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Abstract
Purpose  To determine the association between mutations in CDKN2A and FGFR3 genes and the diagnosis of bladder 
carcinoma (BCa).
Methods  A systematic search strategy was carried out through MEDLINE, EMBASE, LILACS, CENTRAL and unpub-
lished literature. We included RCTs, cohort, case–control and cross-sectional studies that involved patients > 18-year-old 
assessing the association between CDKN2A and FGFR3 mutated genes and BCa. The primary outcome was bladder cancer 
defined by histology of the sample. We assessed the risk of bias with QUADAS2 and performed a meta-analysis with Review 
Manager v5.3.
Results  We found 97 records with the search strategies. After duplicates were removed, six studies were included in meta-
analysis. Regarding the association between mutated FGFR3 and bladder cancer, we found an OR 31 95% CI (15–64). 
However, there was no association for CDKN2A and BCa.
Conclusion  There is a strong association between FGFR3 mutated gene and the diagnosis of bladder cancer, which has not 
been observed with CDKN2A. Such a result supports FGFR3 mutated gene as a promissory bladder cancer screening and 
monitoring biomarker.
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Introduction

Bladder cancer (BCa) is the sixth most frequent type of can-
cer worldwide, and the fourth in men. BCa had a mortality 
of 16,870 cases in 2017, around 20% [1]. There are multiple 
risk factors for BCa such as tobacco smoke, the presence of 
aromatic amines (dyes, rubber, aluminum workers), chronic 

infections (schistosomiasis) and/or inflammation of the uri-
nary tract, the presence of arsenic in water and some drugs 
such as cyclophosphamide.

BCa is considered a public health concern in developed 
countries, lacking a specific screening and monitoring 
marker. This is the reason patients only consult when symp-
toms begin and that is directly related with an advanced 
disease and bad prognosis, justifying the need to look for 
development of biomarkers that helps in BCa diagnosis in 
the near future.

After genomic studies like the Cancer Genome Atlas the 
understanding of cancer biology has changed with the dis-
covery of large scales of genes expressions that in patho-
logical cases have shown disturbances that can be related 
with cancer, not as an homogenous disease when the new 
discoveries demonstrate the heterogeneity in which multiple 
genetic alteration can lead to tumor advance [2].

Selected polymorphisms of CDKN2A and FGFR3 might 
have a functional consequence by affecting gene regulation 
or its protein product and are thus associated with disease 
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prognosis and diagnosis. Mutations of these genes have been 
seen as potential biomarkers of common malignancies in 
blood, urine and tumor tissue. Polymorphic variations in 
some genes might affect an individual’s susceptibility to 
BCa and the use of this biomarker can improve the manage-
ment, diagnosis, therapy and prognosis.

The study of genes related to BCa seeks to determine the 
link to the onset of localized bladder cancer and evaluate the 
possibility of studying the variations and possible applica-
bility as a biomarker for illness or as an early biomarker for 
development of the susceptibility to BCa.

The objective of this systematic review was to identify the 
association between the CDKN2A and the FGFR3 mutated 
genes and the diagnosis of bladder cancer

Methods

We performed this review according to the recommenda-
tions of the Cochrane Collaboration [3] and following the 
PRISMA Statement [4]. The PROSPERO registration num-
ber was CRD42018094610

Eligibility criteria

•	 Study design: We included clinical trials, cohort, case–
control and cross-sectional studies. The studies that were 
considered were those that included men or women, 
> 18-year, and looked for the association of mutations 
in the CDKN2A and the FGFR3 genes, their SNPs and 
the diagnosis of bladder cancer. Studies from molecular 
biology, translational and clinical research and those that 
compared between people with/without BCa were also 
included.

•	 Primary outcome: BCa defined by histology of the tumor 
from transurethral resection.

•	 Exclusion criteria: observational and descriptive studies; 
no human subjects.

Information sources

Literature search was conducted in accordance to Cochrane 
recomendations and medical subject headings (MeSh), 
Emtree language, Decs and text words related used. We 
searched MEDLINE (OVID), EMBASE, LILACS and the 
Cochrane Central Register of Controlled Trials (CENTRAL) 
from inception to the present. To ensure literature satura-
tion, we scanned references from relevant articles identified 
through search, conferences, thesis databases, Open Grey, 
Google Scholar and clinicaltrials.gov, among others. We 
contacted authors by e-mail in case of missed information. 
There were no language restrictions.

