
P = .089). Furthermore, no severe asymmetry was seen within the funnel plot, indicat-
ing a lack of potential publication bias.

Conclusion: Our findings suggest that TGF-β expression can remarkably predict a 
worse prognosis in patients with bladder cancer. The results of the present meta-anal-
ysis may be validated through further updated reviews and additional relevant inves-
tigations in future studies.
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Introduction

Bladder cancer is a prominent contributor to cancer-related mortality on a global scale.1 It 
ranks as the second most prevalent malignancy of the urinary tract worldwide and the tenth 
most prevalent cancer globally.2 The classification of bladder cancer is based on the degree 
of tumor infiltration into the bladder wall, resulting in 2 primary groups. The first one is non-
muscular invasive bladder cancer (NMIBC), which occurs in the inner lining of the bladder, 
and the second one is muscle-invasive bladder cancer (MIBC), which penetrates the deeper 
layers of the bladder wall and may also involve nearby lymph nodes and other organs.3,4 Non-
muscular invasive bladder cancers are the predominant form of bladder cancer, representing 
around 70% of all diagnosed cases. The remaining 30% of bladder cancers are classified as 
MIBCs.5,6 Small cell carcinoma, adenocarcinoma, and squamous cell carcinoma are the other 
less prevalent forms of bladder cancer.5,7

Non-muscular invasive bladder cancer patients have a 5-year survival rate of >90% but a 
recurrence risk of over 50%. Moreover, most patients undergo multiple therapies and cysto-
scopic surveillance, which lowers their quality of life8,9 This highlights the need to investigate 
novel indicators for predicting the outcome of cancer, selecting appropriate treatments, and 
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managing patients. In this context, there are recently identified mark-
ers in the body fluids of humans that are pivotal in both the progno-
sis and diagnosis of cancer. For example, tumorigenic nucleic acids 
present in body fluids have the potential to function as noninvasive 
biomarkers, which would be especially beneficial in the context of 
early cancer detection, patient follow-up, and individualized treat-
ment.8 According to a study by Su et al, circRIP2 promotes the pro-
gression of bladder cancer via the Tgf-2/smad3 signaling pathway.10

Transforming growth factor beta, a member of the superfamily of 
cytokines, has been shown to play multiple roles in physiopatho-
logical processes, including organ formation, embryonic develop-
ment, tissue repair, homeostasis, tumor invasion, immune escape, 
metastasis, and therapeutic resistance.11 Owing to the role of TGF-
β signaling in cancer development, any carcinogenic factors that 
activate TGF-β signaling can potentially induce tumor initiation, 
tumor metastasis and colonization, immune escape, and resistance 
to therapeutic medicine through various ways, including tumor 
cell epithelial-mesenchymal transition (EMT) induction, transfor-
mation of normal fibroblasts (NFs) into Cancer-associated fibro-
blasts (CAFs), and extracellular matrix (ECM) reconstruction.12,13 
Lately, TGF-β has gained attention for its metabolic effect. In this 
regard, researchers have demonstrated that TGF-β can be a host 
and tumor metabolic reprogramming cytokine.14,15 Secretion of 
TGF-β by many tumor cells is shown to be associated with tumor 
growth and development as well as cancer immunity. During the 
canonical TGF-β signaling pathway, SMAD (Suppressor of Mothers 
Against Decapentaplegic) can control tumor growth, metastasis, 
and immune regulation.16 Intense clinical investigations revealed 
that TGF-β is overexpressed in various cancers, including malignant 
melanoma, bladder,17 colon,18 breast,19 esophagus,20 liver,21 stom-
ach,22 lung,23 pancreas,24 kidney,25 and brain.26 Recent evidence has 
demonstrated that the TGF-β gene and protein are significantly 
overexpressed in bladder cancer27 and it is associated with inva-
sive tumor stage, high grade, increased risk of tumor progression, 
and death from bladder carcinoma.28 As mentioned earlier, tumor 
cells up-regulate TGF-β expression to stimulate EMT, angiogenesis, 
and immunosuppression.29 Epithelial-mesenchymal transition is a 
crucial mechanism underlying bladder cancer invasion and metas-
tasis.12 In addition to the essential role of the EMT process in the 
epithelial cancer cells acquiring migratory and invasive capabilities, 
the crosstalk with the tumor microenvironment (TME), including 
cytokines, inflammatory mediators, stromal cells, immune cells, and 
ECM has been shown to play an emerging role in cancer cell inva-
sion and stemness.30,31 The poor prognosis and challenging issues 
in managing patients with bladder cancer and their treatment are 
mainly due to the local invasion and distant metastasis. Considering 
the significance of this marker in cancer, measuring TGF-β appears 
advantageous in advancing treatment objectives, prognosis, and 
management of bladder cancer.

