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Abstract: Bladder cancer, also known as urological cancer, is the 10th most common cancer in the
world. The incidence of this cancer is steadily increasing, especially in well-developed countries. The
frequent occurrence of the disease and its susceptibility to recurrence and progression despite treatment
significantly burdens healthcare systems. A more modern advancement of the gold standard in
diagnostics is fluorescence cystoscopy and imaging using a narrow light beam. White light cystoscopy
requires the use of a photosensitizer, allowing for more precise visualization of changes within the
mucous membrane. An alternative method is narrow-band imaging, which relies on limiting the
spectrum of light illuminating the tissue, enabling the use of differences in light absorption by
hemoglobin. Two wavelengths are used for this purpose: 415 nm and 540 nm. Diagnostics using
photodynamics is considered the most precise method for imaging cancerous tissues. However, despite
diagnostic techniques' high effectiveness and widespread availability, their use is limited because only
selected tissues and organs are suitable for imaging with diagnostic light. Experience gained over many
years of using fluorescence-based methods would allow for the detection of bladder cancer in its early
stages, which are often overlooked even by modern tests.
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1. Introduction

Bladder cancer, also known as urological cancer, is the 10th most common cancer in
the world [1,2]. In 2012, this cancer ranked 9th [3]. The incidence of this cancer is steadily
increasing, especially in well-developed countries such as the United States, where it is the 6th
most common cancer [1,4]. The frequent occurrence of the disease and its susceptibility to
recurrence and progression despite treatment significantly burden healthcare systems [3].
According to the latest GLOBACAN data, bladder cancer accounts for 3% of all diagnosed
cancers worldwide [4]. Statistics indicate that bladder cancer is typically diagnosed in people
over 55 years of age, with men being four times more likely to be affected than women [4]. As
many as 4 out of 10 cases are detected early (Table 1), significantly improving survival and
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allowing resections [4]. It has been proven that genetics plays a role in only 7% of cancer cases,
with the majority of cases being caused by lifestyle factors, particularly environmental and
occupational exposure [5].

Table 1. Shows new cases and deaths from bladder cancer in 2018 [2].

Cancer Tvoe Number of New Cases Number of Deaths
yp (% of all cancers) (% of all cancers)
Bladder Cancer | 219,420 (1.2%) | 165,087 (1.7%)

The 5-year survival rate for bladder cancer in the USA is 77.1%, reflecting the success
of early diagnosis but also the poor prognosis for metastatic bladder cancer. The 5-year survival
rate in the USA has increased over the past 4 decades from 71.9% for diagnoses in 1975 to
79.3% for diagnoses in 2011. In the USA, the 10-year survival rate is 70%, and the 15-year
survival rate is 65% [4].

2. Materials and Methods

2.1. Anatomy.

The urinary bladder is located in the lower abdomen. It is a hollow organ whose main
function is to store urine filtered by the kidneys [1]. The interior of the bladder and the urinary
tract are lined with urothelial cells. These cells are most vulnerable to environmental factors,
as they are filtered into urine by the kidneys [1]. Urothelial tumors are characterized by
multifocality, and the current carcinogenesis model suggests that malignant tumors represent a
clonal expansion of one or several cancerous stem cells, which proliferate through asymmetric
differentiation and may differentiate into heterogeneous lines of cancer cells [6]. When cell
division occurs, one cell is capable of further division, while the progeny cell is genetically
plastic [6]. According to the 2023 guidelines from the National Comprehensive Cancer
Network (NCCN) for bladder cancer, there are three clinical categories based on differences in
prognosis, treatment, and therapeutic goals: non-muscle-invasive bladder cancer (NMIBC),
muscle-invasive bladder cancer (MIBC), and metastatic disease [7]. The urinary bladder is an
organ into which light can be introduced, and the entire epithelial layer can be exposed to
radiation. It is within this layer that neoplastic and precancerous changes occur [8].

2.2. Bladder cancer.

Transitional cell carcinoma (TCC) of the bladder accounts for 95% of all bladder
cancers. Disease recurrences and progressions are frequent. During routine diagnostics, bladder
cancer can easily be missed using white-light cystoscopy, ultrasound, and urography. The cells
comprising the tumor are flat and indistinct. Using photodynamic diagnostic methods,
urologists can detect bladder cancer at an earlier stage with greater effectiveness [9-17]. The
economic aspect is also critical, as due to the large patient population, constant monitoring of
disease progression is necessary, which significantly burdens the healthcare system [18-20].
Screening for bladder cancer is not recommended [21-22].