Additionally, we looked for information in the follow-
ing specific databases: dbSNP, GeneSNP, Polyphen, Human 
Genome Database, Ensemble and Nature, among others. The 
search strategy has been described in Appendix 1.

Data collection

Two researchers reviewed each reference by title and 
abstract. Then they scanned full texts of relevant studies, 
applying pre-specified inclusion and exclusion criteria, and 
extracted the data. Disagreements were resolved by con-
sensus, and when disagreement could not be solved a third 
reviewer dissolved the conflict.

Two trained reviewers using a standardized form inde-
pendently extracted the following information from each 
article: study design, geographic location, authors’ names, 
title, objectives, inclusion and exclusion criteria, number of 
patients included, losses to follow-up, timing, definitions of 
outcomes, outcomes and association measures and funding 
source.

Risk of bias assessment

The assessment of the risk of bias for each study was made 
using the QUADAS2 tool [5]. We computed graphic repre-
sentation of potential bias using RevMan 5.3.

Data analysis/synthesis of results

The statistical analysis was performed using Review Man-
ager 5.3 (RevMan® 5.3). For categorical outcomes, the 
reported information about odds ratio (OR) with 95% confi-
dence intervals was used according to the type of variables 
and we pooled the information with a random effect meta-
analysis according to the heterogeneity expected. The results 
were reported in forest plots of the estimated effects of the 
included studies with a 95% confidence interval (95% CI).

Heterogeneity was evaluated using the I2 test. Values of 
25%, 50%, and 75% in the I2 test correspond to low, medium, 
and high levels of heterogeneity, respectively. We tried to 
perform a meta-regression according to the number and the 
quality of the studies.

Publication bias

Due to the number of studies included, we did not perform 
publication bias analysis

Sensitivity analysis

We performed sensitivity analysis extracting weighted stud-
ies and running the estimated effect to find differences.
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Subgroup analysis

We tried to perform subgroup analysis by: NMIBC and 
MIBC/sample/geographic setting/molecular template. How-
ever, we only performed it by sample in the FGFR3 gene.

Results

Study selection

We found 243 records with the search strategies. After dupli-
cates were removed, there were 226 records. Finally, six 
studies were included in qualitative and quantitative analysis 
[6–11] (Fig. 1).

Included studies

A total of 1254 patients were included, with a median 
of 177 patients per study. All six studies evaluated new 

biomarkers in different samples for early diagnosis of blad-
der cancer. The studies were performed in the USA, France, 
Netherlands, Denmark, China and India. Noel [7], Van 
Kessel [8] and Dahmcke [9] studied the FGFR3 gene and 
Obaidul Hoque [6], Yang [10] and Hosseini [11] studied the 
CDKN2A gene (Table 1).

Risk of bias assessment

All included studies [6–11] had no information regarding 
the blinded assessment of the index and reference standard 
tests; therefore, these two items were graded as unclear risk 
of bias. On the other side, only two studies (Dahmcke [9] 
and Van Kessel [8]) were conceived as prospective, leading 
to low risk of bias; the other studies used a case–control 
approach. There were no applicability concerns for all stud-
ies (Fig. 2a, b).

FGFR3 and bladder cancer

Three studies assessed the association between FGFR3 and 
bladder cancer (Noel [7]; Van Kessel [8]; Dahmcke [9]). We 
found an OR 31.22 95% CI (15.11–64.48) I2 0% (Fig. 3a).

CDKN2A and bladder cancer

Three studies assessed the association between CDKN2A 
and bladder cancer (Obaidul Hoque [6]; Yang [10]; Hosseini 
[11]). We found an OR 12 95% CI (0.26–590.79) I2 87% for 
tissue samples (Fig. 3b) and an OR 7 95% CI (0.2–258) I2 
84% for blood samples (Fig. 3c).

Sensitivity analysis

We did not find any differences in effect estimate (OR) when 
we performed sensitivity analysis.

Subgroup analysis

We performed the subgroup analysis for CDKN2A, based 
on the type of sample (see previously described) (Fig. 3b, c).

Discussion

Summary of the main findings

We found that FGFR3 mutated gene was significantly asso-
ciated with diagnosing bladder cancer. On the other side, the 
CDKN2A was not associated with the diagnosis of this kind 
of tumor with regard to the type of sample analysis.Fig. 1   Flowchart of included studies
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Contrast with literature

The study of genes related to BCa seeks to determine the 
link to the onset of localized bladder cancer and evalu-
ates the possibility of studying the variations and possi-
ble applicability as a biomarker for illness or as an early 
biomarker for development of the susceptibility to BCa.

