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The high occurrence of bladder cancer and its tendency to recur combined with lifelong surveillance make the treatment
of superficial bladder cancer one of the most expensive and time-consuming. Moreover, carcinoma in situ often leads to
muscle invasion with an unfavourable prognosis. Currently, invasive methods including cystoscopy and cytology remain a
gold standard. The aim is to find biomarkers with the best specificity and sensitivity, allowing the treatment plan to
optimise and have potential applications in clinical practice. Such non-invasive methods can be measure in human body
fluids, for example, urine or serum: Cytokeratin fragments (CYFRA 21.1), Excision Repair Cross-Complementation 1
(ERCC1), Tumour Protein p53 (Tp53), Fibroblast Growth Factor Receptor 3 (FGFR3), Tumor-Associated Trypsin Inhibitor
(TATI).
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| 1. Introduction

Bladder cancer is the most common urinary site of malignancy and the second most common reason of cancer deaths
from the genitourinary tract after prostate cancer in the United States, with 81,400 new cases and 17,980 deaths in the
year 20201, Globally there are about 430,000 new cases diagnosed each year 2.

Favourably, non-invasive lesions constitute approximately 75-80% of newly diagnosed urothelial bladder cancers (UBC).
More than 50% of UBCs are caused by smoking. Other important factors include occupational exposure to aromatic
amines and polycyclic hydrocarbons. Less evident is the impact of diet and environmental pollution. Increasing data
indicate that genetic predisposition plays a role in UBC pathogenesis B4l

There are two major groups of patients with distinct prognoses and molecular features.

Carcinoma in situ (CIS) and tumours staged as Ta, T1 (Figure 1.) are grouped as non-muscle-invasive bladder cancers
(NMIBC) Bl NMIBC patients generally have a significant risk of recurrence and potential clinical course for progression
BlFor NMIBC, the major problem is that after the initial transurethral resection of the bladder (TURB), they



characteristically recur in 50-70% of cases, with only approximately 10-20% of patients progressing to muscle-invasive
bladder cancer (MIBC) 4. Still, their life expectancy is long, and cancer rarely progresses to muscle invasion.
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Muscle-invasive tumours often metastasize and are usually diagnosed de novo, the prognosis is unfavourable, and for
decades, no major innovation has been made in therapy. Papillary non-invasive cancers (pTa) grow up from carcinoma in
situ (CIS) of the urothelium (frequently TP53-mutated, a high-grade lesion) and often metastasize and evolve into muscle
invasion B Robertson et al. demonstrated that MIBC shows high overall mutation rates. Still, fortunately, most of them
seem to be passenger variations without any functional meaning or repeated genetic alterations, including the TP53,
FGFR3, PIK3CA and RB1 genes’ mutations El}

Muscle-invasive bladder cancer (MIBC) is a high risk but potentially curable disease. Unfortunately, nearly half of patients
die from MIBC despite getting the appropriate treatment 1911 The major problem in the management of superficial
bladder cancer is its tendency to recur. Lifelong surveillance with a relatively long-life expectancy (5-year survival rate >
90%) makes it the most expensive and time-consuming malignancy to treat.

In recent years, a great effort has been put in the search for new potential biomarkers such as protein 53 (p53), ERCC1,
CYFRA 21.1, FGFR3 and TATI in the prognosis and prediction of bladder cancer. The FGFR3 mutations could be a
marker of low-grade and early-stage tumours, while the changes in p53 appear better in detecting high-grade or advanced
cancers.

| 2. Diagnostic and Prognostic Potential of Bladder Cancer Biomarkers
2.1. Cytokeratin Fragment 21.1 (CYFRA 21.1)

Cytokeratin fragments (CYFRA 21.1) is an ELISA-based assay that detects the concentration of a soluble fragment of
cytokeratin 19 by using two monoclonal antibodies!®2. The studies have shown that the differentiation between liquid
biopsies of healthy (non-cancer) individuals and BC patients may be done using this biomarker.

