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Abstract

Background: Bladder cancer is one of the most common cancers characterized by high rates of
tumor recurrence throughout the patient’s life. Urine biomarkers detect the disease in its early stages
to enhance patient prognosis, lower mortality and lessen expensive procedures such as cystoscopy.
Objectives: The purpose of this paper is to assess the performance of the biomarkers within urine
for the early diagnosis of bladder cancer and compare the results with conventional approaches.
Study design: A Cross Sectional study

Place and duration of study. Department of General Surgery Ziauddin University Hospital from
jan 2021 to dec 2021

Methods: A total of 150 patients, 90 cases with bladder cancer and 60 controls were assessed.
NMP22, UroVysion, and BLCA-4 were utilized in the urinary samples with biomarkers. Diagnostic
accuracy, sensitivity, and specificity of each of the markers were calculated using the test results.
Quantitative descriptive data was used in statistical comparison where standard deviation (SD) and
p-value were used to test the significance of the findings.

Results: The urinary biomarkers demonstrated fairly inconsistent mean sensitivities and specificities
for early detection. Detectivity of NMP22 was 82% (SD + 4.5), of UroVysion 78% (SD * 3.2), of
BLCA-4 was 85% (SD * 5.1). The sensitivity of the tests were at 75% (SD * 3.8) for NMP22, 82%
(SD % 4.0) for UroVysion and 80% (SD + 4.3) for BLCA-4. The p-values for all biomarkers
regarding difference in performance compared with conventional approaches were <0.05, which
revealed statistical difference.

Conclusions: Several urinary markers, such as BLCA-4, have been also identified to provide the
potential for early diagnosis of bladder cancer in humans. It is therefore clear that these non invasive
procedures are effective, highly sensitive and specific investigations in place of cystoscopy.
Additional big research trials using these deadlines still have to be conducted in order to determine
their efficacy in clinical practice.
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Introduction

Bladder cancer remains one of the most commonly diagnosed malignancies globally and affected
about 573,000 new patients and 213,000 deaths in 2020 [1]. Majority of such tumours are urothelial
carcinoma, which develops from the base of the bladder. For this reason, despite the enhancement of
the treatment procedures; the key to the enhanced survival rates will lie in the early diagnosis. The
five-year survival rate of patients with invasive bladder cancer confined to the organs, that is, TaTis,
T1, T2, or T3 cancer is 77.1%, while for patients with regional lymph node metastasis and/or distant
metastasis, the rate reduces to about 35 and 5 per cent respectively [2]. Bladder cancer to warrant an
early diagnosis to enhance the chances of the patient once diagnosed. Cystoscopy and urine cytology
have been the standard for diagnosing bladder cancer for quite some time now. While cystoscopy
enables endoscopic examination of the bladder and existing tumours, cytology involves assessment
of the specimens for epithelial cells [3]. However, these methods have severe shortcomings.
Cystoscopy, though a useful diagnostic tool, is often painful and expensive to the patient. It also has
relatively low specificity for the recognition of small and flat tumors or carcinoma in situ (CIS) [4].
Urine cytology is very specific but many a times compromised by low sensitivity particularly when
dealing with low graded tumors. Such drawbacks emphasize the importance for specific, noninvasive
techniques for diagnosing the presence of bladder cancer [5]. Over the past few years, the focus has
shifted on using the urinary biomarkers for diagnosing bladder cancer. Biomarkers are bio-elements
that are quantitatively measured and assessed for their ability to characterise biological events,
disease processes or outcomes of treatments. Some of the studies that have been done for discovery
of early biomarkers of bladder cancer include NMP22, UroVysion and BLCA-4[6]. Not only are
these biomarkers useful in diagnosing diseases, but they also present the possibility of doing it
without invasive procedures and of using urine tests. For instance, NMP22 is a nuclear matrix protein
which leaks in the urine when cells die and this is particularly so with cancer cells. There were
findings that suggest that NMP22 is increased in patients with bladder cancer and thus may be a
molecular marker for the identification of the disease [7]. UroVysion is a FISH that pinpoints
chromosomal abnormities common in the cancerous bladder cells [8]. There are other protein
markers for BLCA-4 that has been identified to be high in the urine of patients with the disease [9].
However, there is an important variability for the practical use of urinary biomarkers, which
evidenced in several earlier works different levels of sensitivity and specificity. One limitation that
needs to be resolved before the use of these biomarkers can be considered routine in clinical practice
is their variability in different populations. Hence, continued research is compulsory to assess the
effectiveness of these markers and gradually correlate it with the conventional diagnosis ways. The
present research proposal seeks to assess the accuracy of three forms of urinary biomarkers; NMP22,
UroVysion and BLCA-4 in diagnosing early stages of bladder cancer. We endeavour to compare
these biomarkers in terms of sensitivity, specificity and diagnostic accuracy to stand cystoscopy and
urine cytology in order to establish whether they can be used as non invasive diagnostic markers.
Secondly, we want also to determine if these biomarkers could decrease the required number of
cystoscopic examinations in patients with bladder cancer to limit the discomfort and the costs of the
treatment concerning cystoscopy but maintaining a high diagnostic accuracy level.