2.3. Symptoms.

The detection of bladder cancer begins with the observation of initial symptoms.
Hematuria is the primary symptom, followed by confirmation through cystoscopy, telescopic
endoscopy of the bladder, abdominal ultrasound, or computed tomography (CT) urography [4].
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Hematuria often occurs in the advanced stages of the disease. In the early stages, irritative
symptoms from the lower urinary tract, such as frequent urination, pain during urination, and
a feeling of urgency, can be observed [9]. Bladder cancer is also studied for genetic
susceptibility and interactions between genes and the environment. It has been shown that
genotypes of the NAT2 slow acetylator and GSTM1 null genotypes are prone to bladder cancer.
Furthermore, these genotypes interact with each other. Additional genes are currently being
studied that are likely genetically predisposed to bladder cancer [8]. Symptoms reported by
patients may also occur in many other conditions [23].

2.4. Diagnostics.

The first and most fundamental action by a doctor when suspecting bladder cancer
based on symptoms is a patient interview. In cases of non-invasive forms of bladder cancer,
physical examination is not helpful, and the mobility of the organ can only be assessed.
Therefore, imaging tests play the most important role in diagnosing bladder cancer. Cytological
examination of urinary sediment is commonly performed for diagnostic purposes and is highly
specific, although its sensitivity depends on the clinical stage and malignancy of the tumor [24-
26]. Cytology is highly sensitive for high-grade tumors but much less so for low-grade tumors
[27]. Interpretation difficulties arise when the sediment is poor or when infection is present
[28]. Molecular markers are increasingly being considered in diagnostics. Numerous studies
are regularly conducted to evaluate the properties of chemical compounds that could serve as
bladder cancer markers (Figure 1). The goal is to accelerate diagnosis and treatment
verification [27]. However, it has been unanimously agreed that no single marker can replace
more accurate cystoscopy [29]. The gold standard for diagnosing bladder cancer remains
cystoscopy, although it is an invasive test. It provides information about the tumor's location,
size, and appearance of changes [27]. A more advanced form of cystoscopy is fluorescent
cystoscopy and narrow-band imaging. White-light cystoscopy is performed using a
photosensitizer that is introduced into the bladder two hours before the procedure. These
include 5-aminolevulinic acid (5-ALA) or hexylaminolevulinate (HAL). They bind to the
urothelial cell membrane. The photosensitizer is excreted from the cells over time, depending
on whether it has bound to a healthy or cancerous cell. This process takes around 90 minutes
for healthy cells, while for cancer cells, it takes several hours [27]. Narrow-band imaging
involves limiting the spectrum of light illuminating the mucous membrane, thus utilizing the
difference in absorption of wavelengths by hemoglobin. Two bands are typically used—415
and 540 nm [27-29].

Fluorescent
molecule

Stimulation (short wave)

Emission (long wave)

Figure 1. The fluorescence process. Figure done by coauthor Sara Bien.
2.5. Imaging methods.
2.5.1. Ultrasound.

The primary imaging method used in the diagnostic evaluation of the urinary system is
ultrasound. It is a cheap, non-invasive, and radiation-free method for detecting bladder cancer.
However, the role of ultrasound is currently quite limited, and it is used alongside the patient’s
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history or histopathological examination to help differentiate between diseases [7]. Intra-
bladder ultrasound allows for a detailed evaluation of the bladder walls, but it is less frequently
performed due to limited accessibility. Transrectal ultrasound in men can assess both the
prostate and seminal vesicles [27]. In bladder cancer patients, the occurrence of urothelial
cancer in the upper urinary tract is 1.8%, but if tumors are located in the bladder triangle, the
risk increases to 7.5% [30].

2.5.2. MRI.

MRI is increasingly used in the imaging of bladder cancer due to its high tissue contrast
and spatial resolution. However, it is the most expensive method and is essential for evaluating
the depth of bladder wall invasion and assessing the extent of involvement of neighboring
anatomical structures [7].

2.5.3. CT scan.

CT in bladder cancer evaluates the degree of tumor advancement. Compared to
traditional ultrasound, it is a more sensitive method not only for analyzing the bladder itself
but also for detecting enlarged lymph nodes in the pelvis [31]. This method does not provide
information about the bladder's layers, so it is not indispensable for differentiating early-stage
disease [32].

2.5.4. Urography with cystography.

Urography with cystography is a method that allows assessment of the urinary tract and
bladder shape (figure 2). It is useful for the primary diagnosis of bladder cancer. It reduces
unwanted symptoms patients experience following standard diagnostic tests [33-36].
Photodynamic diagnostics offer the most precise method for imaging cancerous tissues [37].
Despite its widespread use, this diagnostic test is not often applied because only certain tissues
and organs are accessible to diagnostic light [38].