Authors28 concluded that serum and urine CYFRA21.1 (Figure 2.) can be used as diagnostic biomarkers and distinguish
between local and metastatic bladder cancer. All healthy individuals had a lower CYFRA21.1 level than patients with
bladder cancer. The locally invasive disease also showed lower CYFRA 21.1 levels than the subgroup with metastatic
bladder cancer. Notwithstanding, between patients with bladder cancer stage | and stage Il, and among the group of



patients with local stage Il and Il were no significant differences in the CYFRA21.1 level. Therefore, CYFRA 21.1 cannot
help differentiate grades I-lll of local bladder cancer but may be used as a diagnostic biomarker to detect metastases.
Notably, the abnormal serum level of CYFRA 21.1 14 corresponds with a worse response.
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Unfortunately, CYFRA 21.1 is a false positive in the group of patients with urinary tract infections, stones, history of pelvic
radiotherapy, urethral catheterization or BCG intravesical instillation within the three previous months. Even years
following intravesical immunotherapy with the BCG level of urinary CYFRA 21.1 may be elevated. There is a disadvantage
being that the concentrations marker is strongly influenced by benign urological diseases, intravesical installations and
also a disappointing performance in low-stage bladder cancer.

2.2. Excision Repair Cross-Complementation 1 (ERCC1)

The nucleotide excision repair (NER) pathway is essential for protecting genomic stability and for the removal of platinum-
induced DNA adducts and cisplatin resistance 2228l The key molecules in this pathway belong to the excision repair
cross-complementing group 1 (ERCC1) L2,

The ERCCL role is to detect, repairing and rate-limiting the interstrand cross-links in DNA 18], Therefore, this enzyme may
represent the crucial DNA damage repairability of the cell 2229 |n a group of patients treated with surgical resection,
ERCC1 as the DNA repair protein may also be engaged in weakening tumour malignancy by reducing the number of
mutations. Moreover, genetic testing of ERCC1 expression levels could personalize the chemotherapy by selecting the
patients who would benefit from platinum-based chemotherapy. A variety of tumours, including the bladder, show that the
ERCCI1 level is strongly associated with cisplatin resistance 21,

Klatte and colleagues 22 presented the work assessing ERCC1 as a prognostic and predictive biomarker of bladder
cancer after cystectomy. In a group of 432 patients, a positive expression was found in 71% of patients. Patients with an
ERCC1-positive expression had a significantly better five-year disease-free survival (DFS) than those with an ERCC1-
negative expression, 62% to 49%, and cancer-specific survival (CSS), 70% to 59%, respectively. In the ERCC1-positive



group, the risk of bladder cancer (BC) recurrence and death due to BC was 30% lower. Patients undergoing radical
cystectomy with an ERCC1-positive expression had better survival values than those with a negative expression.
Therefore, ERCC1 may be an independent prognostic marker for bladder cancer.

Similar conclusions were made in Hemdan's report 23, They evaluated a group of 244 patients who underwent radical
cystectomy or neoadjuvant chemotherapy and radical cystectomy. Negative ERCC1 correlated with worse overall survival
in the group with only surgical treatment. It was noted that neoadjuvant chemotherapy would benefit mainly patients with
an ERCC1-negative expression, while for those who were ERCC1-positive, the influence was minimal.

The role of ERCCL1 as a prognostic factor of survival was assessed in patients with advanced bladder cancer treated with
platinum-based chemotherapy. Another meta-analysis was published by Urun 24 performed on 1425 patients from 13
studies, and patients with an ERCC1-positive expression constituted 24-76% of the examined populations. The
conclusions were that a positive ERCC1 expression is not significantly related to overall survival but has a significant
impact on worse progression-free survival, and maybe an indicator of worse survival in patients with advanced bladder
cancer, but large prospective studies are needed to consider ERCC1 as a prognostic marker in patients with advanced
bladder cancer.

In 2018, Eldehna2l conducted a descriptive study on 80 patients with muscle-invasive bladder cancer (stages T2-T4a)
who received platinum-based chemotherapy. They were analyzing the previous studies gives controversial information
about predicting the prognostic role of ERCCL1 in the treatment of advanced bladder cancer. Their research showed a
significant relationship between platinum-based treatment response and the ERCC1 expression in bladder cancer tissue
samples (p = 0.013). It was an indicative association between a negative immuno-expression and a more favourable
outcome. Still, no difference between the ERCC1 expression and mean overall survival or progression-free survival in
different immune-expression levels in patients was apparent. Therefore, ERCC1 may be a potential predictive but not
prognostic marker. For this reason, genetic testing could personalize chemotherapy by selecting the patients who would
benefit from a platinum-based treatment in bladder cancer.