Methods

150 participants were enrolled for the present study, of which 90 participants had bladder cancer and
60 were healthy individuals. Each person provided a urine sample that was then used in the tests.
The NMP22, UroVysion and BLCA-4 levels were measured employing the respective assays. In
house sensitivity, specificity and overall accuracy was determined for each biomarker. Permissions
were sought, and all participants provided their informed consent.

Data Collection
The urine samples from the participants were voided into sterile sample containers and analysed
without delay. The concentrations of NMP22 in the sample were determined by enzyme linked
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immune sorbent assay (ELISA). UroVysion was tested with FISH, and BLCA-4 concentrations in
the media were assessed employing a commercial ELISA assay.

Statistical Analysis

Data analysis was done using Social Package Statistical Software SSPS version 20.0. On the
demographic and clinical variables, descriptive statistics were used to present the subjects’ profile.
With respect to the biomarkers specificity, sensitivity, positive predictive values and negative
predictive values were computed as follow: A significance level of <0.05 was used in analysis of
variance.

Results

The sample comprised 150 people, from which 90 were diagnosed with bladder cancer. The
biomarkers showed BLCA-4 the highest sensitivity at 85% (SD + 5.1) out of all of them including
NMP22 at sensitivity of 82 % (SDx4.5) and UroVysion at 78% (SD £3.2). The sensitivity was the
highest for UroVysion at 82% (SD + 4.0) for BLCA-4 at 80% (SD % 4.3) and followed by NMP22
at 75% (SD = 3.8%). In general, all the three biomarkers offered significant difference when
compared to the conventional diagnostic methods since the p-values were <0.05. culturally, based
on the outcomes of the present study, one can infer that novel urinary markers essere the BLCA-4
may be used as a regular tool for the screening of bladder cancer. But, more such large scale trials
are necessary to fully endorse these observations and to determine their applications of the same for
replacing or supplementing conventional diagnostic procedures.
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Table 1: Biomarker Performance

Biomarker | Sensitivity Specificity Standard Deviation | Standard Deviation
(%0) (%) (Sensitivity) (Specificity)
NMP22 82 75 +45 +3.8
UroVysion | 78 82 +3.2 +4.0
BLCA-4 85 80 +5.1 +4.3
Table 2: Participant Demographics
Group Number of | Average Age | Male (%) | Female (%)
Participants (years)
Bladder Cancer Patients | 90 65 70% 30%
Healthy Controls 60 62 60% 40%

Table 3: Sensitivity and Specificity Comparison

Test Sensitivity (%) | Specificity (%)
Cystoscopy 95 90
Urine Cytology | 70 80
NMP22 82 75
UroVysion 78 82
BLCA-4 85 80

Table 4: Statistical Significance of Biomarker Findings

Biomarker | P-value (Sensitivity) | P-value (Specificity)
NMP22 0.04 0.05
UroVysion | 0.03 0.03
BLCA-4 0.02 0.02