Recommended as a primary diagnostic method for
bladder cancer

Shows all lesions, making it superior to standard
cytoscopy

Detects cancerous lesions at early stages

Figure 2. Benefits of fluorescence diagnostics in bladder cancer. Figure done by coauthor Sara Bien.
2.6. Diagnostics and treatment elements.

A procedure used not only for diagnostics but also for treating bladder cancer is
transurethral resection of the bladder tumor (TURBT). If the tumor is small (less than 1 cm), it
is removed, along with a fragment of the muscle layer. Larger tumors are removed in fragments
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[39]. After the tissue is collected and sent for further diagnostics, the histological result will
provide information not only about the malignancy of the tumor but also about the depth of
invasion. These data are crucial for predicting recurrence and progression [40].

2.7. Adjuvant treatment.

Adjuvant treatment should be considered in every case depending on the likelihood of
recurrence and progression. If recurrence and progression are deemed low, one intravesical
chemotherapy installation should be given within 24 hours of TURBT [27,41]. In cases with
medium or high recurrence and progression risk, chemotherapy instillations should be given
cyclically every 6-12 months, or a 12-month regimen with BCG vaccine instillations should be
used [42]. Unfortunately, in severe cases where treatment is ineffective, bladder removal may
be necessary, but each case should be considered individually [27].

2.8. History.

The first reports of tissue fluorescence came from the works of Raab and von Tappeiner
in 1900 [43]. Through the fluorescent activity of porphyrins, the accumulation of
photosensitizers in tumors, and the accumulation of hematoporphyrin derivatives in cancerous
tissues, a groundbreaking study in urology in 1976 demonstrated the use of fluorescence
diagnostics for transitional cell carcinomas of the bladder [43,44]. In the following years,
numerous studies, including laboratory observations of photo optics, were conducted [43,45].
Initially, spectrofluorimeters with fiber optics were used for measurements, and later
modifications led to the development of devices for photodynamic therapy (PDT) [43].

2.9. FISH Method in Bladder Cancer Diagnostics.

Absorbance and emission spectra of radiation with specific energy can be associated
with chemical compounds, which can also emit light. This allows for the observation of light
emission under a microscope. In fluorescence microscopy, visible light is turned off, and the
sample is illuminated only with UV light [46]. There is a method that uses fluorescence
microscopy and the nucleic acid hybridization technique called Fluorescent In Situ
Hybridization (FISH). This method is applied to DNA diagnostics using peripheral blood
lymphocytes and urine cells [47,48]. The FISH method is used to diagnose bladder cancer.
Transitional cell carcinoma (TCC) is primarily characterized by additional chromosomes 3, 7,
17, and a deletion of the 9p21 region. As the cells for analysis are obtained from urine sediment,
there is a rapid test for detecting genomic changes [48-55].

3. Conclusions

Bladder cancer is the 10" most common and 13" most fatal cancer worldwide.
Although women are diagnosed much less frequently than men, increasing trends in bladder
cancer incidence are still observed. Bladder cancer can be categorized into groups of varying
malignancy. The most common symptom reported by patients is painless hematuria, which
affects 85% of those with the disease. Management of bladder cancer depends on its stage and
malignancy. Bladder cancer diagnostics using light, as opposed to conventional cystoscopy,
reveal all cancer foci, even in the early stages. Therefore, it should be used as the first and
primary method in diagnostics. The experience gained over the years through the use of
fluorescence-based methods should lead to improving this diagnostic technique in future years.
https://biointerfaceresearch.com/ 50f9



https://doi.org/10.33263/BRIAC154.046
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC154.046

Author Contributions

Conceptualization, S.B.; D.L.; D.B.-A.; and D.A.; methodology, S.B.; D.L.; D.B.-A.; and
D.A.; software, S.B.; D.L.; D.B.-A.; and D.A,; validation, S.B.; D.L.; D.B.-A.; and D.A
formal analysis, S.B.; D.L.; D.B.-A.; and D.A.; investigation, S.B.; D.L.; D.B.-A.; and D.A;;
resources, S.B.; D.L.; D.B.-A.; and D.A.; data curation, S.B.; D.L.; D.B.-A.; and D.A,
writing—original draft preparation, S.B.; D.L.; D.B.-A.; and D.A.; writing—review and
editing, S.B.; D.L.; D.B.-A.; and D.A.; supervision D.A.; project administration, S.B.; D.L.;
D.B.-A.; and D.A.; All authors have read and agreed to the published version of the manuscript.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

No new data were created or analyzed in this study. Data sharing is not applicable.