In summary, ERCC1-positive tumours were associated with a better prognosis in cases without chemotherapies.
However, in patients with chemotherapies, ERCC1-negative tumours were associated with a better outcome.

The possible explanation for the above scenario seems related to the function of this enzyme, which appears crucial in the
DNA damage repairability of the cell. However, the above DNA repair, related to the ERCC1 activity, is non-beneficial for
patients treated with chemotherapy, potentially leading to an “antichemotherapeutic” activity.

2.3. Tumour Protein p53 (TP53)

The common oncosuppressor gene mutated in all human cancers and the most frequently mutated gene in MIBC is the
tumour protein p53 (TP53)23. Genomic integrity and stability by TP53 via triggering a cell-cycle arrest, apoptosis,
autophagy and DNA repair. Mutant p53 proteins silence the autophagy-related gene (ATG), which affects the autophagic
flow, and therefore suppresses regulation to the autophagic vesicles formation and their fusion with lysosomes (28],
Additionally, p53 preferentially binds to the AMPKa subunit and inhibits the AMPK activation. Mutp53s become oncogenic
via the activation of AMPK (2,

Bladder carcinogenesis is closely associated with tumour suppressor dysfunction and the inactivation of TP53 28,
Therefore, p53 has been studied as a marker of urothelial cell carcinoma recurrence and progression. A cheap and simple
method to detect the abnormal function of p53 is immunohistochemistry staining (IHC). The short half-life of wild-type p53
prevents its intra-nuclear accumulation 2,

Increased p53 accumulation in the cell nucleus is a result of TP53 mutations. Immunohistochemical patterns of TP53
mutations are strongly associated with the progression of urothelial cell carcinoma. Plenty of data illustrate that from non-
missense mutations (i.e., nonsense, insertion and deletion) to wild-type TP53, the expression of p53’s IHC increases. That
promotes the growing up of an invasive phenotype of bladder cancer BY. The high expression of p53 has been associated
with features of tumour aggressiveness and correlated with poor oncological outcomes 1. Therefore, this protein level
was higher in more advanced bladder cancer B2[23]. plenty of studies have indicated that p53 can be helpful to assess
the level of progress and prognoses urothelial cell carcinoma 24,

However, Ciccasese and colleagues published a study with a contradictory opinion. In their opinion, the single p53 marker
is not good enough as a prognostic marker of MIBC 241,

Moreover, the most aggressive T1 high-grade cancers appear to be also associated with the expression of this protein.
The progression from T1 NMIBC to T1HG can be predicted by a p53 overexpression 23],



Authors 28] collected data from 70 patients and showed that 16% of patients with low-grade and 91% of patients with
high-grade lesions were p53-positive. There was 33% positivity in Tis, 55% in T1, 72% in T2 and 100% in T3a and T3b.
These results indicated a strong intensification of p53 staining—94.6% of high-grade and 5.4% of low-grade tumours.
Moreover, the p53 accumulation in the nucleus, in a group treated with radical cystectomy and in other MIBCs, has a
prognostic value 28I,

Another study 23 showed that an aggressive tumour phenotype is strongly associated with the overexpression of p53.
MIBC and CIS correlated with a high level of TP53 deletion and mutation 4. According to the TCGA cohort data [4], 89%
of MIBCs have an inactivated TP53 cell-cycle pathway, with TP53 mutations in 48%. Bladder epithelial cells become
malignant by the TP53/RB1 pathway or the FGFR3/RAS pathway B7.

2.4. Fibroblast Growth Factor Receptor 3 (FGFR3)

Fibroblast growth factor receptor 3 (FGFR3) alternations are associated with urothelial cell carcinoma pathogenesis 28]
39 FGFRS3 is activated by the mutation or overexpression in many bladder tumours at any stage but is predominantly
active in low-grade NMIBCs 494143l Higher levels of FGFR3 expression were observed in low-grade, non-invasive
tumours and recurrent non-invasive tumours than in invasive and non-invasive high-grade carcinomal3.