Discussion

The conclusions of this study exclude valuable knowledge that is consistent with previous works in
which urinary biomarkers display their feasibility for early BC identification, but, at the same time,
also reveal some novel perspectives. From the sensitivity and specificity analysis of the biomarkers
under consideration NMP22, UroVysion and BLCA-4 and it can be concluded that they are efficient
biomarkers for diagnosis of bladder cancer in its early stage. The biomarkers’ diagnostic performance
was rather better than standard practices such as cystoscopy and urine cytology especially in
concerning sensitiveness. Such sensitivity of NMP22 in this study; 82% understand with other prior
studies conducted in establishing NMP22. Past works have established sensitivity of NMP22 at
between 68% and 85% depending on population and stage of carcinoma of the bladder [10, 11].
Modestly, NMP22 does have relatively high sensitivity but the specificity (75%) in this study points
to the fact that increased sensitivity tends to lower specificity. Specificity has been reported to have
false positive results, especially in cases of hematuria or other urinary diseases, therefore, its use as
a stand alone urine marker is somewhat restricted [12]. UroVysion composed of fluorescence in situ
hybridization (FISH) for the detection of chromosomal aberrations related to bladder cancer, has
achieved 78% sensitivity and 82% specificity in this study. Such findings agree with prior works that
documented sensitivity of UroVysion at between 70 and 83 percent and specificity at between 75
and 85 percent [13, 14]. The strength of UroVysion is its capacity to identify high-grade tumor and
carcinoma in situ or CIS that are not detectable by urine cytology. Further, its capacity to identify
chromosomal abnormalities may extend its application for usage in recurrence tracking [15].
Nonetheless, issues concerning high cost and technical requirements which UroVysion entails may
reduce its usage in the current world particularly in developing countries [16]. The biomarkers under
consideration in this study that held relatively higher sensitivity and specificity were BLCA-4 (85%
sensitivity and 80% specificity); [17] several other researchers also found that BLCA-4 reasonably
well correlates with bladder cancer. BLCA-4 is the nuclear matrix protein which it involved in early
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stage of tumour genesis so, it is useful for early stage of bladder cancer [18]. Different works have
estimated the sensitivity of BLCA-4 from 80 to 90 %, which points to it being one of the most
effective bladder cancer biomarkers [19]. However, BLCA-4 is less prone to be influenced by UTI
or benign disease that means that the rate of false positive results is decreased [20]. Consequently,
using the RRM is more sensitive than cystoscopy, although more conservative, with a sensitivity rate
of 95%. However, this invasive technique of cystoscopy is time-consuming, expensive, and
uncomfortable for the patients, especially many of the patients suffering from the disease type that
have high reoccurrence rates and therefore, frequently require a follow-up cystoscopy [21]. Urine
cytology, another conventional technique, is characterized by high specificity but low sensitivity,
especially for low-grade tumours [22]. Hence, the proposed cytokine urinary profiles such as BLCA-
4 might help to decrease patients’ reliance on repeated cystoscopies and provide a more acceptable
diagnostic strategy. In conclusion, the studies reported in this paper prove the potential of the urinary
biomarkers for the diagnosis of bladder cancer in its early stages. It is, therefore, evident that while
all the three; NMP22, UroVysion, and BLCA- 4 has its merits and demerits, BLCA-4 is the most
reliable biomarker that can be used in early detection. However, more large sample, multi-center
trials are required to investigate these findings and delineate the utility of increasing the number of
biomarkers for optimizing the diagnostic test outcomes.

Conclusion

This study proves that the use of urinary biomarker, especially BLCA-4 is beneficial for the early
diagnosis of bladder cancer compared to the invasive method such as cystoscopy of the urinary tract.
In the comparison with NMP22, UroVysion also showed a high accuracy, but the BLCA-4 test was
characterized by the highest sensitivity and specificity in pathology diagnosis at the early stages.

Limitations

One of them is a generalization of the study results because of a small size of sample, which is used
in the investigation. Furthermore, the current study lacks data on long-term consequences of the
study results, including the rate of recurrence, and false-positive results may continue to represent
clinical dilemmas even in the future.

Future Findings

Large scale studies should be carried out from other centres to ascertain these findings. It was also
suggested that the integration of more biomarkers might improve the diagnostic performance, and
the use of these biomarkers to predict the recurrence of bladder cancer will be another promising line
of research.
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