Funding

This research received no external funding.

Conflicts of Interest

Declared none.

References

1. Saginala, K.; Barsouk, A.; Aluru, J.S.; Rawla, P.; Padala, S.A.; Barsouk, A. Epidemiology of Bladder
Cancer. Med. Sci. 2020, 8, 15, https://doi.org/10.3390/medsci8010015.

2. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2018, 68, 394-424, https://doi.org/10.3322/caac.21492. Erratum in: Erratum: Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries CA
Cancer J Clin. 2020, 70, 313. https://doi.org/10.3322/caac.21609.

3. Wong, M.C.S.; Fung, F.D.H.; Leung, C.; Cheung, W.W.L.; Goggins, W.B.; Ng, C.F. The global
epidemiology of bladder cancer: a joinpoint regression analysis of its incidence and mortality trends and
projection. Sci. Rep. 2018, 8, 1129, https://doi.org/10.1038/s41598-018-19199-z.

4.  ZiH, Liu MY, Luo LS, Huang Q, Luo PC, Luan HH, Huang J, Wang DQ, Wang YB, Zhang YY, Yu RP,
Li, Y.T,; Zheng, H.; Liu, T.Z.;Fan, Y.; Zeng, X.T. Global burden of benign prostatic hyperplasia, urinary
tract infections, urolithiasis, bladder cancer, kidney cancer, and prostate cancer from 1990 to 2021. Mil Med
Res. 2024 Sep 18;11(1):64. doi: 10.1186/s40779-024-00569-w.

5. Al-Zalabani, A.H.; Stewart, K.F.; Wesselius, A.; Schols, A.M.; Zeegers, M.P. Modifiable risk factors for
the prevention of bladder cancer: a systematic review of meta-analyses. Eur. J. Epidemiol. 2016, 31, 811-
851, https://doi.org/10.1007/s10654-016-0138-6.

6. Zaghloul, M.S. Bladder cancer and schistosomiasis. J. Egypt. Natl. Canc. Inst. 2012, 24, 151-159,
https://doi.org/10.1016/j.jnci.2012.08.002.

7.  Reddy, A.C.; Gu, J.Z.; Koo, B.H.; Fruh, V.; Sax, A.J. Urothelial Carcinoma: Epidemiology and Imaging-
Based Review. R. I. Med. J. 2024, 107, 26-32.

https://biointerfaceresearch.com/ 6 of9


https://doi.org/10.33263/BRIAC154.046
https://biointerfaceresearch.com/
https://doi.org/10.3390/medsci8010015
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21609
https://doi.org/10.1038/s41598-018-19199-z
https://doi.org/10.1007/s10654-016-0138-6
https://doi.org/10.1016/j.jnci.2012.08.002

https://doi.org/10.33263/BRIAC154.046

10.

11.