Current bladder cancer diagnosis involves cystoscopy, urine cytology, 
and laboratory and instrumental studies. Cystoscopy is an invasive 
procedure, and void urine cytology has a low sensitivity; therefore, 
it is evident that a more dependable marker with greater prognostic 
value must be developed to enhance cancer treatment and manage-
ment. Therefore, this systematic review and meta-analysis seek to 
determine whether TGF-β can be utilized as a prognostic indicator 
for bladder cancer.

Materials and Methods

Searching Strategy
PubMed, Scopus, Embase, and Web of Science were systematically 
searched from inception to 2023. The keyword terms used included: 
(i) “TGF-β” or “TGF-beta”; (ii) “Urinary bladder neoplasms” or “bladder 
cancer” or “bladder tumor”; (iii) “Prognoses” or “prognosis” or “prog-
nostic factors” or “prognostic value.” Two independent investigators 
performed a manual search of the bibliographies of all relevant arti-
cles. Additionally, the papers were evaluated carefully to avoid dupli-
cation of records.

Inclusion and Exclusion Criteria
The articles containing any of the following were included: TGF-β 
expression in bladder cancer as the main feature of the study, ade-
quate data to assess HR, and case-control studies in overall survival. 
Exclusion criteria were as follows: duplicate data, review articles, 
unrelated or no available data, non-human models, papers without 
HR, and CI.

Data Extraction and Statistical Analysis
The first author’s name, year of publication, number of cases, mean 
age of cases age, follow-up period, and HR were recorded for each 
study. Also, the hazard ratio (HR), as the effect size, with the corre-
sponding 95% CI, was extracted for each trial. Two observers inde-
pendently extracted data of interest. A random-effects model using 
the DerSimonian and Laird method was performed to estimate the 
pooled effect size. To assess the heterogeneity among trials, I2 sta-
tistic and Cochran’s Q test were used. Forest and funnel plots were 
drawn to respectively demonstrate the findings and detect any 
existing publication bias. All analyses were done using Stata soft-
ware (StataCorp. 2021. Stata Statistical Software: Release 17. College 
Station, TX: StataCorp LLC.)

Results

The Selection of Included Studies
Our search strategy identified 280 studies. Of these, 90 duplicate 
articles were excluded by using EndNote software. Afterward, titles 
and abstracts were manually screened, during which 119 irrelevant 
papers were removed, and the remaining ones were selected to 
review full texts. Among them, 68 articles were excluded because 
they were case reports or were not eligible for inclusion in this study. 
Three articles published from their inception until August 2023 were 
ultimately included in the present study15,32,33 (Figure 1).

Study Characteristics
The main features of the 3 studies included in our meta-analysis are 
presented in Table 1. The number of patients was a total of 535, com-
prising 424 men and 111 females. Of these 3 studies, 2 were con-
ducted in the USA and 1 in Serbia. Immunohistochemical analysis 

MAIN POINTS
•	 A total of 535 participants from 3 trials were included in this 

meta-analysis.
•	 No significant heterogeneity was detected between trials.
•	 High expression of TGF-β could be a significant marker in pre-

dicting bladder cancer.
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and ELISA were used as identical methods in these studies. In the 
included studies, the TGF-β1 immunoexpression was deemed high 
when at least 50% of cancer cells showed moderate or strong color 
intensity in immunohistochemistry. Additionally, the cut-off value 
for plasma TGF-β levels of healthy males in ELISA was 5 ng/mL in 
records using the ELISA method. Patients in Stojnev, S. et al's study 
received TURBT ± mitomycin, Intravesical BCG, Cystectomy, and 
Chemo/radiotherapy, although the 2 other studies treated patients 
by radical cystectomy and pelvic lymphadenectomy. The combined 

duration of follow-up for these studies varied between 25 and 125 
months.

Overall Survival Meta-Analysis Results
A total of 535 participants from 3 trials were included in the analy-
sis. The model revealed that high expression of TGF-β was associated 
with a 2.25 times higher risk of mortality compared to low expression 
(HR = 2.250, 95% CI = (1.411, 3.586), P < .001). Moreover, no signifi-
cant heterogeneity was detected between trials (I2 = 58.63, P = .089) 

Figure 1.  Prisma flowchart.