This marker is associated with a lower chance of progression to muscle-invasive disease, and it is like a hallmark of the
low-grade pathway. FGFR3 alternations occur mainly in non-invasive tumours 2442 specifically in the luminal-papillary
subtype (35%), which has the best overall survival and is characterized by a papillary morphology 4Moreover, many
studies indicated that FGFR3 mutation and the risk of progression are an inverse interaction. Therefore, patients with
MIBC and the FGFR3 mutation have better survival rates ¥4, Another study suggests that the progression in pT1 tumours
is negatively correlated with the FGFR3 mutation 2. Many studies confirm that FGFR3 mutations correlate with an
overall benign effect (451461 The presence of the FGFR3 mutation in urine is observed not only in low-grade tumours but
also seems to be associated with future recurrence [47[48]

FGFR3 is involved in tumorigenesis in ~40% of invasive bladder cancer and the majority (~80%) of low-grade non-
invasive (stage Ta) bladder cancers 281, Tomlinson et al “2. observed an FGFR3 overexpression in nearly 40% of MIBC,
whereas mutations occurred in 21% of MIBC Sung 28] observed that an FGFR3 overexpression results in the worst
overall survival and disease-free survival in a group of patients with adjuvant chemotherapy. In a group without this
treatment, no prognostic significance was observed.

High levels of FGFR3- and PIK3CA-mutated DNA in urine can be useful in predicting later metastasis and progression in
NMIBC B9, Choi et al. indicated that FGFR3 mutations are characteristic for the luminal type of MIBC 21, In conclusion,
FGFR3 may be used as a urine-based assay to detect primary tumours, recurrences for prognosis and targeted therapies.
in both non-invasive and invasive BC

2.5. Tumor-Associated Trypsin Inhibitor (TATI)

TATI is a peptide produced at lower concentrations in many healthy tissues, especially in the gastrointestinal and
urogenital tracts. In cancers, an increased TATI concentration is associated not only with tumour production but also acute
phase reactions caused by tissue destruction during cancer invasion 52

Serum values of TATI have also been used in patients with muscle-invasive and metastatic transitional cell carcinoma to
monitor the response to therapy. In 1996, Pectasides 23] suggested that TATI might be potentially useful in monitoring
treatment efficacy in transitional cell carcinoma of the bladder. Significantly modified values of TATI were observed in
metastatic diseases, in patients with complete or partial remission and non-responders. A significant increase in TATI in
T2-T4-NOMO tumours were in the non-responders.

Kelloniemi et al. showed that TATI might be an independent prognostic factor for the identification group of patients with
adverse prognosis in transitional cell carcinoma serum 241,

Gkialas 52 showed that TATI was significantly more sensitive in stage Ta (80%) than was CYFRA 21-1 (32%), UBC (12%)
and cytology (20%). TATI was different also between stages and was more sensitive compared with other tumour markers
for stage T1.

Patschan and colleagues 28 confirmed that the TATI level positively correlates with low-stage tumours and the favourable
differentiation of bladder cancer. They also showed in univariate analyses that a decreased level of TATI was associated
with high recurrences and cancer-specific mortality.



Liu ©lmade a similar conclusion that a decrease in the TATI expression correlated with more advanced disease.

Moreover, in the progression of bladder cancer, the prognostic value of a p53 overexpression can be enhanced by TATI.

Bladder cancer management is one of the most complex and expensive in uro-oncology. An ideal biomarker of the future

should be potentially able to detect the disease before its clinical manifestation. The BC mortality rate is another major

reason to obtain a similar screening method to that available in other cancers, i.e., prostate and colon.

Currently, flexible cystoscopy remains a mainstay in BC diagnosis, and it appears unlikely that available biomarkers would

quickly rule out this standard approach in clinical practice. On the other hand, developing markers showing a correlation

with cancer aggressiveness and distinguishing between aggressive and non-aggressive tumours appears of utmost

clinical importance. Hopefully, one of the discussed markers might become helpful in patients’ selection for an appropriate

treatment plan and personalized cancer medicine. The prospective studies on a larger group of individuals are still needed

to obtain additional prognostic information that will improve results, reduce adverse effects and in future, allow us to

individualize bladder cancer treatments.
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