12.
13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Lipinski, M. Personal Experiences in the Use of Photodynamic Diagnosis in the Detection of Superficial
Bladder Tumors. Urologia Polska. 2004, 57, 536-541, https://doi.org/10.1016/j.eursup.2008.04.005.
28.Soloway, M.S. Bladder tumor markers, intravesical therapy and systematic chemotherapy. J. Urol. 2001,
166, 488-489, https://doi.org/10.1016/S0022-5347(05)65968-X
Lopez-Beltran, A. Bladder treatment. Immunotherapy and chemotherapy. Urol Clin North Am. 1999, 26,
535-554, https://doi.org/10.1016/s0094-0143(05)70199-3.
Kim, J.C.; Steinberg, G.D. Medical management of patients with refractory carcinoma in situ of the bladder.
Drugs Aging. 2001, 18, 335-344, https://doi.org/10.2165/00002512-200118050-00004
Malkowicz, S.B. Intravesical therapy for superficial bladder cancer. Semin. Urol. Oncol. 2000, 18, 280-288.
Bohle, A.; Durek, C. Recent perspectives in topical therapy in superficial bladder cancer. Curr. Opin. Urol.
1999, 9, 407-411, https://doi.org/10.1097/00042307-199909000-00007
Szygula, M.; Wojciechowski, B.; Adamek, M.; Pietrusa, A.; Kawczyk-Krupka, A.; Cebula, W.; Zieleznik,
W.; Biniszkiewicz, T.; Duda, W.; Sieron, A. Fluorescent diagnosis of urinary bladder cancer-a comparison
of two diagnostic modalities. Photodiagnosis Photodyn Ther. 2004 May;1(1):23-6. doi: 10.1016/S1572-
1000(04)00006-7.
Ahmad, S.; Aboumarzouk, O.; Somani, B.; Nabi, G.; Kata, S.G. Oral 5-aminolevulinic acid in simultaneous
photodynamic diagnosis of upper and lower urinary tract transitional cell carcinoma - a prospective audit.
BJU Int. 2012 Dec;110(11 Pt B):E596-600. doi: 10.1111/j.1464-410X.2012.11326.x.
Zaak, D.; Karl ,A.; Kniichel, R.; Stepp, H.; Hartmann, A.; Reich, O.; Bachmann ,A.; Siebels, M.; Popken,
G.; Stief, C. Diagnosis of urothelial carcinoma of the bladder using fluorescence endoscopy. BJU Int. 2005
Aug;96(2):217-22. doi: 10.1111/].1464-410X.2005.05604.X.
Sieron, A.; Pietrusa, A.; Szyguta, M.; Duda, W.; Wojciechowski, B.; Adamek, M.; Kawczyk-Krupka, A.;
Cebula, W.; Zieleznik, W.; Biniszkiewicz, T. Photodynamic methods in urological practice Article
published in Urologia Polska 2004/57/4, http://www.urologiapolska.pl/artykul.php?325&lang=en&print=1
Gruba, N. Nieinwazyjne biomarkery do wykrywania raka pecherza moczowego. Wiadomosci Chemiczne.
2022, 76, 719-734, https://doi.org/10.53584/wiadchem.2022.9.1
Yeh, H.C.; Huang, C.N.; Li, C.C.; Chang, L.L.; Lin, H.H.; Ke, H.L.; Huang, A.M.; Liang, P.l.; Li, C.F.; Wu,
W.J. Overexpression of PTP4A3 is associated with metastasis and unfavorable prognosis in bladder cancer.
World J Urol. 2016 Jun;34(6):835-46. doi: 10.1007/s00345-015-1698-x.
Yu, G.; Rice, S.; Heer, R.; Lewis, R.; Vadiveloo, T.; Mariappan, P.; Penegar, S.; Clark, E.; Tandogdu, Z.;
Hall, E.; Vale, L. Photodynamic Diagnosis — guided Transurethral Resection of Bladder Tumour in
Participants with a First Suspected Diagnosis of Intermediate- or High-risk Non-muscle-invasive Bladder
Cancer: Cost-effectiveness Analysis Alongside w Randomised Controlled Trial. Eurpean Urology Open
Science 2023, 53, 67-77, https://doi.org/10.1016/j.euros.2023.05.003.
Bochenek, K.; Aebisher, D.; Miedzybrodzka, A.; Cieslar, G.; Kawczyk-Krupka, A. Methods for bladder
cancer diagnosis - The role of autofluorescence and photodynamic diagnosis. Photodiagnosis Photodyn Ther.
2019 Sep;27:141-148. doi: 10.1016/j.pdpdt.2019.05.036.
Ahmadi, H.; Duddalwar, V.; Daneshmand, S. Diagnosis and Staging of Bladder Cancer. Hematol. Oncol.
Clin. North Am. 2021, 35, 531-541, https://doi.org/10.1016/j.hoc.2021.02.004
Godlewski, D.; Bartusik-Aebisher, D.; Czech, S.; Szpara, J.; Aebisher, D. Bladder cancer biomarkers.
Explor Target Antitumor Ther. 2025 Mar 25;6:1002301. doi: 10.37349/etat.2025.1002301.
Babjuk, M.; Burger, M.; Compérat, E.; Gontero, P.; Mostafid, A.; Palou, J.; van Rhijn, B.; Rouprét, M.;
Shariat, S.; Sylvester, R. EAU guidelines on non-muscle-invasive bladder cancer. In Proceedings of the
EAU Annual Congress Barcelona, 2019, https://uroweb.org/guidelines/non-muscle-invasive-bladder-cancer
Grabe-Heyne, K.; Henne, Ch.; Mariappan, P.; Geiges, G.; P6hlmann, J.; Pollock, R.F. Intermediate and
high-risk non-muscle-invasive bladder cancer: an overview of epidemiology, burden, and unmet needs.
Front. Oncol. 2023, 13, 1170124, https://doi.org/10.3389/fonc.2023.1170124.
Grabe-Heyne, K.; Henne, Ch.; Odeyemi, I.; Péhlmann, J.; Ahmed, W.; Pollock, R.F. Evaluating the cost-
utility of intravesical Bacillus Calmette-Guérin versus radical cystectomy in patients with high-risk non-
muscle-invasive bladder cancer in the UK. Journal of medical economics. 2023, 26, 411-412,
https://doi.org/10.1080/13696998.2023.2189860.
Jablonowski, Z. Bladder Cancer — Epidemiology, Diagnosis, and Treatment in the 21st Century. Folia
Medica Lodziensia. 2013, 40, 31-52, https://doi.org/10.1046/j.1523-5394.2002.106011.x.
Sobin, L.H.; Gospodarowicz, M.K.; Wittekind, C. TNM Classification of Malignant Tumors, 7™ Edition,
John Wiley & Sons: 2009.