Table 1.  Characteristics of the Studies Included in the Current Systematic Review and Meta-analysis

Author Year Country
Sample 

(n)
PE 
(n)

NE 
(n)

Gender 
(M/F) Methods Stage

Grade 
(Low/High) Treatment

Follw-Up 
(Months)

Sample 
Type

Stojnev, S. 2019 Serbia 404 276 128 312/92 IHC I-II 81/194 TURBT ± mitomycin, Intravesical 
BCG, Cystectomy, Chemo/
radiotherapy

25 to 125 Tissue

Shariat 2001 USA 51 19 32 47/4 ELISA I-IV 7/44 Radical cystectomy and pelvic 
lymphadenectomy

45/7 Serum

Kim 2001 USA 80 51 29 65/15 IHC I-IV 20/60 Radical cystectomy and pelvic 
lymphadenectomy

101/1 Tissue

BCG, Bacille Calmette-Guérin; ELISA, Enzyme-linked immunosorbent assay; IHC, Immunohistochemistry; NE, Negative expression; PE, Positive expression; TURBT, Transure-
thral removal of bladder tumor.
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(Figure 2). Furthermore, no severe asymmetry was seen within the 
funnel plot, indicating no potential publication bias (Figure 3).

Discussion

As far as we are aware, this meta-analysis is the first to assess the 
TGF-β expression prognostic value in patients with bladder cancer, 
although only 3 records have reached the inclusion criteria for this 
meta-analysis. Several studies have reported that TGF-β expression 
is correlated with tumor growth and invasion as well as survival in 
patients with bladder cancer.34,35 Furthermore, it was observed that 
higher expression of TGF-β is associated with more advanced tumor 
stages, lymph node metastasis, and lymphovascular invasion in 
patients.32 Provided information approved that TGF-β may play a 
crucial role in the formation of matrix and favorable conditions for 
occurrence and development of cancer.36-38 In this regard, it is well 
known that TGF-β, as a growth factor, plays a key role in the regu-
lation of extracellular matrix composition in cancers, particularly in 
bladder cancer.39,40 Owing to the pro-oncogenic activity of TGF-β1, it 
can regulate the nuclear localization of the smad2/3-smad4 complex 
as the main inducer of epithelial-mesenchymal transition (EMT) in 
bladder cancer. During tumorigenesis, the induction of the EMT pro-
cess leads to a progressive loss of polarity and adhesions of normal 
cells and gain of invasive and migratory ability, as well as produc-
tion of extracellular matrix components.41,42 During EMT, cancer-
ous cells lose cell-cell adhesion junctions and eventually increase 

cancer stemness, resulting in higher mobility and invasiveness.43 The 
nuclear localization of Hippo pathway transcriptional effectors, Yes-
associated protein (YAP), and TAZ (WW domain containing transcrip-
tion regulator 1, or WWTR1) have also been described to be actively 
regulated with TGF-β1 related signaling pathway.33,44 In this regard, 
the cross-talk between the Hippo pathway and TGF-β1 has been 
addressed in previous studies.45 Moreover, epidemiological stud-
ies using clinical data also suggest that elevated TGF-β1 expression 
may contribute to the progression of NMIBC to MIBC, leading to a 
worse prognosis.35 The prognostic value of TGF-β in bladder cancer 
was evaluated using meta-analysis in the present study. According 
to our findings, the elevated expression of TGF-β was correlated with 
mortality and decreased survival in patients with bladder cancer, and 
it could be concluded that TGF-β might be a potential prognostic 
marker for patients who suffer from bladder cancer.

While our results are promising, there are some constraints in our 
meta-analysis. Although the total number of studies enrolled through 
the initial search of databases was 280 records, the studies that took 
part in the final quantitative data extraction were 3, and therefore the 
number of records included was relatively small. Another limitation of 
our study is that using different antibodies in IHC and ELISA methods in 
the included studies may give rise to bias and a higher amount of het-
erogeneity at the same time. Besides, we could not account for poten-
tial confounders, such as differences in treatment protocols, patient 
characteristics, and comorbid conditions across studies. Therefore, fur-
ther updated meta-analyses with a larger number of included studies 
are necessary to validate the present findings in the future.

Based on the findings of the current systematic review and meta-
analysis, it is apparent that elevated levels of TGF-β expression may 
serve as a substantial prognostic indicator for patients diagnosed 
with bladder cancer. It is possible, however, that the restricted quan-
tity of investigations incorporated in our meta-analysis compromises 
the reliability of this finding. Thus, these observations must be cor-
roborated and verified through subsequent pertinent investigations 
employing updated meta-analyses.

Peer-review: Externally peer-reviewed.
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Figure 3.  Funnel plot for assessment of publication bias.

Figure 2.  Forrest plot presenting results of the random-effects model and the estimated pooled hazard ratio for overall survival. HR, Hazard 
ratio.
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