After genomic studies such as the Cancer Genome 
Atlas, the understanding of cancer biology has changed 
with the discovery of genes’ large scale expressions related 
to cancer, obviously not as a homogenous disease but in 
a scenario where multiple genetic alteration can lead to 
an advanced tumor [12]. Alterations in gene expression 
patterns, mutations and copy number can determine the 
grade of malignancy of the tumor, but can also help to find 
specific therapeutic targets. The genomic and molecular 
analysis of urothelial tumors has shown a large number 
of genes that are altered, downregulated or overexpressed 
that can be directly associated with the development of the 
illness. Two most representative genes are CDKN2A and 

FGFR3, which is the reason why we chose to elucidate 
them in our systematic review.

The CDKN2A is a gene type of cyclin-dependent kinase 
inhibitor, which is located at chromosome 9 band p21.3 and 
its mutations have been related with breast cancer, mela-
noma and squamous cell carcinoma. Recent findings show 
that from 20 to 60% of bladder carcinomas have CDKN2A 
gene alteration, and the principal polymorphism is a sub-
stitution of alanine to threonine in the second exon caus-
ing mutation, deletion or hypermethylation. CDKN2A is an 
activator of P53, so its alteration may result in a negative 
control of cell proliferation, in two different ways: first is an 
inhibition of retinoblastoma protein in G1 cell cycle and the 
second is binding and inhibiting MDM2 protein that inhibits 
P53 [13].

The FGFR3 is a fibroblast growth factor receptor 3 
encoded in chromosome 4 p 16.3, with ligand affinities and 
tissue distribution, which interacts with fibroblast growth 
hormone. Its mutation suggests RAS-MAPK and PI3K-AKT 
pathways interference. Mutation was seen in 63% of NMIBC 

Fig. 2   Risk of bias assessment: a within studies, b across studies
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and 38% of patients with MIBC, associated with the invasive 
portion in the muscular layer of the tumor, and also lymph 
node analysis report was positive for FGFR mutation in 5%. 
Also it can be analyzed in urinary cells, where its mutations 
relate to recurrent tumors [12].

While there are three known pillars n BCa genesis, 
genetic, environmental and immunologic, the most impor-
tant risk factor recognized so far is limited to the exposure 
to tobacco, which has more than 400 different carcinogenic 
compounds. In addition to eventual genetic susceptibility, it 
might trigger multiple disturbances in cell cycle and chronic 
inflammation in the urinary tract, increasing by threefold 
BCa risk. The current study shows that the FGFR3 gene is 
over ten times stronger to determine BCa risk than exposure 
to tobacco (OR 31 vs. 3) [14].

Such a result suggests FGFR3 mutated gene to be a prom-
ising bladder cancer-specific screening and monitoring bio-
marker, mainly in the current scenario lacking a strong target 
to allow an effective screening strategy.

Additionally, despite surgical management with TUR 
and adjuvant intravesical therapy, about 30% of BCa can 

result in recurrence of tumor, advancement of the disease, or 
change in stage, prognosis and mortality. To know which of 
these patients are more likely to generate recurrence, aggres-
siveness and how genetic alterations can be diagnosed in a 
timely manner, and to define patients at risk and even gen-
erate straightforward treatment directed at the altered gene 
remain unanswered questions [15].

Strengths and limitations

This is the first systematic review related to the association 
of these important genes and bladder cancer, following the 
international recommendations for systematic reviews and 
meta-analysis. There was a very sensitive search strategy, 
enhanced with specific searching in http://Genec​ards.org, 
KEGG and UCSC Genome Browser. There was an impor-
tant effect measure for FGFR3 gene with low heterogeneity, 
which increases the confidence in this result.

The most important limitation of this review was the high 
heterogeneity for CDKN2A gene and techniques that could 
not have been explained.

Fig. 3   a FGFR3 and bladder cancer. b CDKN2A and bladder cancer. Tissue sample. c CDKN2A and bladder cancer. Blood sample

http://Genecards.org
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Clinical and population importance

Based on the findings, mutations in FGFR3 have a direct 
relationship to diagnose bladder cancer, mainly in patients 
with risk factors and people with non-invasive bladder can-
cer. This opens a door for considering the benefit of a screen-
ing test to detect patients in early stages and thus preventing 
them from developing an advanced cancer.

Conclusion

There is an association between FGFR3 mutated gene and 
the diagnosis of bladder cancer, which has not occurred with 
the CDKN2A gene. The FGFR3 gene might serve as a puta-
tive biomarker allowing future screening strategies.
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