https://biointerfaceresearch.com/ 70f9


https://doi.org/10.33263/BRIAC154.046
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.eursup.2008.04.005
https://doi.org/10.1016/S0022-5347(05)65968-X
https://doi.org/10.1016/s0094-0143(05)70199-3
https://doi.org/10.2165/00002512-200118050-00004
https://doi.org/10.1097/00042307-199909000-00007
http://www.urologiapolska.pl/artykul.php?325&lang=en&print=1
https://doi.org/10.53584/wiadchem.2022.9.1
https://doi.org/10.1016/j.euros.2023.05.003
https://uroweb.org/guidelines/non-muscle-invasive-bladder-cancer
https://pubmed.ncbi.nlm.nih.gov/?term=P%C3%B6hlmann+J&cauthor_id=37333804
https://doi.org/10.3389/fonc.2023.1170124
https://pubmed.ncbi.nlm.nih.gov/?term=P%C3%B6hlmann+J&cauthor_id=37333804
https://doi.org/10.1080/13696998.2023.2189860
https://doi.org/10.1046/j.1523-5394.2002.106011.x

https://doi.org/10.33263/BRIAC154.046

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

45,

46.

47.

48.

Tilki, D.; Burger, M.; Dalbagni, G.; Grossman, H.B.; Hakenberg, O.W.; Palou, J.; Reich, O.; Rouprét, M.;
Shariat, S.F.; Zlotta, A.R. Urine Markers for Detection and Surveillance of Non—Muscle-Invasive Bladder
Cancer. European Urology 2011, 60, 484-492, https://doi.org/10.1016/j.eururo.2011.05.053

Lokeshwar, V.B.; Habuchi, T.; Grossman, H.B.; Murphy, W.M.; Hautmann, S.H.; Hemstreet, G.P.; Bono,
A.V.; Getzenberg, R.H.; Goebell, P.; Schmitz-Dréger, B.J.; Schalken, J.A.; Fradet, Y.; Marberger, M.;
Messing, E.; Droller, M.J. Bladder tumor markers beyond cytology: International Consensus Panel on
bladder tumor markers. Urology. 2005, 66, 35-63, https://doi.org/10.1016/j.urology.2005.08.064
Zwarthoff EC. Detection of tumours of the urinary tract in voided urine. Scand J Urol Nephrol Suppl. 2008,
218, 147-53. doi: 10.1080/03008880802283953.,

Zugni, F.; Ruju, F.; Pricolo, P.; Alessi, S.; lorfida, M; Colleoni, M.A.; Bellomi, M,; Petralia G. The added
value of whole-body magnetic resonance imaging in the management of patients with advanced breast
cancer. PLoS One. 2018, 13(10), e0205251. doi: 10.1371/journal.pone.0205251.

Oosterling, W.; van der Meijden, A.; Sylwester, R.; Bohle, A.; Rintala, E.; Solsona Narvon, E.; Lobel, B.
Guidelines on Ta T1 (non-muscle invasive) Bladder Cancer. EAU 2006.

Babjuk, M.; Burger, M.; Capounm O.; Cohen, D.; Compérat, E.M.; Dominguez Escrig, J.L.; Gontero, P.;
Liedberg, F.; Masson-Lecomte, A.; Mostafid, A.H.; Palou, J.; van Rhijn, B.W.G.; Rouprét, M.; Shariat, S.F.;
Seisen, T.; Soukup, V.; Sylvester, R.J. European Association of Urology Guidelines on Non-muscle-
invasive Bladder Cancer (ta, T1, and Carcinoma in Situ). European Urology 2022, 81, 75-94,
https://doi.org/10.1016/j.eururo.2021.08.010.

Lipinski, M. Metody diagnostyczne stosowane w rozpoznawaniu raka pecherza moczowego. Przeglgd
Urologiczny 2008, 48, 64-72.

Maas, M.; Todenhofer, T.; Black, P.C. Urine biomarkers in bladder cancer — current status and future
perspectives. Nat. Rev. Urol. 2023, 20, 597-614, https://doi.org/10.1038/s41585-023-00773-8.

Zupko, I.; Kamuhabwa, A.R.; D'Hallewin, M.A.; Baert, L.; De Witte, P.A. In vivo photodynamic activity
of hypericin in transitional cell carcinoma bladder tumors. Int J Oncol. 2001 May;18(5):1099-105.
Kriegmair, M.; Baumgartner, R.; Knuchel, R.; Ehsan, A.; Steinbach, P.; Lumper, W.; Hofstadter, F.;
Hofstetter A. Photodynamic Diagnosis of Urothelial Neoplasms after Intravesical Instillation of 5-
Aminolevulinic Acid. Urologe A. 1994, 33, 270-275.

Lin, L.; Guo, X.; Ma, Y.; Zhu, J.; Li, X. Does repeat transurethral resection of bladder tumor influence the
diagnosis and prognosis of T1 bladder cancer? A systematic review and meta-analysis. Eur. J. Surg. Oncol.
2023, 49, 29-38, https://doi.org/10.1016/j.ejs0.2022.06.005.

Sylvester, R.J.; van der Meijden, A.P.M.; Oosterlinck, W.; Witjes, J.A.; Bouffioux, C.; Denis, L.; Newling,
D.W.W.; Kurth, K. Predicting Recurrence and Progression in Individual Patients with Stage Ta T1 Bladder
Cancer Using EORTC Risk Tables: A Combined Analysis of 2596 Patients from Seven EORTC Trials.
European Urology 2006, 49, 466-477, https://doi.org/10.1016/j.eururo.2005.12.031

Gazzaniga, P.; Gradilone, A.; De Berardinis, E.; Sciarra, A.; Cristini, C.; Naso, G.; Di Silverio, F.; Frati, L.;
Agliano, A.M. A chemosensitivity test to individualize intravesical treatment for non-muscle-invasive
bladder cancer. BJU Int. 2009, 104, 184-188, https://doi.org/10.1111/j.1464-410X.2008.08342 x.

Droller, M.J. Epidemiology of bladder cancer. In Textbook of bladder cancer. Lerner S.P., Schoenberg M.,
Sternberg C., Eds.; CRC Press: London, 2006; pp. 3-12.

Zupké 1, Kamuhabwa AR, D'Hallewin MA, Baert L, De Witte PA. In vivo photodynamic activity of
hypericin in transitional cell carcinoma bladder tumors. Int J Oncol. 2001 May;18(5):1099-105.

Kelly, J.F.; Snell, M.E. Hematoporphyrin derivative: a possible aid in the diagnosis and therapy of carcinoma
of the bladder. J Urol. 1976, 115, 150-151, https://doi.org/10.1016/s0022-5347(17)59108-9.

Jocham, D.; Staehler, G.; Chaussy, C.; Hammer, C.; Lohrs, U. Laser treatment of bladder tumors following
photosensitization with hematoporphyrin derivative. First experimental experiences (author's transl)].
Urologe A 1981, 20, 340-343.

Yavari, N.; Andersson-Engels, S.; Segersten, U.; Malmstrom, PU. An overview on preclinical and clinical
experiences with photodynamic therapy for bladder cancer. Can J Urol. 2011, 18, 5778-86.

Huang, Z.; Xu, H.; Meyers, A.D.; Musani, A.l.; Wang, L.; Tagg, R.; Bargawi, A.B.; Chen, YK.
Photodynamic therapy for treatment of solid tumors--potential and technical challenges. Technol Cancer
Res Treat. 2008, 7, 309-20. doi: 10.1177/153303460800700405.

Vogl, T.J.; Eichler, K.; Mack, M.G.; Zangos, S.; Herzog, C.; Thalhammer, A.; Engelmann, K. Interstitial
photodynamic laser therapy in interventional oncology. Eur Radiol. 2004, 14, 1063-73. doi:
10.1007/s00330-004-2290-8.

https://biointerfaceresearch.com/ 80of9


https://doi.org/10.33263/BRIAC154.046
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.eururo.2011.05.053
https://www.goldjournal.net/article/S0090-4295(05)01492-5/abstract
https://doi.org/10.1016/j.urology.2005.08.064
https://pubmed.ncbi.nlm.nih.gov/?term=Comp%C3%A9rat+EM&cauthor_id=34511303
https://pubmed.ncbi.nlm.nih.gov/?term=Roupr%C3%AAt+M&cauthor_id=34511303
https://doi.org/10.1016/j.eururo.2021.08.010
https://pubmed.ncbi.nlm.nih.gov/?term=Todenh%C3%B6fer+T&cauthor_id=37225864
https://doi.org/10.1038/s41585-023-00773-8
https://doi.org/10.1016/j.ejso.2022.06.005
https://doi.org/10.1016/j.eururo.2005.12.031
https://doi.org/10.1111/j.1464-410X.2008.08342.x
https://doi.org/10.1016/s0022-5347(17)59108-9

https://doi.org/10.33263/BRIAC154.046

49.

50.

51.

52.

53.

54.

55.

Xiao, Z.; Mak, A.; Koch, K.; Moore, R.B. A molecular complex of bovine milk protein and oleic acid
selectively kills cancer cells in vitro and inhibits tumour growth in an orthotopic rat bladder tumour model.
BJU Int. 2013, 112, E201-10. doi: 10.1111/j.1464-410X.2012.11737 .x.

Sokolova, I.A.; Halling, K.C.; Jenkins, R.B.; Burkhardt, H.M.; Meyer, R.G.; Seelig, S.A.; King, W. The
development of a multitarget, multicolor fluorescence in situ hybridization assay for the detection of
urothelial carcinoma in urine. The Journal of Molecular Diagnostics 2000, 2, 116-123,
https://doi.org/10.1016/s1525-1578(10)60625-3.

Bubendorf, L.; Piaton, E. UroVysion multiprobe FISH in the triage of equivocal urinary cytology cases.
Annales de pathologie. 2012,32, e52-e56, https://doi.org/10.1016/j.annpat.2012.09.207.

Halling, K.C.; King, W.; Sokolova, I.A.; Meyer, R.G.; Burkhardt, H.M.; Halling, A.C.; Cheville, J.C.; Sebo,
T.J.; Ramakumar, S.; Stewart, C.S. A comparison of cytology and fluorescence in situ hybridization for the
detection of urothelial carcinoma. The Journal of Urology 2000, 164, 1768-1775,
https://doi.org/10.1016/S0022-5347(05)67104-2.

Zhang, M.L.; VandenBussche, C.J.; Hang, J.-F.; Miki, Y.; Mclntire P.J.; Peyton, S.; Vohra, P. A review of
urinary cytology in the setting of upper tract urothelial carcinoma. Journal of the American Society of
Cytopathology 2021, 10, 29-35, https://doi.org/10.1016/j.jasc.2020.06.011.

Halling, K.C.; King, W.; Sokolova, I.A.; Karnes, R.J.; Meyer, R.G.; Powell, E.L.; Sebo, T.J.; Cheville, J.C,;
Clayton, A.C.; Krajnik, K.L.; Ebert, T.A.; Nelson, R.E.; Burkhardt, H.M.; Ramakumar, S.; Stewart, C.S.;
Pankratz, V.S.; Lieber, M.M.; Blute, M.L.; Zincke, H.; Seelig, S.A.; Jenkins, R.B.; O'Kane, D.J. A
comparison of BTA stat, hemoglobin dipstick, telomerase and Vysis UroVysion assays for the detection of
urothelial carcinoma in urine. J. Urol. 2002, 167, 2001-2006.

Halling, K.C.; Kipp, B.R. Bladder cancer detection using FISH (UroVysion assay). Advances in anatomic
pathology 2008, 15, 279-286, https://doi.org/10.1097/PAP.0b013e3181832320

Publisher’s Note & Disclaimer

The statements, opinions, and data presented in this publication are solely those of the individual author(s) and
contributor(s) and do not necessarily reflect the views of the publisher and/or the editor(s). The publisher and/or
the editor(s) disclaim any responsibility for the accuracy, completeness, or reliability of the content. Neither the
publisher nor the editor(s) assume any legal liability for any errors, omissions, or consequences arising from the
use of the information presented in this publication. Furthermore, the publisher and/or the editor(s) disclaim any
liability for any injury, damage, or loss to persons or property that may result from the use of any ideas, methods,
instructions, or products mentioned in the content. Readers are encouraged to independently verify any
information before relying on it, and the publisher assumes no responsibility for any consequences arising from
the use of materials contained in this publication.

https://biointerfaceresearch.com/ 90f9


https://doi.org/10.33263/BRIAC154.046
https://biointerfaceresearch.com/
https://doi.org/10.1016/s1525-1578(10)60625-3
https://doi.org/10.1016/j.annpat.2012.09.207
https://doi.org/10.1016/S0022-5347(05)67104-2
https://doi.org/10.1016/j.jasc.2020.06.011
https://doi.org/10.1097/PAP.0b013e3181832320

